WO 02/ 092678 PCT/ US02/ 12524 METHODS FOR THE PREPARATI ON OF CELLUAR
HYDROGELS 5 The invention disclosed herein deals in one enbodi nent with
cel l ul ar woydnemes s and nmet hods for their preparation. Thecmuoogsks of
this 1o invention can be col ored, rendered radi o opaque, or can be

conpl exed, for exanple, with iodine and/or other germcides to yield
useful materials. The hydrogels can be forned into essentially any shape,
size, or surface texture, and can have a w de range of desired degrees of
porosity, that is, have any pore size, or pore geonetry, or any pore
size/ geonetry 15 distribution. The nethods for preparlng the hydrogel s

requi re dissolution of Mm N single or m xed
sol vents capabl e of di sso \Qf}g@ !;E ﬁ;’ig l'gymar solution is then
| oaded with a material (de @(!‘ aﬁ%‘ﬂ es the continuous

pol ymer network structure with the 20 enbedded material. The m xture is
then subjected to conditions that cause crystallization, gellation, or
coagul ation, or a mxture of crystallization, WO 02/092678 PCT/ US02/ 12524
gel latjon, or coagulation, of the polyner through formation of physical
sites. Thereafter, the material is renoved to provide a cellular hydrogel.
The cellul ar hydrogels can then be subjected to a sol vent treatnent

The invention disclosed herein deals in one embodiment with cellular

hydrogels and methods for their preparation. The hydrogels of this
10 invention can be colored, rendered radio opaque, or can be complexed, for
example, with iodine and/or other germicides to yield useful materials.

The hydrogels can be formed into essentially any shape, size, or
surface texture, and can have a wide range of desired degrees of porosity,
that is, have any pore size, or pore geometry, or any pore size/geometry

15 distribution.

The methods for preparing the hydrogels require dissolution of the
precursor polymers in either single or mixed solvents capable of dissolving
the polymer. The polymer solution is then loaded with a material (described
infra) that creates the continuous polymer network structure with the

20 embedded material. The mixture is then subjected to conditions that cause

crystallization, gellation, or coagulation, or a mixture of crystallization,



and/or a heat treatnment to nodify and further tailor the physical
properties. 5 In an alternative nmethod, the polyner is first dissolved in
a sol ventwofoe9zshe pol yvi nyl al cohol (PVA), or a m xture eCTashyeses for
the PVA, and a stable froth is prepared through the use of surface active
agents or a mxture of surface active agents. The froth is then subjected
t o condi t igehkationgor caagelattony, afdhei palymer, thyeuglafoonationafiphytsiesl or a

m xture of crystallization, 1o gellation, or coagulation, of the polyner

manner cadtEe RaeanepdhP BiReERL is B Ged RV RSR Shtul @ eglone 1o
nodi fy and further tailor the physical properties of the hydrogels.

BACKGROUND OF THie t&IHNT hokirdgelEhanpihlehi sdhsubjlectedf ® aselventateatdronit wit h
references to various types of cellular materials nade from pol ynmers such

as pol yur et hanes ol ystyrenes, | yol.ef i ns, | yvi nyl chl ori de, oxi es,
ur ea- f or %I&ea&rﬁ%/’%@@t t%mmﬁ%h é@derjll}'@‘@%' 8%8@%/%\9 hY%%ﬁaf Br(m?ﬁﬁgﬁ- of

ot her polyners. Nunerous nethods for the preparation and controlling the
physi cal 20 pr ' iveSh LRI ; ' dmft the
Iiteraf§ ure. 2%%%1}%%5%@78 Pé%%gg?%ﬁeﬁéﬁﬁfg%taﬁﬁ?kﬁﬁﬁo%ggsegﬂ for
making cel | ul ar polymers are well —known to those skilled in the art with
regard t o foutie pobyvinyl plsohed (BV AXygn & mixfyreced salventsploirythe £V A, @ndedle

ei ther by nechanically entrapping gas

stable froth is prepared through the use of surface active agents or a mixture
of surface active agents. The froth is then subjected to conditions that cause
crystallization, gellation, coagulation or a mixture of crystallization,

10 gellation, or coagulation, of the polymer through the formation of physical
sites. The hydrogels formed in this manner can then be subjected to a
solvent treatment or heat treatment to modify and further tailor the physical
properties of the hydrogels.

BACKGROUND OF THE INVENTION

15 The published literature is abundant with references to various types
of cellular materials made from polymers such as polyurethanes,
polystyrenes, polyolefins, polyvinylchloride, epoxies, urea-formaldehyde,
latices, silicones, fluoropolymers, and a number of other polymers.
Numerous methods for the preparation and controlling the physical

20 properties of cellular materials have been disclosed in the literature.



bubble in a polyner matrix or by incorporating renovable, materials. 5
Commonly, gas bubbles of nitrogen and carbon di oxi de are nmechanically

ent r appedweioiexs7sainder nor mal at nospheric pressure or gen@catusdxipp26sudden
expansi on of gas dissolved in the polynmer matri x upon decrease of the
pressure. Cellular structures can also be created by entrappi ng gas

gener at ed t hr oldanufadteningproceassts for making eslbahas potyagenarowebl owi ng 1o
agent. For instance, one can entrap carbon di oxide rel eased during the

hem cal ' f ' i b d hd | | h hem cal
Foam ng mithou 11605 SPUNRLE RN HERRAYS Btk ol Badmel" Sani ng.
met hods. This is because, when physical foam ng nethods are used, it is,

for instangsicallyf é¢ltular podyerss aee heideositdeausy eheshanberllyentrhppiig %@@ed
gas in 15 the polymer matrix, control reduction of gas pressure, an
as, out of the matri x, Those

control the iffusion rate of a ol
met hods tﬁ&blﬁﬁ\}’é pBatiay or Bfﬂlé’qrpf’@tm&?%np%gﬁ%@atﬁ@lﬁar ation of

PVA hydrogel s can be divided into nethods that rely on coval ent

el e A Y B R

cross-linking, also known as chem cal cross-linking, includes the use of
mul ti - f uncmtappedreitien wedemnemnakaimodpherid pressurser generated byustidden
al dehydes, mal eic acid, dinethylurea,
expansion of gas dissolved in the polymer matrix upon decrease of the
pressure. Cellular structures can also be created by entrapping gas
generated through a chemical reaction of an expansion agent or blowing
10 agent. For instance, one can entrap carbon dioxide released during the
chemical reaction of sodium bicarbonate and an acid. Usually, the chemical
foaming methods are preferred over mechanical, that is, physical foaming
methods. This is because, when physical foaming methods are used, it is, for
instance, difficult to ensure homogeneous distribution of entrapped gas in
15 the polymer matrix, control reduction of gas pressure, and control the
diffusion rate of a gas out of the polymer matrix.
Those methods that have been reported in the literature for the
preparation of PVA hydrogels can be divided into methods that rely on

covalent cross-linking in one approach, and those methods that involve

20  physical cross-linking.



di i socyanates, boric acid and also includes ionizing radiation, ultra-
violet, 5 or any other agent capable of creating coval ent cross-Iinks

bet ween woloeoodees. Thi s net hod has been used to prepare RaTRISOn®I2p0r ous)
and cellular (porous) hydrogels. The second, or alternative nethod, also
known as physical or reversible cross-1linking, includes cross-|inking

t hrough cryst alThe Gsst method,romdentoenodsdinking, elsopkmownags dhepsicah|

cross-linking through formation of crystallites in situ is the nost
desirabl e an . . i shed -ngl e freezing.and t.hen dexfreezing;
Fepeat ed PR TR iR GEARPINSWE o b i Bl onBS F i Pl dS Doy el
controlled low tenperature crystallization and the |ike. 15 A review of

the prior igyérospdivskdrbasudihys alidhydessanlléiokicid, dehdibgdurdaave been used
only to prepare bulk hydrogels. No references related to the preparation

of cellul ay.. hydrogel s, by, physgi cal .crqoss-I1jnking.were_ found. The first of
Lhese ref diisqoyanaiesybeficiid andzalge dnolules inting sadiadian, ulwr viglebn 1052
This reference teaches the preparation of covalently cross- 20 |inked
por ous :hy LhRfe R e at 4 W
D) 0oaky s oy Ak %@?ﬁ‘%ﬁgﬁ%ﬁ%@%ﬁ%ﬁﬁ%@% S IBeRR o presence
of acid catalysts, such as sulfuric acid. The nethod is a frothing nethod,
in that, poelaetles.r Thivmeghodhasheeatusediy prepasepully(ger-ponobslkand n t he
pol yner solution in the
cellular (porous) hydrogels.
The second, or alternative method, also known as physical or
reversible cross-linking, includes cross-linking through crystallites,
10 hydrogen bonding and complexing. Physical cross-linking through
formation of crystallites in situ is the most desirable and can be
accomplished by single freezing and then de-freezing; repeated freezing and
de-freezing; partial or complete freeze-drying; controlled low temperature
crystallization and the like.
15 A review of the prior art shows that physical cross-linking methods
have been used only to prepare bulk hydrogels. No references related to the
preparation of cellular hydrogels by physical cross-linking were found.
The first of these references is U.S. Patent 2,609,347, which issued to

Wilson in 1952. This reference teaches the preparation of covalently cross-

20 linked porous hydrogels by cross-linking the polymers with formaldehyde at



presence of a wetting agent which stabilizes bubbles and hel ps to di sperse
5 the bubbles uniformy throughout. This patent al so discloses the

possi bi | iwQ 020926a%i ng cross-1inked pol ynmer hydrogel s i n aPalniser/ 1254
applications including the use as inplants in the human body. Since the
publication of that gatent, a nunber of nethods, based on a coval ent
cross- | i nikempevitursbatvers 208€aahd 60T Gan the prosammet of fcidecabalysts] suchport ed
for making cellular materials. In all cases of the prior art, the first

o Tt conuy R B anRG siftoH R R BETneolds thaRRY KBl Skl ™

step is entrapment of air bubbles in the polymer solution in the presence

of a surfageicagitedns) émﬂ@@;:nbing gapbabblelslinrthetmﬂyﬁwnsmmﬂmtmtI ng it with

di- or 15 nulti-function cross-1linkers. Cross- Ilnklng agents used in
the prior art rend r the sponges tr abl t hu |ng t hem
i nsol ubl e ATRSENGF QbR T R b A t0 disnREss

nol ecul es. Typically, cross-l i nking agents for the PVA Were sel ected from

t he al deh e ,
Lor epht hal o L T U S oG s g B oiify
PCT/ US02/ 12524 | eads to formation of hi ghI Yy acetalized cellular PVA
net wor ks. of\wsingeross-bokied polyserihiyedrogelsi inra nnsherraftapplidationises,
di -dii socyanates, trinethylol nel am ne, epichlorohydrin, polyacrylic acid,
di met hy| Oln"fcr:ﬁl%l’mg the use as implants in the human body.
Since the publication of that patent, a number of methods, based on a
covalent cross-linking of PVA as disclosed in the ‘347 patents have been
10 reported for making cellular materials. In all cases of the prior art, the first
step in the preparation of cellular hydrogels is dissolution of the polymer or
its copolymers in an appropriate solvent, typically water. The next step is
entrapment of air bubbles in the polymer solution in the presence of a
surfactant and finally, cross-linking the polymer by treating it with di- or
15 multi-functional cross-linkers.
All cross-linking agents used in the prior art render the sponges
intractable and thus making them insoluble in any solvent due to formation
of covalent bonds between molecules. Typically, cross-linking agents for

the PVA were selected from the aldehyde family, such as formaldehyde,

20 glyoxal, glutaraldehyde, terephthaldehyde and hexamethylenealdehyde that



mal ei ¢ anhydride, boric acid, sodiumtetraboratedecahydrate (Borax) or by
5 exposure to high-energy radiation. Covalently cross-linked PVA sponges
and bul k WoA2k9drogel s have a relatively |ong history of pasasoniz2wn de
variety of applications. Covalently cross-Ilinked PVA sponges have already
establ i shed t hensel ves as verﬁ/ useful materials in nunmerous applications

such as i hegdectoafpmaatiomef aghlinecetalized ceHular RYiduhetwarks. dVi#t cat i on,

furniture, transportation, aerospace, food industry, household, textile,

medi cal c ' r._of Foar .y e, covalently
cross-1i n%iﬁ@éﬁﬂ?%fmgﬁ%gﬁg %ﬁgﬁ}@gﬁ%ﬁgﬁgil%}'éigoqyé@%% for water, air
filters in intakes of conpressors, engines, and air conditioners, oil
filters, arichdtheldlikedanlinegepichidrehydein, podsa liE\é%idﬁd'ﬁﬁeﬂt%@@hﬂé@, al so
based on their Zbi lity to ’??adi ly ag'sorb and cﬁgl d water suc as househol d
washi ng sponges, absarbent .cl oths, j.ndustrial dehydyatin rol lers, paint
ol er e, ° Sealdes nafyande, Boris agidtodi PR o RROraIC AL RS SBGRS) 4R BY PUA
hydrogel s in the nedical field is especially inportant because of unique
physi c9- chemhsdate B ARH-Eh8fowPiadi¥Aon20 hydrogels. In spite of sone

I nconpat i bi Fsibty conc%ins a%ppehysﬁggl property 6 WD 02/092678

PCT/ US02/ 12524 |im tations, acetalized PVA spon(ges have readily found

si gni fi cant us&ovalentlyicrass-linkiedsP ¥V spenges and butk PWAdwidragels have

applications. Sone of the inportant unique properties of acetalized PVA
sponges araerelét%el&qﬁhﬁqfﬁgtory of use in a wide variety of applications. Covalently

cross-linked PVA sponges have already established themselves as very
useful materials in numerous applications such as in packaging, thermal and
10  acoustic insulation, construction, furniture, transportation, aerospace, food
industry, household, textile, medical cosmetics and a number of other areas.
For example, covalently cross-linked cellular PVA are used commercially as
filters for water, air filters in intakes of compressors, engines, and air
conditioners, oil filters, and the like. Large numbers of uses of PVA
15 sponges are also based on their ability to readily absorb and hold water such
as household washing sponges, absorbent cloths, industrial dehydrating
rollers, paint rollers, acoustic filters, and the like.
The use of PVA sponges and PV A hydrogels in the medical field is
especially important because of unique physico-chemical properties of PVA

20 hydrogels. In spite of some incompatibility concerns and physical property



bei ng i npervious to attack by body fluids such as, for exanple, blood,
urine 5 and ot her secretions; being non-sticking and non-adherent to tissue
and haviwg eegsehabl y good bi oconmpatibility. The foll ow RGTASIEMSS4

di scl ose the use of PVA. For exanple, foans in cosnetics can be found in
Japanese kokai 62/072,732 published in April of 1987 to Csawas; thermnal

i nsul at i odimitatioss, mte}izecil’ém, spohgesimivereaddy foundsignificant use iBebr uary
of 1987; pharmaceuticals in Japanese kokoku 57/006, 403 which published in

b f 1982 medi cal Ligati ' , d
Finalty, Sapdita e ich as SRErARly Hibulel b LIRS Shnf BT par ont <
such as U S. 2,609,347, US. 2,668 153, and U S.2, 825 747, 15 teach a

frothing pmgretmtialiquberopertdsods @dsetaﬁzE’d//P\SAmm%efsrarm ferdnseiceat ed,
Vi scous aqueous sol uﬁi og)s gf PVA by cross-linking the PVA wth

S e PG LA T od S
gas bubbl ' > a > e 60
C to induce coval ent cross 20 7 WD 02/092678 PCT/ US02/ 12524 |inking. This
type ot P ' | _ js 1l * rces, but
ype of \éﬁds&m%%egfetﬁﬁﬁ?%ﬁ?ggpo ns(’%}’cflh*xg%ﬂ hoRBdhe tisstle aftt

t he best-known brand name’is om Unipornt Industries, High
Point, North_ Carolina. . L
having reasonably good biocompatibility.

The following patents disclose the use of PVA. For example, foams
in cosmetics can be found in Japanese kokai 62/072,732 published in April
of 1987 to Csawas; thermal insulation in U.S. Patent 4,644,014 which

10 issued to Thomson in February of 1987; pharmaceuticals in Japanese
kokoku 57/006,403 which published in February of 1982; medical
applications in German Patent 2,523,287 and finally, Japanese Patent
55/071,532 discloses water absorption.

Patents such as U.S. 2,609,347, U.S. 2,668,153, and U.S.2, 825,747,

15 teach a frothing process for the preparation of PVA sponges from
concentrated, viscous aqueous solutions of PVA by cross-linking the PVA
with formaldehyde. The solutions are typically vigorously mixed to
incorporate gas bubbles into the PVA solutions that are then acidified at or
above 60 °C to induce covalent cross-

20



U S. Patent 4,098,728 teaches a frothing process to make uniformy 5
expandabl e hydrophilic sponge by reacting PVA with formal dehyde in the
presence Wb oanienor gani ¢ aci d and non-toxi ¢ wetti ng agent pat/usempmsesat ur es
of 30C to 60C. After the PVA has been cross-linked, substantially all of

t he el utabl e, aci mettin nt, and fornmal dehyde ar. xtyacted fromthe
sponge. TEFPEG%O SW%Q??%W%&%H%%YQW qlgbiﬂ %tae]ﬂlg’é’(?rby i 0
i nst ant aneous wi cking and high |liquid holding capacity. The rate of

i ki ng. 2B bl Bl iRl BESCRRARK! Hrkla AAIRSs T08RARD himcTRseh o bY

t enperature and processing condi tions curing of
reacti on product in aqueous nedium This patent also discloses a nethod of
maki ng PVEndwstoigs, MighPaiptdierthyCarolimgpor at i ng and honogeneously is

di stributing throughout the PVA sponge, an encapsul ated radi o opaque

subst ance. Fur r . S. 4,430, 44, l.scl oses a frothing-nethod for
nmanuf act uri ng ﬁgd E@%ﬁﬁ},@?gﬁ% Eﬁﬁcgﬁgﬁ‘ 1}758&9“5\1%0?8%‘{ w&ike form
covalently cross-linked with aliphatic al dehyde in the presence of wetting

20 agept andaAdable %dﬁg}rﬂﬁ@@ bﬁge%f&abﬁﬁg@vmﬁ&ﬂﬁfmaﬂehﬂrd@@ﬁIﬁh@or e
foans 8 02/ 0926 PCT/ USO2/ 12524 from a m xture of an aqueous PVA

sol ution and an aqueous dispersjon of a vinyl acetate/ethylene copolyner
by frot hi pgesencecoivar inonganieg acisbaned BEBH@XIe Witingasans BhéerperFtires
al i phatic al dehyde in the presence of
of 30°C to 60°C. After the PVA has been cross-linked, substantially all of
the elutable acid, wetting agent, and formaldehyde are extracted from the
sponge. This sponge is suitable for medical use and is characterized by
10  instantaneous wicking and high liquid holding capacity. The rate of
wicking and liquid holding capacity of these sponges is controlled by
temperature and processing conditions during the formation and curing of
reaction product in aqueous medium. This patent also discloses a method of
making PVA sponge x-ray opaque by incorporating and homogeneously
15  distributing throughout the PVA sponge, an encapsulated radio opaque
substance.
Further, U.S. Patent 4,430,447 discloses a frothing method for
manufacturing molded articles from open pore PVA foam that has been

covalently cross-linked with aliphatic aldehyde in the presence of wetting

20 agent and acid. This invention also teaches preparation of open pore foams



an acid. Still further, U S Patents 5,554,658 and 5, 554, 659 disclose a 5
frothing process for making injection nolded porous PVA sponge by reacting
PVA wi t h Worembpmehyde in the presence of a mineral acid, PChRiuskzmsag agents
and non-toxic wetting agents at tenperatures of 50Cto 95C Preferred
degree of acetalization is at |east 50% and preferably over 70% It also

t eaches a fremrwhiktirerelkamgqueows PAA selution aadidchgeeais dispersigndiavA
sponge. Going still further, U S. Patent 5,843,060 discloses a frothing

non- - adnera AERRTERTRE effiShher B A Al s <ol ut ons ot

PVA in the presence of wetting agents and gas produces acetalized PVA

foam 15 kostdspdnBiffy polyhennetweskd withealiphatic aldebygleninctheqpresemet of
containing two hydroxyl reactive groups in the presence of an inorganic

acid catal yst.. l.nally, U at ent 5,147 344 d] 0 frothing process
for prepardftd d- §F1Wh@a¢3b§§&!‘t%és%%‘}agégrﬁnéﬂéa%%ﬁ€§§ d%f}lO?%am i s
stabilized by covalently cross-linking polyners with multi-function cross-

20 linkin |l ;ﬁﬁ%e i val ent
met al slg 9%\/%9181%%5%%%%%%50 /f{ggczt?i&g?ﬁgleareﬁ@r%@gﬁ@xkoé ga cMc’)r I norgani c

acids or salts thereof, The foam optionally nmay contain plasticizers
and/ or auxea¢ting PAjArnwihsfetmaldelyade in/the pregenae of gaminenal peics- f or mi ng
met hods, one can note from U. S Pat ent

thickening agents and non-toxic wetting agents at temperatures of 50°C to
95°C. Preferred degree of acetalization is at least 50% and preferably over
70%. It also teaches a method for making an outer skin on articles of

10 molded PVA sponge.

Going still further, U.S. Patent 5,843,060 discloses a frothing process
for preparation of acetalized PVA foam that is useful for making non-
adherent nasal, sinus and otic packings. Frothing aqueous solutions of PVA
in the presence of wetting agents and gas produces acetalized PVA foam.

15 Frothed PVA is then cross-linked with an organic compound containing two
hydroxyl reactive groups in the presence of an inorganic acid catalyst.

Finally, U.S. Patent 5,147,344 discloses a frothing process for
preparation of PVA foams based on gelatin and water. The foam is
stabilized by covalently cross-linking polymers with multi-function cross-

20 linking agents selected from the group comprising at least trivalent metals



4,083,906, that the preparation of PVA sponges by using polyethylene 5

gl ycol and pol yacryl am de having vari ous nol ecul ar wei ghts, as renovabl e
por e- f or vog2mets3s ances i s di sclosed. PVA solution is fir®CTrskB®ds™Mth the
pore-form ng substance and then the PVA is cross-linked with al dehydes in
t he presence of acid. The pore-form ng substance is practjcally inert to
al dehyde orsemi-onetal atiotganiedoninasganisl agids oz galis dhereola kheRHBd out with

to water. Another method is taught in U S Patent 4,279,752, in which the
use of fin

Si rticl . = Male i i : facture
or - pa opRfigBetrh o7 Sobldh GaSicRRIfaldlop RRiBMY ARRS Spldhr ARITRRS: TC |
PVA having degrees of hydrolysis as |ow as 85%is carried out in the 15
presence of anWichdeghabto pore-fairhinglnegbds,icre causotegfronbdi.Sntatentind t he
solids are substantially extracted fromcoagul ated PVA. Silica is extracted

by al kali  ,so]utjon h as lif.hiu roxide, sodium hydr gxi de. potassi um
hydr oxi de‘h&ﬁiﬁéh& ﬁ}ai gﬁe PreRAE P@rﬁ@% FRPRESS 138 Uiihe Hé?ﬁﬁy ranes

with pore sizes from50 angstroms to 10 m 10 WD 02/092678 PCT/ US02/ 12524
U.S. Pat eg}ycfbl%a;#c afhylahfigehaiiee RasRvsdhbRICURAr WRidlesTas pahovablePVA

menbr anes~havi ng 0 pores made by a process conprising dissolving a
pol yoxyal kyl ene gl ycol_ into PVA aqueous solutions, . cfggs%ul ating. hfl
resul t i ngpe-fiorming sebstensesisndissroned. IMVA: eplpiongis; fiest mixed with the

pore-forming substance and then the PVA is cross-linked with aldehydes in

the presence of acid. The pore-forming substance is practically inert to

aldehyde reactions. Acid, and water soluble substances are washed out with
10 water.

Another method is taught in U.S. Patent 4,279,752, in which the use
of fine silica particles as pore-forming substances in the manufacture of
PVA sponges provides sponges with very fine pores. The coagulation of
PVA having degrees of hydrolysis as low as 85% is carried out in the

15 presence of an acid, base, or salt. Coagulation-causing substances and the
solids are substantially extracted from coagulated PVA. Silica is extracted
by alkali solutions such as lithium hydroxide, sodium hydroxide, potassium
hydroxide and the like. This patent is limited to making PVA membranes

with pore sizes from 50 angstroms to 10 pm.

10



5 pol yoxyal kyl ene gl ycol by extraction. The menbranes obtai ned according
to this invention have average pore sizes of 0.002 to 2 mcrons and show
excel | entwperfomensaance i n the separation of small particl epCTIUsSOD135RS

nmet hods of preparation there is shown in U S. Patent 5,494,940, U. S.
Patent 5,502,082, and U S. Patent 5,6541,234, the to preparation of highly
porous PVA hydlddePatent 4973273 hdisdlgsessthef prepasation of wiiforem parious
structures and articles made fromthose polynmers. The porosity in the

o vont. ey SRRt Ry ERRERa PR FERETR abraehe SOMtheBe 00”1

sol vent using a concentration gradi ent sol vent-exchange 15 process. This

process | elissolving agwllyekyalkydénd hbydoVAnioPVre aqueoussoheti freest andi ng
gels that afterward are covalently cross-linked with multi- functional

cross-linkin gents, preferably by diisocyanates. U S. patent, 5,6 573, 994
Ceaches a GopbuTitig fhe, Feshe sglugins to, Bt domsmiirme andispey igstheoans
conprising a cross-linked polyner having 20 interconnected cells

di stribut o1t 6% et blyedl¥yexth@iomk! T mRmtrages og)iam@ QRlCBPdH:

PCT/ US02/ 25%4 hat a c?ggg-?ﬁ%iag e polynmer be fﬁfst isso?veg td’égrn1a
stable solution. This stable solution_ is induced to phase separate into
pol yner r itehisnavepsiopmeaveiaperagepgreizes ah.Q0%to 2migrenyand show

cross-linked to mcroporous structures. This foamis capable of having
except| On%'x'c%lléﬁpbgrformance in the separation of small particles.

In other methods of preparation there is shown in U.S. Patent
5,494,940, U.S. Patent 5,502,082, and U.S. Patent 5,541,234, the
10  preparation of highly porous PVA hydrogel bodies having high surface area
and open cell structures and articles made from those polymers. The
porosity in the hydrogels is created by a process that exposes a PVA
solution to a gelling solvent and then gradually replaces that solvent with a
cross-linking solvent using a concentration gradient solvent-exchange
15 process. This process leads to coagulation of the PVA in the form of porous
freestanding gels that afterward are covalently cross-linked with multi-
functional cross-linking agents, preferably by diisocyanates.
U.S. patent 5,573,994 teaches a method for preparation of super
absorbent, microporous foams comprising a cross-linked polymer having

20  interconnected cells distributed throughout its body. The method requires

11



5 sorption rates. U S. Patent 5,200,786 teaches a nethod of manufacturing
hot water soluble towels, sponges and gauzes based on a PVA fi ber

st ruct ur ewORYN926f8 bers are sol ubl e i n aqueous sol uti ons alrerasapm@sexi nat el y
93C. The articles manufactured according to this invention are based on

fabrics made 1o from non-woven PVA fibers that have been either hydro
ent angl ed thathe cress-bokabkle polycrembe firstydissolied tootpenhestablrsolutionl es of
this invention are not typical sponges or foans but bonded or entangled

and 1 oams 111 81aelg sohPoh 18 KA {oPiase Bkl B RS il 4 SRUCPER 1
cross- 15 linked PVA hydrogels. U S. 4,098, 728 di scl oses a nethod for

i ncor por atp icp idepietedasieisel innddhelAhs polgmerds ceoglisclinkedye material such
as bari umtpsu fate g{?étG to 12 weight percent. 20 12 WO 02/092678

PCT/ US02/ 12524 U.S. Patent 5,071, 48 teaches, a osition co isin
conpl exes mw&mg@usawm%d%&m?m 1§ Gapakic Qgﬁ? & FXCERLIORALLYIRPA

applications such as in controlling infection by rel easing a desired
amount sof ¢,pefiHE rafes. @n antimicrobial agent. The articles nmade using this
conpl ex ar eﬁgdsg?u?&i n a 5 nunber of applications, especially in wound
dr essi ngs. )

U.S. Patent 5,200,786 teaches a method of manufacturing hot water

soluble towels, sponges and gauzes based on a PVA fiber structure. PVA
fibers are soluble in aqueous solutions above approximately 93°C. The
articles manufactured according to this invention are based on fabrics made
10 from non-woven PVA fibers that have been either hydro entangled, thermo
bonded or chemically bonded together. The articles of this invention are not
typical sponges or foams but bonded or entangled fibrous bodies that
perform functions typically associated with sponges and foams.
U.S. Patent 4,663,358 that issued to Ikada deals with physically cross-
15 linked PVA hydrogels.
U.S. 4,098,728 discloses a method for incorporating into an
acetalized PVA sponge, a radio opaque material such as barium sulfate at 6

to 12 weight percent.

20
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In other antimcrobial applications, U S. Patents 5,774,150 and 5, 928, 665
teach nethods of preparation of an antimcrobial material by creating a

conpl ex bwoweemerodi ne and acetal i zed foam Acetalized PVRCTfusamasah al so
be inmpregnated with a polyol fromwater solution to create 1o soft foam

that will not dry in air nor will it beconme rigid. The inpregnation wth
pol yol has anot hiI.SaE‘amIItai‘;Qﬂ;ﬂ@tdashﬁ asompesition cayuprising eemplexesat i on
of iodates and iodine oxide. Finally, US. 5, 071,648 teaches a process for

maki ng an i.m craobi Oor teri -hased t.al i - PVA sponge
conpri si n&%%ﬁ%ﬁ&g%él%ds]iaﬁ?’éﬁéﬁ{)dg%égs?ﬁhﬂ%f H (ﬁ'gggﬁ %«;ﬁ%ﬁqﬁ | es nmade
fromit are desirable for wound dressings or for uses in body orifices for
prevent i nguch astiatdoigrollimgerifection b3Qrelehsiy ARMRA7AnBGHE OS024itR5% | n hi s
book, Polyvinyl Alcohol Fibers, Sakurada (1985), in Chapter 9, reviews
different heat.treatnent procedures . for PVA f.ibers. For_exanple,.. he

descri bes AantmicTabjalagant; r g elenmadsasinghis complek aE-pseful 8@ | n
air at 200C to 230C for 10 to 30 seconds. Wet heat treatnment of PVA 5

fi ber ssi's fighbeoF aiplibAtiafs, WpeelANSirARBuARGsRgyeous sol uti ons of
inorganic salts such as ftor ‘exanple,” ammonium sul fate or sodium sul fate, at

around 130C. Both of these processes are believed to |ead to the increase
In other antimicrobial applications, U.S. Patents 5,774,150 and

D

5,928,665 teach methods of preparation of an antimicrobial material by
creating a complex between iodine and acetalized foam. Acetalized PVA
foam can also be impregnated with a polyol from water solution to create

10  soft foam that will not dry in air nor will it become rigid. The impregnation
with polyol has another advantage, that is, its presence accelerates
formation of iodates and iodine oxide.

Finally, U.S. 5,071,648 teaches a process for making an antimicrobial

absorbent material based on acetalized PVA sponge comprising binding

15 disinfectant dyes to PVA matrices. The articles made from it are desirable
for wound dressings or for uses in body orifices for preventing or abating

infections.

20
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of the degree of crystallinity and hydrogen bonding of PVA. Furthernore,

i n Chapters 8 and 11 of the sane book, coagul ation procedures for spinning
lo PVA fiwerog/omsirthig aqueous sol utions of sodi um sul fate amdTaiskziis2are al so
reviewed. Al of these procedures are of inportance for maki ng and

i mproving properties of cellular PVA hydrogels when using the nethods of
the present i ndarhisdrookTRalyviiyd Alé¢atroldribers| Sakundao( 1986)nm Chiaptdrar PVA

hydrogel s teaches 1s the use of chem cal neans, that is, the creation of

| ds: b PYA_nol biljze the cellul
C T M DY B ph PR R VA L6 5o Lo ™

the al dehyde famly, and high energy radiation such as el ectron beam or
gama- r ay headiésceibeshtypical drgdicut trdatmeheblf P \AAdIbbtSthat &y 8h@i¥d dut
cross-1inked PVA hydrogels insoluble 20 in any solvent. 14 WO 02/ 092678
PCT/ US02/ 12524 Acetal i zed PYA sg es made by al dehyde, have tié%zcal ly 25
to 55% aHab2PRRCAeel3078ddor 1 %ﬁlﬁeqomst | Wet hegt treptmeneetPVAd. Such a

hi gh degree of acetalization of PVA is necessary for covalently

Fovever, | AT Gatted 8870 ahcull Fyk R RRnE RO CRGATRES o oo

many hydroxyl groups that nmay significantly change bioconpatibility
char act er iinbrgnic ldalth sudhgises extangsle} ahindenivgn sol fatyor spdigasultite fats o

| npose severe limtations

around 130°C. Both of these processes are believed to lead to the increase
of the degree of crystallinity and hydrogen bonding of PVA. Furthermore,
in Chapters 8 and 11 of the same book, coagulation procedures for spinning
10 PVA fibers using aqueous solutions of sodium sulfate and alkali are also
reviewed. All of these procedures are of importance for making and
improving properties of cellular PVA hydrogels when using the methods of
the present invention.
Thus, the prior art relating to making cellular PVA hydrogels teaches
15 the use of chemical means, that is, the creation of covalent bonds between
PVA molecules to permanently stabilize the cellular PVA structure. Most
often used, as cross-linking agents, are those from the aldehyde family, and
high energy radiation such as electron beam or gamma-ray, all of which
create intractable and thus, covalently cross-linked PV A hydrogels insoluble

20  in any solvent.
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for a nunber of uses because of sone undesirabl e physical properties of
such PVA sponges. For exanples, high degrees of cross-linking of PVA 1o
sponges dwamadwat |y |imts the pol yner chain nobility makcCrgsat/gsby
cross-1linked PVA hydrogels hard, rigid, abrasive and sonetinmes too brittle,
especially when dry, or_|ow water content h dro el s are obt a| ned. The

hi gher the ext detalized BVA ispaniges nadd PR rheste, typieallaBPdei ve, nore

rigid and m)re hydr ophobi c, PVA sponges becorre 15 The inventor herein has

o £ound 3 AR SRR eI PRGB! FISLPLL B Sk b o VA

frothing rret hod. The invention herein teaches the nethods, processes and

the |'i ke hogh dekiewofindetabidafiphnef PVdpes hecsssaty fortovdlentlp\tosydinkgdl s by
using solvent and/or heat treatnent, tailoring 20 properties in w de ranges

D R e B eheaBaP i Bk Shaal it SRR . i

manuf acturing articles fromphysically cross-Ii nked cel lul ar PVA

nydrogg! s debfied B icbfaYRatoATbf PYIAIRdAdy 108 10¥s S0 b NEIGRY PEFGUSs Of
surface actrve agents can be used to produce cellular”PVA hydrogel s havi ng
remar kabl e tensile properties and 5 exceptionally w de ranges f phyS| cal

pr oper t i ethatoneysgeificanslypehangebiopesnpatobility Qh@rmt@msa@Sf &h
preparation of cellular PVA hydrogel s by using various nethods t 0 i nduce
physi cal @eBi&es of acetalization of PVA sponges may also impose severe limitations

for a number of uses because of some undesirable physical properties of

such PVA sponges. For examples, high degrees of cross-linking of PVA

10 sponges dramatically limits the polymer chain mobility making highly
cross-linked PVA hydrogels hard, rigid, abrasive and sometimes too brittle,
especially when dry, or low water content hydrogels are obtained. The
higher the extent of acetalization of PVA, the harder, more abrasive, more
rigid and more hydrophobic, PVA sponges become.

15 The inventor herein has not found any reference for preparing
physically cross-linked cellular PVA hydrogels by using either extractable,
pore-forming materials or a frothing method. The invention herein teaches
the methods, processes and the like for making and modifying properties of

cellular PVA hydrogels by using solvent and/or heat treatment, tailoring

20 properties in wide ranges by selecting desirable processing parameters
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| i nki ng of the PVA nol ecules free of any additive or any dangling or
unreacted functional groups. Another object of this invention is to provide
lo for thwopreparati on of cellular PVA hydrogel s by usingPaTMisde12sange of
hydr ophi l'i ¢, hydrophobi c and bi odegradabl e pore-fornm ng materi als which

can be renoved fromthe physically cross-1linked PVA network. Yet another
obj ect i ve amid/onhipleenkanpasamieters @ fmampaerentsrandhal spripavfadtaringfartieldsul ar
PVA hydrogels by using a frothing nethod. 15 Still another objective of

pr oper (1 e ot R BoRPKPITETITP YA byiRogdts, T8 i ibHEIGH,
paraneters of all ingredients and processing paraneters such as, for

exanpl e, twrleepdngiels off pdreafbirntngneatiridls oesayfaet vtk agems chiide used
pore-formng material, the nature and formof pore-formng materials; the

16 WO 02/092678 PCT/ LJS02/ 24 nature of .the surface active agents, d the
ise of - solpanPIBEE selmiT BNA Rydrosdls davine femaskatotessie prsipsiand
properties of cellular PVA hydrogels. Yet another objective is to disclose
met hodg t xeahHonand Wi é%%e%'ﬁgb 41 gliss.r adi o opaque and finally,
there is an ogj ect Pg:a odf 5 scl s}?}?\%btﬁﬁe%?grrﬁ Séxi ng of iodine and the PVA

hydrogel s and the binding of other germcidal agents to such PVA matrices
in the cel | ul arOpwabjestive g this imventiprEsto provide for the preparation of

cellular PVA hydrogels by using various methods to induce physical cross-
linking of the PVA molecules free of any additive or any dangling or
unreacted functional groups. Another object of this invention is to provide

10 for the preparation of cellular PVA hydrogels by using a wide range of
hydrophilic, hydrophobic and biodegradable pore-forming materials which
can be removed from the physically cross-linked PVA network. Yet another
objective of this invention is to provide for the preparation of cellular PVA
hydrogels by using a frothing method.

15 Still another objective of this invention is to disclose a process for
tailoring the physical properties of cellular PVA hydrogels by selecting
proper molecular parameters of all ingredients and processing parameters
such as, for example, the extent of loading and efficiency of packing of the

pore-forming material, the nature and form of pore-forming materials; the

16



The invention disclosed herein deals with physically cross-linked io

cel lul ar PVA hydrogel s prepared in one nethod by renoving pore-formng

mat er i al swbroemvaehee matrices of the cellul ar PVA hydrogel spcarusor/msanot her
met hod, frothing PVA solutions to formcellular PVA hydrogels. Wth nore
specificity, there is disclosed one nethod of preparing physical

Cross- | i ninatureof thesutface agave agents, audibd usord solvent treatrentand heabf
provi ding a pol yner capabl e of being physically cross-1linked and dissol ving

the polyner in a [ al i.ch 4i solvent for the PVA-AOL y xture of
o vent o gttt FERCEdResB ol BeiBibehies 8L bRy ALy dogli' hie
formed is mxed wwth a pore-formng material and then brought to

condi tions at vilfieganbtiterpsijyotve it td diseliescometROdPty sblor arkl/os mdkienki ng.
Thereafter, the mxture is brought to about room 17 WO 02/ 092678

PCT/ US02/ 125 erature and the solv s are renpved py a nethod that
does not wéﬁﬁ’&nﬁm%e&w 19@%%%@5%%&&5% e, obJecHYerRt 1 ces or
the pore- formng material. The physically cross-linked matrix is then
heat ed :f org; | ﬁ,?]@,' i : ' : i cal
crossl i5nkidr%301%? ﬁ%ﬁfeheg%?y | nylflg %ﬁgodih%‘% QﬁglttPIE;?\‘? %ﬁ%y(?ﬁ%n&%gféﬁﬁghl@@
cross-linked matrix to about room te%erature and renovi ng the

por e- f or miofoothar germicidpl agemntarto sucht PYdematrioes én ¢n¢ celulariBVAf f ect t he
cross-linking. Such a process provides sponges

hydrogels.
THE INVENTION
The invention disclosed herein deals with physically cross-linked
10 cellular PVA hydrogels prepared in one method by removing pore-forming
materials from the matrices of the cellular PVA hydrogels, and in another
method, frothing PVA solutions to form cellular PVA hydrogels.
With more specificity, there is disclosed one method of preparing
physically cross-linked cellular hydrogels, the method comprising the steps
15 of providing a polymer capable of being physically cross-linked and
dissolving the polymer in a material which is a solvent for the PVA, or a
mixture of solvents for the PVA, to form a solution.
Thereafter, the solution thus formed is mixed with a pore-forming
material and then brought to conditions at which the polymer will undergo

20 physical cross-linking. Thereafter, the mixture is brought to about room
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havi ng col | apsed walls. 10 Wien these steps are essentially followed, there
Is provided a cellular PVA structure which has thin or collapsed walls

havi ng hiwyb o2omsps essibility in the wet state and the dryPSTaiSe?/12404
exceptionally strong and tear resistant, and a nore or |ess abrasive,
rugged cel lular material. However, when the step with regard to renoving

t he sol vertemperatiirp ped, thesol eentstara gemovedshy aenetheskthat doesmiodl , and/ or
when the heat treating at elevated tenperatures step is not carried out,

Lo A g U R
physi cal ly cross-1inked PVA hydrogels. Another point at which heat

treat nent foamibe nesteriabd out is after the 20 hydrogel is brought to room
tenperature and the pore formng material and 18 WD 02/ 092678

PCT/ US02/ 12524 al | solvepts have been repovedq. This point of, heat freatnent
is also eff ectﬁbeepﬁﬁsﬁﬂyfqpﬂﬁ?&ﬁﬁp@]%’ﬁ 13 g@%ﬁe@@ﬁlﬁﬁpmﬁﬁiﬂ%ﬁel s,
but the <cellular article would have a reduction in its size and shape and

a redugti 9g furthe fciiadl the Ge%ﬂ;%f)@f g%;ﬂ%ﬁ??ms@liﬂgx}% ?E%Hé TS%[SEViﬁ?P not be

done it solvent Is present because sical cro ing sites”of PVA will
be destroyed and the hydrogel will revert to a PVA solution. Thus, all

sol vent s fabeollamntrixs, ard teen caoling the cooss-hoked matrix teeaboutarodm carri ed
out effectively for purposes of this invention.
temperature and removing the pore-forming material by a means that does
not significantly affect the cross-linking. Such a process provides sponges
having collapsed walls.

10 When these steps are essentially followed, there is provided a cellular
PV A structure which has thin or collapsed walls having high
compressibility in the wet state and the dry state, an exceptionally strong
and tear resistant, and a more or less abrasive, rugged cellular material.
However, when the step with regard to removing the solvent is skipped,

15 resulting in a solvent based material, and/or when the heat treating at
elevated temperatures step is not carried out, the resulting cellular hydrogel
will have fully expanded, fully hydrated, cellular walls, which are familiar
to those skilled in the art of physically cross-linked PV A hydrogels.

Another point at which heat treatment can be carried out is after the

20 hydrogel is brought to room temperature and the pore forming material and

18



An alternative nethod of inducing physical cross-links is to imerse 1o
the m xture of PVA and pore-formng material directly into (a) a solvent
for the wologiexs78if the bath is kept at a | ow enough tenperaisor/essd t hat
it does not actually dilute the polyvinyl alcohol solution rather than gel
it; non- solvents, or poor solvents, for the PVA, or (b) aqueous solutions
of a salt all salventohavabeenremiovedi Hhis pointyoflaehtiteatpensgsalace pore
formng materials 15 into the PVA solution, which after partial dissolution

pua mat 11 £ U mettyihg JBY BRop T S BB TAT USRI e o o urc

or heated at elevated tenperatures bel ow about 180C. The preferred nethod

is to i meelalihertidle wouldhaval & ebdiction iwitssirey ant shapeandsatedudtorand
aqueous solutions of 20 salts and bases. They work under a w der range of
condi tions. _The,onl 59 WD 02/ 092678 PCT/ US02/ 12524 limtation for their
use is th&’f’lthﬁ&z%%%@é ape O HMCHt or above t he degradation tenperature of
the PVA and the pore-form ng material. When one uses solvents for the

pol yvi gyl ~al cohfeRq}-dR{ert o kBt’B@‘éﬁm%“i'f‘éUl@éﬁt i%fpréﬁéﬁtsb@c%u"sé?h idalmedi a,

to induce physical cross 5 Iinking, one has to be ‘careful how y are

bei ng used. This is because the nmedia inherently tends to preferentially
m x wth erosilinkingtsitesrofP Vifewillbe dgsiroyed enddhe dutdragehwiill revertitera t hen
gelling the PVA. When the correct conditions are selected for these

sol vents ghgAag|d%iont "Pius 31 56RIEHEs for PVA have to be removed before heat

treatment can be carried out effectively for purposes of this invention.
An alternative method of inducing physical cross-links is to immerse
10  the mixture of PVA and pore-forming material directly into (a) a solvent for
the polymer, if the bath is kept at a low enough temperature so that it does
not actually dilute the polyvinyl alcohol solution rather than gel it; non-
solvents, or poor solvents, for the PVA, or (b) aqueous solutions of a salt,
acid, or base or the like, or by adding appropriate pore forming materials
15 into the PV A solution, which after partial dissolution in the PVA solution,
will cause formation of physical cross links in the PVA matrix. In all these
cases, mixtures can be held at room temperature or heated at elevated
temperatures below about 180°C. The preferred method is to immerse the
polyvinyl alcohol in non-solvents, poor solvents and aqueous solutions of

20 salts and bases. They work under a wider range of conditions. The only
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formati on of the physical cross-links in the PVA solution. In order for the
I 0 solvents and aqueous sol utions of acids to induce physical cross-Ilinks
in the pwbyeiossls al cohol sol ution, they have to be kept @CTIusee/eseugh
tenperature. The primary reason for lowering the tenperature is to | ower
the solvation power so that they will preferentially induce physical

cr oss- | i nkimitatibarfor their usexswhattheyecamaitheomsedi st @oabewve thet ed aci ds, and
aqueous sol utions of acids such as, HClL and acetic acid, and solvents such

as di met hy] sul foxi de and wat er S at ro i rsi-on nedia, kept at |ow
Cenper at ueeradetins FeRBRrEn PE ARS BN ot RBBRBASSl ne' | nvent or
herein and several cross-linked materials were obtained with reasonably
good physi cal - PNBREISTeseINEnAARIRE Tl PG ISR yhRatdIar et hod of
i nduci ng physical cross-links is by diréctly ‘renoving original solvent
fromthe m xture o&{ll?VA and pq%;a-formgg terial. It should be noted that
the met ho@aWsOUSsekutions of acidsys the bath mediz todnduge physicalicERSSael | when
cel lul ar PVA hydrogels are prepared by the frothing nmethod. It is

| mport ant keep..i '

st abi | ?ze&{rﬁ(lﬂr{lgt Bnﬁ;h ag‘ggfqetngﬁiegﬁ IQE Q%%?%t}g?r}psﬁe#gpﬁ?g" 12@? ?)?g&?%lkl%sthet reat ed
by sol vents or aqueous solutions of salts, and the |ike. The nethod for the
nmodi i cat imediasinhienentdy tendsotd prefpramgallynmix with or dilute the PVA when

brought into contact with it, rather then gelling the PVA. When the correct
conditions are selected for these solvents and acids, they can induce
formation of the physical cross-links in the PVA solution. In order for the

10  solvents and aqueous solutions of acids to induce physical cross-links in the
polyvinyl alcohol solution, they have to be kept at low enough temperature.
The primary reason for lowering the temperature is to lower the solvation
power so that they will preferentially induce physical cross-links rather than
mix with the solution.

15 Concentrated acids, and aqueous solutions of acids such as, HCI] and
acetic acid, and solvents such as dimethylsulfoxide and water, as a bath or
immersion media, kept at low temperature (at or below room temperature)
have been used by the inventor herein and several cross-linked materials

were obtained with reasonably good physical properties.
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1o physically cross-1linked cellular hydrogels conprising the steps of
providing a polyner capable of being physically cross-linked. Thereafter,
di ssol vi \yo ogadd7$ol ymer in a solvent selected froma singiCe/tsor/vaset for
the PVA or a mxture of solvents for the PVA to forma solution. The
solution so formed is then mxed with a pore-fornmng material and then the

m xture is brouyhothes methad ehpetuxing physicadcdoss-tinks as byrdindetlyhe pol ymrer

wi | | undergo physical cross-linking. The m xture is then brought to about
room tenperature and. then th arez form.n hal.s; are renoved by a
et hod t hapRiayage B feing] et s ha thReir: AEPYAZAY Bhe-FETELs "o " he
PVA hydrogel. 20 21 WO 02/ 092678 PCT/ US02/ 12524 In both of the

af or enent imadiagiet hods it is contenplated within the scope of this
invention to wash the cellular material with water if it is deened

necessary. Also, it iig,.to be noted that when sg]vent extraction is used in
the nethod, i.elt shosld hevapied;that &}ﬁ)mh%@ MI%WIW@HM@@SW@O‘@
physi cal properties of the cellular PVA hydrogel nay be significantly

nodi fi ed, ' | g used.
Aso, Tt RO TS el R CIRIEL PR BBl A DR by e T he
hydrogel obtained are sufficient so that the heat treatment may not be
necessary feothang mathodi tIh is empottand to keeprinpaimad that the frothed stgpeture
sol utions that are useful
needs to be stabilized first, by cooling to a "lower temperature" before it is
treated by solvents or aqueous solutions of salts, and the like.
The method for the modification is thus a method of preparing
10 physically cross-linked cellular hydrogels comprising the steps of providing
a polymer capable of being physically cross-linked. Thereafter, dissolving
said polymer in a solvent selected from a single solvent for the PVA or a
mixture of solvents for the PVA to form a solution. The solution so formed
is then mixed with a pore-forming material and then the mixture is brought
15 to a temperature or conditions at which the polymer will undergo physical
cross-linking. The mixture is then brought to about room temperature and

then the pore-forming materials are removed by a method that does not

significantly affect the cross-linking sites of the PVA hydrogel.

20
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in this invention, the PVAis dissolved in a single or m xed solvents such
as, for exanple, water, organic solvents, m xed solvents which may include
wat er / watwo oiogwirdl e or gani ¢ sol vents or m xed organi ¢ SoPCEMISS2/@S240qUEOUS
solutions of inorganic salts, acids, or bases. The instant invention does
not 15 appear to have any limtations on the choice of or nature of the

sel ected sol vdntbathedthetadfaremantioned methods\hisoenteneplatddipiithinthehe
chosen solvent or m xed solvents. Typically, the choice of the solvent

and degr eacgpe ARy hEichYd WSl SRRy el el Wit SOl if Ceq (0 "
create cellular 22 WD 02/ 092678 PCT/ US02/ 12524 structures, the extent of

the post tdeeaigtbnécéssaiyeAos $einde Ins notd et velnae sobfent kxtraotivaris and
particularly by the desired final physical properties of the cellular PVA

hydrogel s. The prefer e%yaverage egree of polynerization of, the BVAis
above 5 1sedan'th pnethad, Le; Had solyedt is F@negsd@énﬁrtsﬁmq@aae of the
PVA, the nore desirable are the nechanical properties of the cellular PVA
hydroggl s pivRHAIY thePbelAPay PV AZR}d l%ﬁfb&@ ifieautlyl, 000, such
as, fo‘rg gx;%%e\ﬁgbgﬁt?%{) , cane g‘%lso be ﬁgé&%f%g makKe ce?%l}ﬁar PVA hydr ogel s
according to this invention. However, such cellular PVA hydrogels may not

1o have suwhédifiedhtdepending nadhemature of theexirastion sotvent eing used. PVA

concentrations. Sonmetinmes, heat treatnents according to the nethods
Also, it should be noted that in some cases, physical properties of the

hydrogel obtained are sufficient so that the heat treatment may not be
necessary at all.

10 With regard to the preparation of the polymer solutions that are useful
in this invention, the PVA is dissolved in a single or mixed solvents such as,
for example, water, organic solvents, mixed solvents which may include
water/water miscible organic solvents or mixed organic solvents or aqueous
solutions of inorganic salts, acids, or bases. The instant invention does not

15 appear to have any limitations on the choice of or nature of the selected
solvent except that the incipient PVA must be soluble in the chosen solvent
or mixed solvents. Typically, the choice of the solvent that is used to
dissolve the PVA is based on the degree of polymerization and degree of

hydrolysis of the PVA, the nature of the method used to create cellular
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herein may provide good nechani cal properties of such materials. The degree
of hydrolysis of the PVAis also a critical nolecular paraneter. The

pr ef er r edwoegnew7of hydrol ysis of the PVA is higher than B8T/Usbypmsecent. |f
cellular PVA gels having high strength and high tear resistance are
desired, then the preferred degree of hydrolysis of PVA nust be greater

t han 95 petmieturesathe éxteny ofiftbe plogt treatuent in thesprasente or ewn-presepeef er r ed
degree of branching is a mninmum anount of branching, and highly preferred

the PvA sQuPpanTyetang BlCay by B kil TRgL phsical phaSqiERan A °" ©
concentration of the PVA solution useful in the nmethods of this invention

wi || dependllupanPVire hgdasgelsof pol ynerization, degree of hydrolysis of the
PVA, the desired properties of the cellular 5 hydrogels, the nature of and

t he amount of | vent_, used to make the PVA.  soluti.on, dis tio
t enper at ur e, tﬁglenﬁﬁfﬁgeéfa‘f%@g% ereoPhdRlymarigatign qf&hem%c’és%’%r e the
nmet hod used requires the pore-formng material, the extent of |oading of

pore farm 10900?%%?&1%%%% Hi%g% ?J%é‘ ﬂ@g%é@oﬁﬁéﬁ?ﬁeﬁ%aﬁ@ﬁ lof the Py AE 'E‘ltlef-1 es uch

as sol vent “treat t eat “treat e nature 10 of t
extraction of solvents, and in the case of the frothi n? nmet hod, the nature
ti2y

of , and t yperedesisablesare the mechanmeal propesties of dhe celular BMA hywduigelsr s
that are used in the nethod.
PV A with degrees of polymerization lower than about 1,000, such as, for
example about 500, can also be used to make cellular PVA hydrogels
according to this invention. However, such cellular PVA hydrogels may not
10 have sufficiently good mechanical properties especially at low PVA
concentrations. Sometimes, heat treatments according to the methods
herein may provide good mechanical properties of such materials.
The degree of hydrolysis of the PVA is also a critical molecular
parameter. The preferred degree of hydrolysis of the PVA is higher than 88
15 percent. If cellular PVA gels having high strength and high tear resistance
are desired, then the preferred degree of hydrolysis of PVA must be greater
than 95 percent, and fully hydrolyzed PVA is most preferred. The preferred

degree of branching is a minimum amount of branching, and highly

preferred is no branching at all.
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Wth regard to the frothing nethod, any solvent that is used in the pore
formng nethod can al so be used as long as the PVA is soluble in the 15
chosen sowoent9zmmel t he gas bubbl es formed by frothing canPoe/usbzanskd zed in
t he PVA solution until physical cross-linking of the PVA takes place. As
above, the choice of the nature of the solvent used to dissolve PVA is
based on the dég eenedntpatigmefithaf VoA solutidags betotendd and<siG weight/A t he

avai lability of appropriate surface active agents for stabilization of gas

and. par 1 S5SRR Te ReEer panRby i ofsfie PN iftioh iReRRin e UR"

hydrogels. Also in the frothing nethod, it is preferred to froth the PVA

sol uti ons methowls dfonlvis ﬁmzart&tmmna&fpvmpmmef degess of ﬁolyfherikmem, t he
tenperature, 5 the nore stable the froth and the | ess shrinkage will occur

when the fyoth i coojed tqQ.in hysi cal , cr ossl.i nki of .PVA. It is
critical CRIQ i}W&roiMSb? H?FEF g%&hﬁ’%?‘%@ﬂ Bf(?m,esmgﬂp\ﬁl Tutions are

in a sufficiently fluid state at the selected tenperature in order to be

able tg fggldt}ﬁgel%mgéf Renf¥taMind e Am@uit oF sobvalal el toafak¥ thePWAL ure and

activity surface active 10 agent being used, the thickeners, and the
amount of the each of the above added to the PVA solution and the type and
the rate solutonadisselutiniemperatuie the natute efctherponeeforonaganatarialdnd t he
nature of porosity of the cellular PVA hydrogels.

the case where the method used requires the pore-forming material, the
extent of loading of pore forming material, the nature and the extent of post
treatment, such as solvent treatment and without heat treatment, the nature
10  of the extraction of solvents, and in the case of the frothing method, the
nature of, and type of, surface active agents, foam stabilizers and thickeners
that are used in the method.
With regard to the frothing method, any solvent that is used in the
pore forming method can also be used as long as the PVA is soluble in the
15 chosen solvent and the gas bubbles formed by frothing can be stabilized in
the PVA solution until physical cross-linking of the PV A takes place. As
above, the choice of the nature of the solvent used to dissolve PVA is based
on the degree of polymerization and degree of hydrolysis of PVA, the

availability of appropriate surface active agents for stabilization of gas
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When an aqueous solution of PVA is used for frothing and for 15 | oadi ng
pore-formng material, the physical cross-linking of the PVA can be

acconpl i sWed2l0926381bj ecti ng the PVA froth, or mxture of PY&T/tm02i13304 e-
formng material either to a single freezing and de-freezing, or repeated
freezing and de-freezing cycles or, freezing and then conplete or partial
freeze dryiublples;dhe nas thiet posttirertniend emidnparticularthy bydbe dasarabdeueous 20
solutions are frothed these nethods nay produce relatively weak cellul ar

25 WO 02/ 092678,PCT/ USO2/ 1 PV rogel therefore, it is advantageous
to subj ectp%tyﬁbqféWQHPgbeéﬁggg%ﬁu}ﬁ‘ﬁ%aﬁél%ﬁgﬁgﬁlspost treatment such as sol vent
or heat treatnent, the processes that induce additional crystallization,

and thus |ead tAlsarini thiprfeygiing method ivBi preferred pe trothsthelP¥al solugionSVA
hydrogel s. As noted above, before 5 solvent and/or heat treatnment can be

used, the frothed structure has to he stahilized first by cooling to
i nduce sor@ﬁaﬁh@é’l emperagate- ag praeticglly paess ble- é@%@meﬁth& RRIABHE: has
typically an advantage over the use of other PVA solutions because of the

ease of frALMhGG ﬁ%ﬁg%ﬁ{%@*ﬁétﬁﬂihé%ﬁ §H1ﬁ?l§arge°ﬁriﬁ'dé@ﬁ9' WierPRRY froth e

present invention s to tai 0 the porosity pore size
and pore geonetry, the pore size and pore geonetry distribution, and other

physi cal mooped to esdude physicaherarslinking of#\sAadti1s eriticel thatdaing r om t hem

Al'l of the physical properties of the cellular PVA hydrogels can be varied

wi dely by ﬁ’&ﬁﬁé‘ SERAQFRPA! &oquﬁSHQ,i % 2881utions are in a sufficiently fluid

state at the selected temperature in order to be able to froth them. The extent
of frothing is determined by the nature and activity of the surface active

10 agent being used, the thickeners, and the amount of the each of the above
added to the PVA solution and the type and the rate of mechanical mixing.
This in turn determines the extent and the nature of porosity of the cellular
PVA hydrogels.

When an aqueous solution of PVA is used for frothing and for

15 loading pore-forming material, the physical cross-linking of the PVA can be
accomplished by subjecting the PVA froth, or mixture of PVA, and pore-
forming material either to a single freezing and de-freezing, or repeated
freezing and de-freezing cycles or, freezing and then complete or partial
freeze drying under vacuum without de-freezing. In the case when aqueous

20  solutions are frothed these methods may produce relatively weak cellular
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nol ecul ar paraneters of PVA and the nature of solvents and other 15
conponents. All of the physical properties can be further varied by

sel ecti ngwproopegas7gondi ti ons for sol vents, aqueous sol uti omET/Us02/thsy4 wet
heat treatnent. For exanple, cellular PVA hydrogels can be very soft to
very hard, firmand_ abrasive, very fine and delicate to ruy(? very

tough, eftéAthydrage)s,dheraforeyritiis advantegeeusto subjees theseshydiogels to
exceptionally 20 high conpressibility and expandability in wet and the dry

hor o wat ortdrehe) BesPHER et e A5 S0t of G befRP¥hEdRS %?@%é#%éﬁ

such as controll ed expansion during hydration. In this invention,

pr ef er r ed that midaceaddelitiohal veyishallizatiBiAasdithtis bendto eﬂxen@tredemmw at ur es
in inert atnospheres, typically at 60 to 5 160C It is also desirable to

pr e- heat eri al Y, a tur that of the
PVA sol ut |P2W3mtl &rOPSﬂmfgﬂguwt‘Zé }F?(fg'og?iﬁ {8 {g)(ﬁﬂg‘éﬂ’eat OF/A sol ution
is mixed with the pore-formng material, the mxture is cooled to bel ow

160C Whi clyolPantIhddr hedt Aealie ﬁ:&ﬁ?b@‘ﬁseﬂoﬂrﬁcﬁ“@ﬂ%@&@u&ﬁﬁ‘e fasBtHeon of

physical crosslinking sitées. The [oading 10 tenperature of the material and
the tenperature at_which cross-linked PVA network will be formed is a

functi on ctabilized\st bicooding tomduas saune physical snesserlinkingndUsobfer, t he
nature of the solvent used to dissolve the PVA and the nature, and extent

of I'oadi ng 2ad, L RVA! &uBbnbHak't§Bl@ifPa hab Bftage over the use of other

PVA solutions because of the ease of frothing and generating stable froth.
As eluded-to above, the present invention discloses methods to tailor

10 the porosity pore size and pore geometry, the pore size and pore geometry
distribution, and other physical properties of cellular PVA hydrogels and
articles made from them. All of the physical properties of the cellular PVA
hydrogels can be varied widely by varying processing conditions and
molecular parameters of PVA and the nature of solvents and other

15 components. All of the physical properties can be further varied by
selecting proper conditions for solvents, aqueous solutions, or dry-wet heat
treatment. For example, cellular PVA hydrogels can be very soft to very
hard, firm and abrasive, very fine and delicate to rugged, very tough,
exceptionally strong and tear resistant, have a very low to exceptionally

20 high compressibility and expandability in wet and the dry states, have
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pore-formng material. 15 The extent of |oading and degree of packing of
renovabl e, pore formng materials are defined by the degree of desired
por osity wb oehg2e7gel | ul ar material, desired wall thickneseCofusppizse4 and
whet her "skin" on the surface of the cellular nmaterial is desired or not.
The pore size, pore geonetry and pore size and pore geonetry distribution
of cel | ul avideYavatyimgieappeity teaholsewptardnbpolar solventseandynaeheeei ng t he
pore-formng material 27 WD 02/092678 PCT/ US02/ 12524 havi ng appropriate

aranetersg,, . = korm.ng. ' 145, | - ar i ds or
i ds. - HAEE RS PrbBRHTTURHA foflrelfl b4t S SRt halota0l e
or thermally degradable, can be renoved fromthe physically cross-Ilinked
PVA matrix. Thénrthiwiralention, livisprdfonkdsbadiedterialsywithethler WA on wi t h
wat er, or m xed solvent of water and water m scible solvents, or

extraction w th hydrophilLic or hydrophpbic organi ¢ so] vents o I Xt ures
Cher of . Goljon ok slevaled sempesalines Bhinest aySspheiesyomncalyah6940 ¢ her mal |

vacuum evaporation, radiation, biologically induced degradation, and the

i ke. 10 TFhgofacis: _ f thnNventi on
are pr%od ulr(@dt\?vi %%ltgt?? g? Eggiﬁggéo‘{ra ﬁ{ﬁ tﬁlé@tf %%g??%ﬁgqq tgrag}sdg 8?%11%%? ﬂ(?)ér3 any
other additives required to create covalent cross-linking sites, is a very

desi r abl e safreatemperfaturehysithegefthePVAcsolation prientaaddition to treBVAAI
applications. A
solution. After the PVA solution is mixed with the pore-forming material,
the mixture is cooled to below 160°C which may go as low as 0°C or below
to accelerate the formation of physical crosslinking sites. The loading

10 temperature of the material and the temperature at which cross-linked PVA
network will be formed is a function of the PVA concentration, molecular
parameter of the polymer, the nature of the solvent used to dissolve the
PVA, and the nature, and extent of loading and the size of particulates of the
pore-forming material.

15 The extent of loading and degree of packing of removable, pore
forming materials are defined by the degree of desired porosity of the
cellular material, desired wall thickness of pores, and whether “skin” on the
surface of the cellular material is desired or not. The pore size, pore

geometry and pore size and pore geometry distribution of cellular PVA

20 hydrogels can be precisely controlled by selecting the pore-forming material
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need for such bul k PVA hydrogel s has been consistently enphasized in the 15
scientific literature. However, the present invention now provides novel
rout es t owproepgases cel | ul ar PVA hydrogel s without the use @®CTaVAI®AL Cross-
linking. It is believed that the physical cross-I|inking through
crystallites and hydrogen bonding are resgfnsible for exceptional physical

propert i ehaxing appoepiiptet parametersofThehpetes fonnying waterialsafdhisinventiaagel s.
28 WD 02/ 092678 PCT/ US02/ 12524 The cellular materials of this invention can

the ci me. ehacolfls haRfiidbobl il G EopRABlc BB o B e Tt

the frothing step is performed in the frothing nmethod. Such radi o opague

mat eri al s bivdegfadable; drahiengahi dablencad drstcnhesedi ficbrn thé phesidally ar e
not limted to, bariéém sul f at gfmlo%ggrrut t?qsuboxi de, gold and the |i ke.y Radi o

opaque material.s, c added_jn varioys anounts to,.cellular PVA

hydr ogel s,crﬁ%ﬁliﬂ"k?ag%{}&@qt@%l remQ¥sn CAn; a%uppbgﬁaéiegﬁﬁr &rcent based

on the weight of PVA. \Wen higher visual contrast is desired, the higher

| evel s sof hkadichio pﬁﬂ%ewﬁ?ér?bt%ixeﬂosdl%ﬁt dPwifer &Y&Wéﬁfrﬁgciblé o the walls
PVA hydro The el Iul I

of cellular gel's. c ular materials of this invention are
colored with non-elutable, non-toxic pigments or dyes, typically by

di sper si ngolventspboexiractionwish hydrephilid enhydesphabicargant solyantsfor he
pore formng material. Coloring can al so be done after the pore-formng

materials ntfﬁéfﬁr&et%%régﬂ%\f%%l IAQM SPYSCofi B by other means such as
thermal, vacuum evaporation, radiation, biologically induced degradation,
and the like.

10 The fact that the cellular PVA hydrogels of the present invention are
produced without the use of multi-functional cross-linkers or any other
additives required to create covalent cross-linking sites, is a very desirable
feature for hydrogels particularly when used in biomedical applications. A
need for such bulk PVA hydrogels has been consistently erﬂphasized in the

15 scientific literature. However, the present invention now provides novel
routes to prepare cellular PVA hydrogels without the use of covalent cross-
linking,. It is believed that the physical cross-linking through crystallites and
hydrogen bonding are responsible for exceptional physical properties and

biocompatibility of physically cross-linked PVA hydrogels.
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I's linked PVALmatrices by placing the sponge into the sol ution containing
the desired colorant. The col orant can be stabilized in cellular PVA

mat ri x bywodegpasgs and t hen heating the dry cellul ar PVA neCTiosowdseh may

i nduce chem cal binding, when possible, between the dye and the PVA which
woul d then immobilize the colorant. The cellular materials of the invention
20 can al so be Theseelldlag saatgnials nlithisanveationdands eeleradioy rendsrad e by 29
WO 02/ 092678 PCT/ US02/ 12524 incorporating suitable plasticizers, such as,

DUt a0t R A i GEDRIB R af g Byl B Bk BBe 2

et hyl ene glycol, propylene glycol, diglycols, diethylene glycol,

tri et hyl efermling ehatetiaby areyaddel, @rnatdhe thmé that ﬁhBYﬂreﬂﬁngBYQﬁis neopentyl
glycol, tri glycols, glycerin (1,2,3- propanetriol), trinethylol propane,

trimethylol ethane, triethyl ene glycaol, rapanedi ol , but anedi o] ,
hexaned: oipesRmis inbis Frotingomeedd s Sneh Bdib Coadpi: %P Jadse of
vari ous nol ecular weight, trinmethyl or triethyl ~citrate, nmethyl or ethyl

lact at g, 'lﬁ‘xz'ﬂﬂ$ )hﬁ’%h Rldbttord H¥A S RE AR int1®ddBut! fe not limited to, barium

2( hydr oxynet hy , 3-propanedi ol and the m’xtures thereof. The use of

triethylene glycaol is especially preferred for plastization of the sponges
used in ﬁubﬁgaéalblamthcsau%me,agcddtm theelike. Ragdieopaqueanatentalpcastbeci zer

needs to have |ow cytotoxicity. The nechani cal properties of the PVA gels
of this I nvelii8V88uLsmounts to cellular PVA hydrogels, usually at the level of
from 1 to about 35 weight percent based on the weight of PVA. When
higher visual contrast is desired, the higher levels of radio opaque material
10 need to be incorporated into the walls of cellular PVA hydrogels. The
cellular materials of this invention are colored with non-elutable, non-toxic
pigments or dyes, typically by dispersing the colorant in the PVA solution
before the addition of the pore forming material. Coloring can also be done
after the pore-forming materials have been removed from physically cross-
15 linked PVALmatrices by placing the sponge into the solution containing the
desired colorant. The colorant can be stabilized in cellular PVA matrix by
drying and then heating the dry cellular PVA matrix which may induce
chemical binding, when possible, between the dye and the PVA which

would then immobilize the colorant. The cellular materials of the invention

20 can also be plasticised and thus can be made permanently flexible by
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15 enhanced by solvent treatnent and/or heat treatnent. Wen sol vent
treatnent is desired, substantially all of the solvent or solvents used to
prepare tWe iRvRegel need to be renoved first by extracti oRCOrUSe¥@se+ ati on.
The sol vent extraction and the solvent treatnment are typically done

si mul taneously by sinply placing the PVA hydrogels into | ow boiling point
20 sol venﬁnconpmraﬁngéuﬁtabgﬂ plasticizarsysunh agprbuw\nat lsnitedds, pélyhydrignpl e, 30
WO 02/ 092678 PCT/ US02/ 12524 met hanol or et hanol or acetone baths to extract
all of the,;sglvents. t repare. the RV, Ui ion n.order.,.

ccel er at SIGHIAS RN e 6 calidif Blsn} 48¢ 0 3 hohoRg el S ifarly
preferred. Upon extraction of all original solvents used to prepare the

PVA hydr ogétane ditds aaldlteiods aliVAspetiabscethgierle slywolf prapilene glyasiger when

usi ng | ow nol ecul ar wei ght al cohols or acetone. It was also found that the
sinmple dryjng at rqom tenperature,of cellu]ar VA ge] extracied with these
hi gh vapordlg]fy@@i%r‘ﬁe’alﬁt@gggi"‘f pm‘%ﬂi‘ly f#‘hg{ » AIPEY Xiﬁ‘é’@ ghveRhni cal
properties of gel on re-hydration. Once original solvents, used to prepare
the PVA slifbheRbe1yeaR YRSpeARIIdIGcEYArigcR, Bschife 1 @ 3ed, frequently
t he nechagbgdﬂggsop§%¥§e§ 0 pbeﬁ{égzr PVA%gkgdré S arg dramatical ly
further inproved by subsequent heat treatnent at el evated tenperatures.

Pr oper t i epropanéteidlyrtriseethylol propaney tiimethylgl eHeaneg poisthylengglyeol, nt o t he
bat h contai ni ng aqueous sol utions of salt, acid, base or organic

conpounds prghpgné:&%l,aljﬁt%ngid{oq? h@éaﬁéﬁiﬁ and I{e@(%ngh)l((t)ﬂ E)%lglgﬁigflene and

polypropylene glycols of various molecular weight, trimethyl or triethyl
citrate, methyl or ethyl lactate, methyl or ethyl glycolate or 2-ethyl-

10 2(hydroxymethyl)-1,3-propanediol and the mixtures thereof. The use of
triethylene glycol is especially preferred for plastization of the sponges used
in topical applications and the use of glycerin when the plasticizer needs to
have low cytotoxicity.

The mechanical properties of the PVA gels of this invention can be

15 enhanced by solvent treatment and/or heat treatment. When solvent
treatment is desired, substantially all of the solvent or solvents used to
prepare the PVA gel need to be removed first by extraction or evaporation.
The solvent extraction and the solvent treatment are typically done
simultaneously by simply placing the PVA hydrogels into low boiling point

20 solvent, non-solvent, or poor solvent for PVA, such as, for example,
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15 aqueous solutions of these conpounds and hold it at roomtenperature or
el evated tenperature to significantly inprove physical properties of

cel I ul ar wbvodeas ogel s. As i ndi cated above, the present PaTarsn2/@s24 equires
that in order to maximze the inprovenent of physical properties of
re-hydrated PVA 20 hydrogels, substantially all solvents originally used

t o prepar enethanplar ethanvgd oraggeag daticTtaseizaceal? ofdbe solvents msed tbe
renoved fromthe cellular PVA gels before the cellular PVA structure is

PvA. hyar oduread HRYA SRUREY 17 brferrrhgel R SoRisth oy st ety ot ar ™

wet heat, or non-solvent heating, at elevated tenperatures, their 5 cell

wal I's ar e Soxlet-apey of biktlactibuk Iiyphe@rﬁetchdUgmféxtrmwmgfalli ofiginal sur f aces

and relatively noderate conpressibility and expandability. However, after
the heat treatnent, .the cellular PVA hydrogels ma Vi tr ly thin

wnl 1 ot hEPTERES HEeAIPPIRBRES PP i 1 G0eas, Dt etHT R ATV A SeliRrepmaets t car
resi stant, have fast w cking, have exceptionally high conpressibility and

/ or 1059X%?%‘i’ig§ahitfyystwn$élewﬂ'éﬁ @ﬁﬂg iutawaﬁ%w&ﬂaﬁ GRlight AROHOEAbr hESREENT 1S

believed 't an~anneall ng proces t causes an-increase In
crystallinity of the PVA The increase in crystallinity reduces the
abi ity oflt was aise faundghabthensimnpleadrying ek oo, temperatinge0f eelbtlasuch
cellular structures nore or less rigid, rugged and abrasive, l|eading to
signifi Ca'ﬁVAnééle&&?aét@d'Wﬁﬂacﬂ'egghigh vapor pressure solvents typically further
improves mechanical properties of gel on re-hydration. Once original
solvents, used to prepare the PVA solution are removed and the PVA gel
10  has been dried, frequently the mechanical properties of cellular PVA
hydrogels are dramatically further improved by subsequent heat treatment at
elevated temperatures. Properties can be further improved by placing the
sponge mixture into the bath containing aqueous solutions of salt, acid, base
or organic compounds. One can also directly submerse the mixture into
15 aqueous solutions of these compounds and hold it at room temperature or
elevated temperature to significantly improve physical properties of cellular
PVA hydrogels.
As indicated above, the present invention requires that in order to

maximize the improvement of physical properties of re-hydrated PVA

20 hydrogels, substantially all solvents originally used to prepare the PVA
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15 strengths. Tensile strength, tear resistance, ruggedness, of cellular
walls are all a function of wall thickness, extent of wall hydration all
of whi ch wpe2/00d6t8 matel y controlled by the degree of crystalriisa2/13s26f PVA
The other process, which may al so increase tensile strength of PVA
hydrogel s, such as chem cal cross-linking or coordination bonding are not
desi r abl e seluttens st bea@ndevatbiitim the 6gHuke P VA0 gelsdastore the eeBekar| ead to
far |l ower increases in nechanical properties as conpared to heat

bi oconpat B 90t FhubREEHS e B BT AR S B Emetmres. e

preferred heat treatnent according to this invention is carried out 5 at

t enper at uBefope cotlalaraPVX hidrepuls abe Ueafl fit&tedowethesigiidyor 8 coatBinaion

non- oxi di zi ng at nospheres such as nitrogen or non-oxidizing |iquids such

as silicon i l.s, non-solvents for. PVA or .aqueous solutions of salt, acid,
base, or @ffggrmhe%omztﬁa‘é,onm%plﬁntmgp%e@@ﬁefgmmpm, theigol ubl e
during the treatnment. Heat treatnent may al so be carried out in air io but

o O o Car Wl e SRR R ol L YRR SR huthBes 12 ng

tenperature or degradation tenperature of selected PVA and all ingredients
such as r eindfrelativiglyanedesatel compreessibiligend expandabiitys , Howiver, afgsxque
material s, nust al so be stable at sel ected heat treatnent
the heat treatment, the cellular PVA hydrogels may have extremely thin
walls, they become more abrasive and rugged, exceptionally strong and tear
resistant, have fast wicking, have exceptionally high compressibility and /or
10 expandability in the dry and in the wet state. The heat treatment is believed
to be an annealing process that causes an increase in crystallinity of the
PVA. The increase in crystallinity reduces the ability of the PVA walls to
hydrate and expand, making walls of such cellular structures more or less
rigid, rugged and abrasive, leading to significant increase in mechanical
15 strengths. Tensile strength, tear resistance, ruggedness, of cellular walls are
all a function of wall thickness, extent of wall hydration all of which are
ultimately controlled by the degree of crystallinity of PVA. The other

process, which may also increase tensile strength of PVA hydrogels, such as

chemical cross-linking or coordination bonding are not desirable since these

20
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15 tenperatures. Additionally, the heat treatnment of cellular PVA hydrogels
provi des additional desirable process to control pore structure. The heat
t r eat mentwoha®xsirgini fi cant effects on the thickness of walpC3/ush2/exsk4 ul ar
structures, pore sizes and pore geonetry. Although sponges with thin walls
can be made by 20 either heat-treating a sponge before or after extraction
of the pomroeessesigad 8 favdorenIRETEEeRIN/MsSczniesbaropartics as sompared
preferred stage for treatnent is with pore-formng nmaterials still being

ohyer cal RAERLHEARREHE fid ol el AER P MRS Bh B RS E Y

treatnent is perfornmed after the pore-formng material has been 5

ext r act ed bibbemipasibilityeat dhlysival propegessofirsliulaa PV Altgriregelst ypi cal Iy, a
reduction in overall physical paraneters and the shape of articles nade
from cellular BVA hydrogels. Cellular Pva.hédro el s are, expected . to have

substantial |y t4¥ BHFEIT fRAtmsnt acgo RETLUETY 1}y iSrCqHedi QU | y

cross-linked PVA hydrogels io made in bulk form This is because cellular

PVA hydro ' ' i | i anal
ar oups ot Rt RerifPbERTtn hRSEEL0 AR IRIE, FipRopbly B ypiitin &
cross-linked bul k PVA hydrogels. These «cellular PVA hydrogels require no
ot her i ngmedi-eridizmgatmaspheres aueh aspatrogearr non-okadizisg diquids sueh besi des
PVA itself because physical integrity
as silicone oils, non-solvents for PVA or aqueous solutions of salt, acid,
base, or organic compounds, in all of which PVA hydrogel remains
insoluble during the treatment. Heat treatment may also be carried out in air
10 but oxygen from air may cause undesirable oxidative degradation of the
PVA. Itis critical that the heat treatment temperatures be lower then the
melting temperature or degradation temperature of selected PVA and all
ingredients such as reinforcing agents, laminating agents, colorants, radio
opaque materials, must also be stable at selected heat treatment
15 temperatures.
Additionally, the heat treatment of cellular PVA hydrogels provides
additional desirable process to control pore structure. The heat treatment
has significant effects on the thickness of walls of cellular structures, pore

sizes and pore geometry. Although sponges with thin walls can be made by

20 either heat-treating a sponge before or after extraction of the pore-forming
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Is of these materials is achieved through physical cross-Ilinking of the
PVA. The cel lul ar PVA hydrogels of the present invention will not exude or
rel ease awg uoisréaance or expose any functional or reactiveCcgrusapssed ti ssue
ot her than hydroxyl groups fromthe PVA itself. Therefore, the cellular

PVA hydrogels of this invention are expected to exhibit superior anti 20

t hr onbogemhatepiady ghe ipreferned stagediapdrdatinent ys wathp poeetformpg mratarialsPVA 34
WO 02/ 092678 PCT/ US02/ 12524 sponges nmade by coval ent cross-1inking. The

ar out h 1 nebth Do Afacdtti e PYA nbtiAe. Priis o gefit, SRIEHI Bieiert®thneei on

prevention ointnents, such as petroleum jelly that could produce foreign

body reactheovegill phyyskal ardmetars of thb@dres of thi ﬁgoﬁ’g’é Hisweged, $f the t hi s
invention are highly desirable materials in a nunber of bionedical

applications., In contrast o the aboye, the.cellul ar, PVA_hydrogel s nade by
he coval g’ﬁﬁt tregment ke Oﬁ@@a@f%ft%@ﬂ@rsrﬁoamagtma@r@étl@s i der abl e
bi oconpatibility concerns especially when used as |ong-term hunan io

i npl angs. ' 23feat taLeRht Yvifll Qe di LAY ANRRSES, I@iahi ng
dangl i ng fe%ﬂréc!i?%cﬁétfx grce)lups 0 @ntﬁr@r eact edshgllrfoss-l [ r}llaeg o gﬁlgg and/ or
non-reacted toxic residues of cross-linking agents, all of which are

typi cal | y redection dn @vesall physical pasameters and the shapewfartiplenmadedaom out
during use. This is especially inportant when highly toxic irritant

cr ossT i nkegi $HBVAR hydrogels.

Cellular PVA hydrogels are expected to have substantially the same
biocompatibility as that reported for physically cross-linked PVA hydrogels
10 made in bulk form. This is because cellular PVA hydrogels of the present
invention contain no material or functional groups other then PVA itself,
just as in the case of physically cross-linked bulk PVA hydrogels. These
cellular PVA hydrogels require no other ingredient to be incorporated
permanently into its structure besides PVA itself because physical integrity
15 of these materials is achieved through physical cross-linking of the PVA.
The cellular PVA hydrogels of the present invention will not exude or
release any substance or expose any functional or reactive groups to tissue
other than hydroxyl groups from the PVA itself. Therefore, the cellular
PV A hydrogels of this invention are expected to exhibit superior anti-

20 thrombogenic properties and biocompatibility compared to prior art PVA
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15 formal dehyde and gl utaric al dehydes are used for the cross-1linking. The
bi oconpatibility of covalently cross-Ilinked PVA sponges is further reduced
because cwoakmtely cross-1inked PVA sponges typically | oseCPUSprIzsent to
over 70 percent of their hydroxyl groups during cross-linking. 20 35 WO
02/ 092678 PCT/ US02/ 12524 Anot her inportant aspect of cellular PVA hydrogels
i s rel at edpongehmadanbycovalant Qre&gﬁ)ﬁkdmfg.n ThesselRdne RV A Inalrogels willwhi ch
it is indicated that PVA hydrogels are capable of allow ng water and water

acid, 5 undt iR i U8t HtofRIREHR SRR RRL MrcE PBeRERATh olgh
the surface of bulk PVA hydrogels. However, the intrusion of bacteria,

yeasts andisso®nds dvatingt rdquitee adlasstohn previaitidh oistménmse sath as petiol Eh
hydrogel . Therefore, in the event that a sterile hydrogel is exposed to

non- asepti.c,, enviro nt,. the, contam nation, of PVA hydrogels i.s only

i ted t delnehateauldtpraduge toreigay reamtionof mwgaaeﬁbs 4ch. BE made
aseptic again by sterilizing their surface by using ultraviolet |ight or
ethyl ege Qxj PORYUERECI 0T BARRG oL RYbREm %ASS,
et hyl al c%ﬁoﬁ?arll)ggpr gy a?cohors, or ?‘f?l oroh@g‘gyﬁg? ?13 Io&géﬁ%?/ washi ng
wth sterile water _or saline. 15 Because of the unique physical properties
of the cemumber ¢iomedical applications.

In contrast to the above, the cellular PVA hydrogels made by he
covalent cross-linking method of the prior art, create considerable
biocompatibility concerns especially when used as long-term human

10 implants. In this case covalently cross-linked PVA sponges containing
dangling functional groups of non-reacted cross-linker molecules and/or
non-reacted toxic residues of cross-linking agents, all of which are typically
located on or near the surface of an article, or may leach out during use.
This is especially important when highly toxic irritant crosslinkers such as

15 formaldehyde and glutaric aldehydes are used for the cross-linking. The
biocompatibility of covalently cross-linked PVA sponges is further reduced
because covalently cross-linked PVA sponges typically lose 50 percent to

over 70 percent of their hydroxyl groups during cross-linking.

20
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hydrogel s made according to this invention and because of their good

bi oconpatibility, these cellular PVA hydrogels are expected to have a

si gni f i cawDlog/ogdeder range of applications in the bionedi cacTfiset/tsehan
coval ently cross-1inked PVA sponges. The PVA sponges of the present 20

I nvention can easily be nade to contain very lowto very high water content

36 WO 02/ 09267 Amathevsoporzadaspadt ohoellgkar REA hydragedhis redated:tertheont ent s

of different tissues. They can be used externally or internally such as,

hermal et o rSRRET 17 8. PaROR 23 @7 hE AR s MBI 75,

napki ns, swabs, surgical aids, various 5 inplants, such as cardi ovascul ar,

reconst r uRV ehypditboeds ard capahleadrdlkswimgndratéhand wkter dsluble bowal ai ds,
t hese sponges can be used to renove body fluids such as bl ood, serum
fluid, urine, sweat, bile, and digestive fluids. The

plasma, |y : I nal
sponges calnng @&W@%@%@%ﬁpﬂn%aw as AUNNNIA.SQPAON SIS, ABLHR6dy| 00d and

ot her body fluids during internal surgeries such as 10 operations in

thorackc Gguht éx‘éﬁtiﬂiné‘,b%iﬁ% U 1aE@Y iabic?énd-ﬁ?ﬁilﬁoﬁﬂgghgsr ﬂ%hgﬂecﬁe s@&ﬁa}él%”t

abrasion to even the nost del’icate tissues, suc aln t1ssue while
naintainin%?their antithronbic character. Separation of organs can be al so

done usi n@ifAkBYAohpdregalsgdtowauer, ithe insusionmebbadterias yaasts aindet s whi ch

can also be reinforced with short or long fibers or woven or non 15 woven

fabrics, the AP 1akE pPdSihBlbA e sut Rl & £ BIRN VAT diogal!

Therefore, in the event that a sterile hydrogel is exposed to non-aseptic
environment, the contamination of PVA hydrogels is only limited to the

10  surface of a hydrogel. The PVA hydrogels can be made aseptic again by
sterilizing their surface by using ultraviolet light or ethylene oxide,
propylene oxide, ozone, hydrogen peroxide, aldehydes, ethyl alcohol,
isopropyl alcohol, or chlorohexidine, followed by washing with sterile water
or saline.

15 Because of the unique physical properties of the cellular PVA
hydrogels made according to this invention and because of their good
biocompatibility, these cellular PVA hydrogels are expected to have a
significantly wider range of applications in the biomedical field than
covalently cross-linked PVA sponges. The PVA sponges of the present

20 invention can easily be made to contain very low to very high water content

36



provi de, at he sanme tinme, the exceptionally high softness of the materi al
on the surfaces but also the exceptional nechanical properties such as
strengt h wand/osmsasill us in the direction of reinforcement wrem/ushz12524
reinforcenent is properly chosen and/or oriented. PVA hydrogel sponges can
be used al one 37 WD 02/ 092678 PCT/ US02/ 12524 or in conbination with gauze
pads to siagi thusavan gadilypmateh theiwateractmtentseof difigrend tisshes. gEhey cand
applications. In order to maintain a high I evel of purity and thus

bi oconpat ibbl

carry oot B st or Teictoflty miena¥c bEPBoR imbsd B RN BnG uee

pure PVA, solvents and pore-formng materials, colorants, radio opaque
mat eri al s appticationcioneounds ctrbah®. suchnageierntl maidechaahical dugngldlcetsher
conmponents. “Sterilization of cellular PVA hydrogels of this invention can
be carrieq qut in a nupber of different ways. For exanple, it can be done
by steam afSIQNA iagl‘i Wrgé‘éairséteﬁi sqrytarynapkdns Wl'&aé‘uﬁglqg}) ﬁlﬂss VRBIOUSs | after

all ingredients are added to the system It is desirable to steam
aut ocl gve; X t : ; nut es
o ensar o Al SHER ofcablidfvabbuti iR ol iRE SRR EGrn Ol SHrd ity af.y

the sanme stage wi thout the use of steam by sinply holding the PVA
sol uti on whe hiksl. | As syrgiviab aids, dhescofpongesiamdbé used 5o semoyelradynfluidses,
under sterile conditions. Sterilization can be done at the stage when
cel lular R\en9R'51034° sEMbh o5 taathd, Iyhiph, MpRtar A Wil sWGt M, and
digestive fluids. The sponges can be used to support and/or separate organs
and absorb blood and other body fluids during internal surgeries such as
10  operations in thoracic cavities or abdominal cavities. Their smodth surfaces
prevent abrasion to even the most delicate tissues, such as brain tissue while
maintaining their antithrombic character. Separation of organs can be also
done using PVA hydrogel sponges made in the form of films and sheets
which can also be reinforced with short or long fibers or woven or non-
15 woven fabrics, the appropriate orientation of reinforcement agents can
provide, at he same time, the exceptionally high softness of the material on
the surfaces but also the exceptional mechanical properties such as strength

and modulus in the direction of reinforcement when the reinforcement is

properly chosen and/or oriented. PVA hydrogel sponges can be used alone
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al so produce sterile products made from cellul ar PVA hydrogel by

subj ecting cellular PVA hydrogels or the final products to high energy

radi at i orwoAmoderhal | y, one can make sterile products by ®e€Tripom11sgd ene 20
oxi de, propyl ene oxi de, ozone, hydrogen peroxi de, al dehydes, ethyl alcohol,
38 WD 02/092678 PCT/ US02/ 12524 i sopropyl al cohol, or chlorohexidine

fol | owed loy inaonibigationhwithegauze padsto signifeanthy inprevevadiyeadgaitbear e
stable in acidic environnments such that they can be used in long term oral

drug deliver . C oral 5 delivery of drugs is considered to
be the m§§0ﬁ%mﬁgﬁﬂlz%ﬁ%eﬁiﬂ?g%t{0@i |l faces sone serious obstacles.
The oral delivery systemcould not be used for those drugs which are

susceptibl e, fan ordet soesaintaindelgighdiviedof @nrit?iagﬁisﬂiusdaienammibiﬁw\ever :

t hese PVA hydrogel s can deliver drugs for prolonged periods of tinme since
PVA hydrogel s ar t L n digestjve io systens, they are not rnful to
di gest i veog-rtﬁél@ﬁuiﬂglgye@b}’éﬁ‘i’gé& %H?Yi%@di/qséra ¢ &9 &R |C§/m}fgfé‘£2€edr ugs in
certain portions of the digestive tract, that is, can be used for

target Eggrﬁml chegs ?,13% él@hﬁ%?@gﬁ@ﬂﬁ&oﬁﬁférﬂ‘iaﬁd%é %ﬁwfpvt&, $HGBntsaiPH and

the |i Anot her e i ment o e present invention is the ability to use
cel lular PVA hydrogels in_ al kaline environments. PVA has an_ 15 excellent
r esi st ancore-fermang materigbs raclerands, @dio apaque matediadgaeinfoscimg  degr ade
even in severe alkali conditions, in fact, it seens that PVA becones
materials, laminating materials, and all other components. Sterilization of
cellular PVA hydrogels of this invention can be carried out in a number of
different ways. For example, it can be done by steam at a high pressure at
10 the stage before gelling, that is, after all ingredients are added to the system.
It is desirable to steam autoclave the mixture at 100°C to 140°C under
pressure for 20 to 60 minutes to ensure complete sterilization. The
sterilization can also be done at the same stage without the use of steam, by
simply holding the PVA solution with all ingredients at 100°C to 160°C for
15 30 to 120 minutes, under sterile conditions. Sterilization can be done at the
stage when cellular PVA gels are subjected to the heat treatment. One can
also produce sterile products made from cellular PVA hydrogel by
subjecting cellular PVA hydrogels or the final products to high energy

radiation. And finally, one can make sterile products by using ethylene

20 oxide, propylene oxide, ozone, hydrogen peroxide, aldehydes, ethyl alcohol,
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nore stabilized under such conditions. The pore sizes, pore geonetry's and
pore size and pore geonetry distribution can be precisely controlled in
essent i alwQ oang26rsange practically 20 desired. Nunbers of PdirfifSerese4 pore
formng particles having well defined 39 WO 02/092678 PCT/ US02/ 12524
particle geonetries and nonodi sperse size distribution are available or can
be cust omiseptepyd aheatwipbr shl xiligedollosved) byovashisganith sterileowdtdr
silica, salts, sugar, starch, non-solvents, and the |like. Essentially al

of these §£or?-forning mat eri al s having either uniformor polydi sperse
particle 288%i stribution can be uni formy dispersed throughout the PVA
hydr ogel s. Anot her enbodi nent of the present invention is the preparation

of high perforTenP¥ Abgelrogelssarkstablednaiddieéhviranmivts bych tuelthey For
exanpl e, one can make hi gh performance absorbent particles having the

average particle sjze of a super, absorhent particle in the dr tate in the
10 range f@BR%B uﬂ?ﬁ%?@@@@@ﬁ’&@&h\f@?ﬁﬁﬁmr CQFC%?‘ c1?’13’I($/1'|aireters or
centineters. These absorbents in the formof sheets or particles can be

used in ‘(ﬁlfv%&‘f.o?ﬂﬁh gg& baﬂﬁdé&ag@@b@itﬁeqﬂbs@éoﬁ%ﬁéﬁﬁf@@mdt!ﬁsﬂ'in

bi omedi cal applicati especi al 'y when conbi ned wt actericides and
the like. Interfacial_ bonding can be provided by partially inbedding
fibers, Tacemsomenesiousrobsiachesy drhesoxsdidelivery Swﬁ’wm@onkiaobbetusedPVA
hydrogels. The nature of the fibrous materials used in inbedding can be
cel Tul ose.q 3l Sse drugs which are susceptible, for instance, to degradation by
digestive enzymes. However, these PVA hydrogels can deliver drugs for
prolonged periods of time since PVA hydrogels are stable in digestive
10  systems, they are not harmful to digestive tracts, and also can be modified to
preferably release drugs in certain portions of the digestive tract, that is, can
be used for targeting and triggering release under certain environments such
as pH and the like. Another embodiment of the present invention is the
ability to use cellular PVA hydrogels in alkaline environments. PVA has an
15 excellent resistance to alkalis. Properties of PVA and its hydrogels do not
degrade even in severe alkali conditions, in fact, it seems that PVA becomes
more stabilized under such conditions.
The pore sizes, pore geometry's and pore size and pore geometry

distribution can be precisely controlled in essentially any range practically

20 desired. Numbers of different pore forming particles having well defined
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carbon fibers, Vectura(r) fibers, and the Iike Since the hydrogels can be
co- extrude, co-nold or co-cast with a variety of different materials or
used to WwWodR09263%r f aces of essentially any material, thePCanpe2 24
properties and 20 applications of cellular PVA hydrogels of the present

i nvention becomes 40 WO 02/ 092678 PCT/ US02/ 12524 essentially endl ess. Such
conposi t e paeticle geormvixi¢s and gadsodispetseszedikiribusiopearecdvailable oatcanons and
designs of articles which may be limted by he inagination of designers of

For Che. an e SOMEREE (o RRGATOH b BTUAT Uind Top BFRREpSRAT L T =1

hydrogel s of this invention can be conplexed with iodine and can be

conbi ned wilida,aale! suger, statcleaonsutvend) asd chebikex Hyssntallexllrebihdissar y
antimcrobial activity while providing a soft and gentl e sponge that does
not adhere to the.tissue., Furthernpre, if. provide color indication of
t he stat um¢—ﬁor@1agtmaﬁeaa&ﬁaw%eﬁﬁ@n ypiform er peﬁvﬁwer&ﬁml@ aZ€ odi ne

i s an outstanding m crobiocide having an extraordinary range of action
whi e Bavigigd Bl ity RPet MousABRENHE PV RS dr&gslsexamp! e,
lodine is esgégilﬁacﬂgg%esi rag?{e %r gge agg?nsgﬁ Eact eria, %?t%egééfq'e bacilli,
fungi, protozoa and viruses. Using iodine conplexes with the cellular PVA
hydr ogel s i odi rsnetheripmbedinentcef the presentmtentioreis therprepartatxm ofius wi | |
overcone the typical problemof delivery of iodine to tissue at the

desired 13k eh NS T R LD S belliCREELIOR cellular PVA hydrogels. For

example, one can make high performance absorbent particles having the
average particle size of a super absorbent particle in the dry state in the

10 range from about 1 micron to something on the order of millimeters or
centimeters. These absorbents in the form of sheets or particles can be used
in various applications of containment of hazardous spills in biomedical
applications, especially when combined with bactericides and the like.

Interfacial bonding can be provided by partially imbedding fibers,

15 mat, woven or non-woven sheets into the surface of the PVA hydrogels.
The nature of the fibrous materials used in imbedding can be cellulose, silk,
carbon fibers, Vectura® fibers, and the like Since the hydrogels can be co-
extrude, co-mold or co-cast with a variety of different materials or used to
modify surfaces of essentially any material, the range of properties and

20 applications of cellular PVA hydrogels of the present invention becomes
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hydrogel forns a conplex with iodine it has a golden color until used, but
when applied to tissue it assunes an active black color. 20 41 WD 02/092678
PCT/ US02/WP9249Mhen i odi ne i s consuned the bl ack col or di sappsazr/e2sahi ch
provides a visual indication of the activity status of iodine in the wound
dressing. Use of plasticizers is also desired to pernmanently soften

cel lul ar Rgsentigllly egdiessc Sighesemparsith debluilarsP VA bydeogelissnay bavawilecan be
bound to PVA hydrogels, including disinfectant dyes, for exanpl e nethyl ene

aui nacr | nBees ofaBblicfibhe aBg dERERr alicren BBh bR Br S SHNENS pa
hydrogels if the PVA hydrogels are subnersed in the aqueous sol ution of

the dyes. iifwginatiyedfddsigmat ofarticldgseiiebdesigheaniranghmtiRnitd sopuest on af ter
an excess of a dye has been washed away. These dyes are particularly

attractive ffr use i the&g{ﬁ%duc Il on of . di cal and personal care products
and especiP&f W@CQQ@IW 1GSJRT dRe ajldele: ci dal bandages, surgi cal

packi ngs, sanitary napkins and tanpons, and the like. This is because

pound gi si nf eclROLIIAYe tb¥hrhed irPAik 3peSifi IO, Ihe hyliPobdR GTRARge and

because several common bacteria can b In the presence
of these dyes. Mechanical properties_of bulk PVA hydrogels were neasured as
invention can be complexed with iodine and can be combined with other

germicides. The iodine complex has an extraordinary antimicrobial activity
while providing a soft and gentle sponge that does not adhere to the tissue.
Furthermore, it provides a color indication of the status of its antimicrobial

10 activity. It is well known that iodine is an outstanding microbiocide having
an extraordinary range of action while having low cytotoxicity at low iodine
concentrations. For example, iodine is especially desirable for use against
bacteria, tubercle bacilli, fungi, protozoa and viruses. Using iodine
complexes with the cellular PVA hydrogels iodine can be delivered in a

15 controlled manner that thus will overcome the typical problem of delivery
of iodine to tissue at the desired rate and time period. When cellular
hydrogel forms a complex with iodine it has a golden color until used, but

when applied to tissue it assumes an active black color.

20
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prepared by different nmethods. The nmethods and the results appear below in
TABLE |. 20 42 WO 02/ 092678 PCT/ US02/ 12524 TABLE | Met hods of | nducing
physi cal wengio)m7®l ongati on water properties into PVA nmaPCirass2/sxseength %
content 5 Psi wt % C ear PVA hydrogel by using co-solvent, cooled to
-20C, 12 hrs. 480 700 90 .io Same as above but cooled for 2 hrs. 320 550 90
Hazy PVA hydr og®hemiodise ngconsumedrthy black gbtor disappeasgewhichggrosddeso 15
Sanme as above, but 5 freeze cycles 260 500 90 Sane as above, but slow thaw

vater as & Soce o 68 e ALtk RAE. B iodindYH HRE M”10 25 00
Mechani cal properties of cellular Polyvinylal cohol hydrogels as

Use of plasticizers is also desired to permanently soften cellular PVA

hydrogels complexed with iodine.

5 Other disinfectants can be bound to PVA hydrogels, including
disinfectant dyes, for example methylene blue, gentian violet, acridine
orange, brilliant green, acridine yellow, quinacrin blue, and trypan red.
These dyes become strongly bound to PVA hydrogels if the PVA hydrogels
are submersed in the aqueous solution of the dyes. These dyes will not be

10 released from an aqueous solution after an excess of a dye has been washed
away. These dyes are particularly attractive for use in the production of
medical and personal care products and especially for the production of
germicidal bandages, surgical packings, sanitary napkins and tampons, and
the like. This is because bound disinfectant dyes inhibit bacterial growth on

15 the sponge and because several common bacteria can be killed if incubated
in the presence of these dyes.

Mechanical properties of bulk PVA hydrogels were measured as
prepared by different methods. The methods and the results appear below in

TABLE I.

20
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30 prepared by the frothing nethod were obtained. The results are set forth
on TABLE Il. 35 43 WD 02/092678 PCT/ US02/ 12524 TABLE || Treatnent of

frot hed PvAodiosses ved PVA di ssolved 5 PVA solution in wat€m/ise2/tzs240l vent
Tensile Elong./ Tensile Elongation/ Strength/ %strength/ % Psi Psi 10
Cooled to -20C and thawed O O 50 100 Cooled to -20C and 15 extracted with
acetone at room Tenperature 2JABSE P50 150 Sane as above but extracted

wi th et hanol 200 250 230 200 20 Cooled to -20C and

Methods of Inducing physical tensile elongation water
properties into PVA matrices strength % content
5 Psi wt %

Clear PVA hydrogel by using
co-solvent, cooled to -20°C, 12 hrs. 480 700 90

10 Same as above but cooled for 2 hrs. 320 550 90

Hazy PVA hydrogel, by using water

Only, single freeze cycle 180 450 90
15

Same as above, but 5 freeze cycles 260 500 90

Same as above, but slow thaw 230 450 90

20 Same as above but by partial
De-hydration 880 400 60

Used water as a solvent for the PVA and
25  Used radiation to cross link 10 25 90

Mechanical properties of cellular Polyvinylalcohol hydrogels as
30
prepared by the frothing method were obtained. The results are set forth on
TABLE IL.

35
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I mersed in aqueous salt solution at Room Tenper ature for thirty m nutes
450 100 550 100 25 Sane as above but heated to 90C for 15 m nutes 700 80
750 80 (Wwoloemozeds - 20C, extracted 30 with acetone, dried, PCRASBSIE®RS2 vacuum
at 90C for 60 mnutes 750 80 850 50 Sanme as above but heated 35 to 120C
for 10 m nutes 950 50 950 50 44 WO 02/ 092678 PCT/ US02/ 12524 Mechani cal
properties of cellular PVA hydT4d3LE bt ai ned by the nethods set forth

bel ow and were tested and the results are shown on TABLE Il bel ow. TABLE
1l 5 Methods used to (a) I nduce pnysical cross-1inks Tensile Efongation
and (b) to_nodif hysi cal _ properties of, the Stren % _.cel | ul ar PVA

hydr c()gZaI S I,@atme%/lt gf ytsrothed Prop PVA issolveg %%A dissolved

5 PVA solution in water in co-solvent

Tensile Elong./ Tensile  Elongation/

Strength/ % strength/ %
Psi Psi

10

Cooled to -20°C and

thawed 0 0 50 100

Cooled to -20°C and
15 extracted with acetone

at room Temperature 220 250 250 150

Same as above but

extracted with ethanol 200 250 230 200
20

Cooled to -20°C and

immersed in aqueous salt

solution at Room Temper-

ature for thirty minutes 450 100 550 100
25

Same as above but heated

to 90°C for 15 minutes 700 80 750 80

Cooled to -20°C, extracted
30 with acetone, dried,
heated in vacuum at 90°C
for 60 minutes 750 80 850 50

Same as above but heated
35  to 120°C for 10 minutes 950 50 950 50
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I o PVA dissolved in water and cosolvent. Salt was used as the pore-formng
material 1. cooled to -20C, 12 hrs. 480 600 2. same as 1., but extracted
with 15 awetoone267&lri ed at room tenperature and re-hydrat edCFAGIHNG24 3. sane
as 2., but heated at 150C in vacuumfor 2 mnutes 1100 20 20 4. sane a 2.
but heated in silicone oil at 120C for 30 m nutes 950 100, 5. same as 1.,
but i mersed i Meghawigsl properties of] aelidar PMA hydiogelspdrtainedeby the 60

m nutes 850 250 6. same as 5. but heated to 90C for 30 m nutes 950 150 30

Caoc 1o miEtheil st A0l 830 tuSePet e ARl slB Bkt Showh ofi 001 24 1O
TABLE IIT below.

TABLE III

Methods used to (a) induce physical cross-links  Tensile Elongation
and (b) to modify physical properties of the Strength %
cellular PVA hydrogels psi

10 PVA dissolved in water and cosolvent.
Salt was used as the pore-forming material

1. cooled to -20°C, 12 hrs. 480 600
2. same as 1., but extracted with
15 acetone, dried at room temperature
and re-hydrated 550 500
3. same as 2., but heated at 150°C in
vacuum for 2 minutes 1100 20
20
4. same a 2. but heated in silicone
oil at 120°C for 30 minutes 950 100
5. same as 1., but immersed in aqueous
25 salt solution, at room temperature
for 60 minutes 850 250
6. same as 5. but heated to 90°C for
30 minutes 950 150
30
PVA dissolved in water; salt as the pore
forming material.
7. cooled to -20°C, 12 hrs. 450 400
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8. sane as 7. but extracted with acetone, dried and heated to 120C for
thirty mnutes 800 220 5 PVA dissolved in water and co- sol vent.

Crystal | iwo oglogears as the pore-formng material 10 9. coolPed/uso2/130LC, 12
hrs. 380 400 10. sane as 9. but extracted 15 with acetone, dried and re
hydrated 450 350 11. sanme as 10. but heated to 120C in a vacuum for 30
mn. 780 $00sag® @&57. Bot extdastedoritho2678 PCT/ US02/ 12524 Wat | claimis:

1. A nethod ojcpReaditied alddicdeld tsponges having col [ apsed wal | s, said
method compri phiec B it BPRiRltes 800 220

PVA dissolved in water and co-
solvent. Crystalline sugar as the
pore-forming material

10

9. cooled to -20°C, 12 hrs. 380 400
10. same as 9. but extracted
15 with acetone, dried and re-
hydrated 450 350
11. same as 10. but heated to
120°C in a vacuum for 30 min. 780 100
20
25
30
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(I') providing a polyner capable of being physically cross-linked; 5 (1)
di ssolving said polyner in a material selected fromthe group consisting
essenti alwp 0209279 a single solvent for the polyvinyl alceoolusands2{ii) a
m xture of solvents for the polyvinyl alcohol, to forma solution; 10
(I'11) mxing the solution fornmed in (Il) with a pore-formng material:
(I'V) provi Iclaivi i3:ons for the mixture of (I11) in which the polyner
wi | I undergo physical cross linking; (V) bringing the mxture from (I1V) to

ShOuL 00 DRI AMS of Bl AR oSSR bl SRR ANk > 2

pore-formng material; (VII) heating the m xture at an el evated

t enper at urmeflnyd eomrispug die sfepgroften seconds to eight hours, and (Vi)
cooling the m xture from(VIl) to about roomtenperature and renoving the

bCT] Usoz! 12924 (B girowidibers spolyiiss capBic b Beinid RySa rapebjinkedhonge
having 5 collapsed walls is obtained. 10 15
5 (II) dissolving said polymer in a material selected from the group
consisting essentially of:
(i) a single solvent for the polyvinyl alcohol and,
(ii) a mixture of solvents for the polyvinyl alcohol, to form a
solution;
10 (III) mixing the solution formed in (II) with a pore-forming material:
(IV) providing conditions for the mixture of (II) in which the
polymer will undergo physical cross linking;
(V) bringing the mixture from (IV) to about room temperature;
(VD) removing essentially all of the solvents by a method which does
15 not significantly affect the cross-linking or pore-forming material;
(VID) heating the mixture at an elevated temperature for a period of
from ten seconds to eight hours, and

(VIII) cooling the mixture from (VII) to about room temperature and

removing the pore-forming material by means which does not
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20 48 WD 02/ 092678 PCT/ US02/ 12524 2. A nethod of preparing hydroge

sponges havi ng expanded walls, said nethod conprising the steps of: (I)
provi di ngwe pob2ener capabl e of bei ng physically cross-I1i nkPea/usot/ia5p4

di ssolving said polyner in a material selected fromthe group 5 consisting
essentially of (i) a single solvent for the polyvinyl alcohol and, (ii) a
m xture of solvents for the polyvinyl alcohol, to forma solution; (Il1)

m xing the solution formed in (I1) with a pore-formng io material: (1V)
provi ding conditions at which the polynmer from (I1l) will undergo physical
cross linking; (V) bringing the mxture from(l1V) to about room
tenperature: (VI) renoving the pore-formng material by a neans which does
15 not significantly affect the cross-1inking, whereby a hydrogel sponge
havi ng expanded walls is obtained. 20 49 WD 02/092678 PCT/ US02/ 12524

significantly affect the cross-linking, whereby a sponge having

s collapsed walls is obtained.

10

15

20
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3. A nethod of preparing physically cross-linked cellular hydrogels, said
nmet hod conprising the steps of: (I) providing a polynmer capable of being
physi cal Iwomewoe®78 i nked; (I11) dissolving said pol yner i nPaTRsbvEIIS24
selected fromthe group 5 consisting essentially of: (i) a single solvent
for the polyvinyl alcohol and, (ii) a mxture of solvents for the polyvinyl
al cohol , 2% tAdmethodsf prepaning hydnogel spangehbaviigexpandest wallsi seid 1) with
a pore-formng io material capable of partially dissolving in solution

f:lr Io)ssalnldnkﬁ%t&%ﬂn&(ng)ﬁﬁg?@%éﬁ%pg;ﬂfggﬁi: ;ng(w/; rrg'; ioeindim;\gpg)c/)?\ijicﬂ ons at which

the polynmer from(ll1l) wll undergo physical cross-Ilinking caused by the

presence of par (Ialpnovidspoh vieslynier epablé of iveivge phyeicallly, croM3-1hikiedyi ng t he

m xture from (lV) to about roomtenperature; (VI) renoving the

pore-form ng mateci by .a nmeaps i ch .does nqt. signjfigcant|y affect the
cross- | i nki ng, Qﬁé@@o mgcﬁa@d?gﬁfazﬁw@%m%alﬁgﬁeg%% S SR val | s
is obtained. 20 50 WD 02/ 092678 PCT/ US02/ 12524

5 consisting essentially of:

@ a single solvent for the polyvinyl alcohol and,
(ii) a mixture of solvents for the polyvinyl alcohol, to form a
solution;
(ITI) mixing the solution formed in (IT) with a pore-forming
10 material:
(IV) providing conditions at which the polymer from (III) will
undergo physical cross linking;
(V) bringing the mixture from (IV) to about room temperature:
(VD) removing the pore-forming material by a means which does
15 not significantly affect the cross-linking, whereby a hydrogel sponge having

expanded walls is obtained.

20
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4. A method of preparing physically cross-1linked cellular hydrogels, said

nmet hod conprising the steps of (1) providing a polyner capabl e of being

physi cal Iwomewoe®78 i nked; (I11) dissolving said pol yner i nPaTRsbvEIIS24

selected fromthe group 5 consisting essentially of (i) a single solvent

for the polyvinyl alcghol and, &i 1) a mxture of saqlvents for the polyvinyl
y

al cohol , 3.0 Adngathod ebprepasing physicahlyxiragstinkedgeltulanhydrogelsi saidi 1) with

a pore-formng 1o material capable of partially dissolving in solution (I1)

and its s i lfng formation of physical cross-links in
t he pol yv?’!ﬁ%"ag‘f"c@ﬁ@sﬁ{%ﬁ% St%ﬁg\?ilfgl ng conditions at which the polyner from
(rr1) wll undergo physical cross-1linking caused by the presence of

partial |y di ssql)edproddding e- polymergcapribde oflbeityphlysicadiyneroskdinked;ur e

from(IV) to about roomtenperature; (VI) renoving all of the solvents by

a nmeans which S t .significantly atfect the.cross-Linki or _pore
form ng materi gﬁﬁ (%%Olﬁ sHd PR t 4 pdpa l%ﬁe&@eéf%nﬂgﬁ;%f’&’ure for
a period of 20 tinme of ten seconds to eight hours, and 51 WO 02/ 092678
PCT/ USQ2/ kpiikting essentially of:

(i) asingle solvent for the polyvinyl alcohol and,
(i) amixture of solvents for the polyvinyl alcohol, to form a
solution;
(III) mixing the solution formed in (II) with a pore-forming
10 material capable of partially dissolving in solution (II) and its solution
capable of causing formation of physical cross-linking in the polyvinyl
alcohol;
(IV) providing conditions at which the polymer from (III) will
undergo physical cross-linking caused by the presence of partially dissolved
15 pore-forming material;
(V) bringing the mixture from (IV) to about room temperature;
(VD) removing the pore-forming material by a means which does
not significantly affect the cross-linking, whereby a hydrogel sponge having
partially collapsed walls is obtained.

20
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(M11) cooling the mxture from(VIl) to about roomtenperature and

renmovi ng the pore-formng material by a neans which does not significantly
af fect t hwoorwosx78 i nki ng, whereby a sponge havi ng col | aps@dT/usat/iz524 s
obtained. 5 5. Method of preparing physically cross-1linked cellular
hydrogels, said nethod conprising the steps of: (Iﬁj‘Jl roviding a polymer
capabl e of. bAimgthod, of paeparieg physidalhkendssdinkad ge ﬁ@dﬂy&dmgelsasmdpol ymer

in a mterial selected fromthe group consisting essentially of (i) a
single solvent for the.polyvipnyl alcohol and, (ii) a mxture of solvents
for the p@?@ﬁoﬁiy‘fo i)g@htgg,tﬂqueﬁsoaﬁha solution; 15 (I111) mxing the
solution fornmed in (Il1) with a pore-formng material; (IV) subnersing the

m xture from () ) ﬁm‘b\&dh’li?% h polgnet apalile ofbainpglivaicab) erssedifkedy t he
a

group consi sting essenti y of: (a) a solvent for the polyvinyl alcohol

ol ymer wher ei 20 t.he solvent is at a.low tenperature; 52 02/ 092678
BCT,V US02/ 1252 4?11) cilssolvmg said polymerina Matetial setlected §omv‘}ge group

5 consisting essentially of:
(i) asingle solvent for the polyvinyl alcohol and,
(i) a mixture of solvents for the polyvinyl alcohol, to form a
solution;
(III) mixing the solution formed in (II) with a pore-forming
10 material capable of partially dissolving in solution (II) and its solution
capable of causing formation of physical cross-links in the polyvinyl
alcohol;
(IV) providing conditions at which the polymer from (III) will
undergo physical cross-linking caused by the presence of partially dissolved
15 pore-forming material;
(V) bringing the mixture from (IV) to about room temperature;
(VI) removing all of the solvents by a means which does not
significantly affect the cross-linking or pore forming material;
(VII) heating the material at an elevated temperature for a period of

20 time of ten seconds to eight hours, and
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(b) a non-solvent for the polyvinyl alcohol polyner; (c) a poor solvent
for the polyvinyl alcohol polyner, and (d) an aqueous solution of a

mat eri al woleoewd fromthe 5 group consisting essenti al | yCofusf2/)25a sal t
(ii) an acid at a low tenperature, and (iii) a base, to induce
crystallizatio el lation, coagulatiqgn, o m xiure of io0

crystallizati OZVI 3l | &99@@%@&@%@@?%‘?‘8&&@) tq ﬁéOBBTWPﬁ?m%r%%ﬁl
polymer; (V) bringing the m xture from(lV) to about roomtenperature and
renovi ng | &l I formiReha b@’gaﬁ?é WhichPdod8®ags Whi ch do
not si gni ?lﬁgggﬂ(f}hgéftg%tp@%e cr&gg-lﬁ?%gdr{‘g, eragigy a phys?%a??y
cross-linked cellular polyvinyl alcohol hydrogel is obtained. 15 20 53
WO 02/ 092eiificantigadifacshe ossvbinkang owhpraipaaispgnghhsiving cpllepsed - | i nked
cel lular hydrogels, said method conprising the steps of: (I) providing a
pol ymer C%&aeipslﬁ&;tagleé&g physical ly cross- |inked,;

5. Method of preparing physically cross-linked cellular hydrogels, said
method comprising the steps of:
(I) providing a polymer capable of being physically cross-
linked;
10 (II) dissolving said polymer in a material selected from the
group consisting essentially of:
(i) a single solvent for the polyvinyl alcohol and,
(ii) a mixture of solvents for the polyvinyl alcohol, to
form a solution;
15 (III) mixing the solution formed in (II) with a pore-forming
material;
(IV) submersing the mixture from (III) in a bath consisting of
a material selected from the group consisting essentially of:
(a) asolvent for the polyvinyl alcohol polymer wherein

20 the solvent is at a low temperature;
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5 (Il) dissolving said polyner in a material selected fromthe group
consisting essentially of (i) a single solvent for the polyvinyl alcohol
and, (ii)we oxioxx6os e of sol vents for the polyvinyl alcohol pCraiSot/csea a
solution; 10 (II11) mxing the solution formed in (I1) with a pore-form ng

material; (1V) subnersin he m xture from (ElIl) int terial selected
fromthe group consisti ngbéf :aflf”}l'sé)l‘é%‘iltvéﬁtt P&OIW@}gcﬂ%&g‘P&H’dXﬁé@Hol at
|l ow 15 tenperature; (ii) a non-solvent for the polyvinyl alcohol, and

(iii) a poor solvent, tomndu ] | R lthe éﬁﬁd Lil&hol &iion, or
a mxture of «crystalli za(tb?on,g?)é)g#l)égt?%é\ﬂ, or cg,a? aryi}on, o?&tﬁﬂ pofl yner ;
54 WO 02/ 092678 PCT/ US02/ 12524 (V) bringing the mxture from(lV) to about

room temaadature and renoving essentially all of the pore-formng nmaterial
by means which do not significantly affect the cross-1inking, whereby a

physically cross-linked ¢yl ubgr, RRIVIRONoR 3% A8terial selected from the
5  group consisting essentially of:
(i) asalt;
(i) an acid at a low temperature, and
(iii) a base,
to induce crystallization, gellation, coagulation, or a mixture of
10  crystallization, gellation, or coagulation, of the polyvinyl alcohol polymer;
(V) bringing the mixture from (IV) to about room temperature and
removing essentially all of the pore-forming materials by means which do
not significantly affect the cross-linking, whereby a physically cross-linked
cellular polyvinyl alcohol hydrogel is obtained.

15

20
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7. A method of preparing physically cross-linked cellular hydrogels, said
nmet hod conprising the steps of: (I) providing a polynmer capable of being
physi cal Iwomewoe®78 i nked; (I11) dissolving said pol yner i nPaTRsbvEIIS24
selected fromthe group 10 consisting essentially of (i) a single solvent

for the pal yyinyl algcohol and,, (i.i),.a m xtur f l.vent s for the,polyvinyl
al cohol té-f&[‘i’#@d% LRPasHE Phl(fﬁlfgﬂyﬁfﬂﬁg'ﬁﬂgegcﬁeiﬁ%l%ﬂ}@%‘%&i 41 1) wi th
a pore-formng material; 15 (I1V) subnmersing the mxture from(lIll) in a

bat h Consh%thﬂa&{mﬁlsir@ gpseifution of a material selected froma group
consisting essentially ™of: a."a salt, b. an acid at | ow tenperature and,

20 c. a base, 55 WD 02/092678 PCT/ US02/ 12524 to jnhduce crystallization,
gel I ation, coagul at (bn, peevidieg b pekymen capablergisbeing phiysielly §&rssati on, or
coagul ation, of the polyner; (V) bringing the mxture from (1V) to about
room terrpﬁrg’%te#\rée and renoving essentially all of the pore-formng
materi al s ans which do 5 not significantly affect the cross-I|inking,
whereby a physically cross-1inked

5 (II) dissolving said polymer in a material selected from the

group consisting essentially of:
() a single solvent for the polyvinyl alcohol and,
(ii) a mixture of solvents for the polyvinyl alcohol, to
form a solution;
10 (IIl) mixing the solution formed in (II) with a pore-forming
material;
(IV) submersing the mixture from (III) into a material
selected from the group consisting of:
(i) a solvent for the polyvinyl alcohol at low
15 temperature;
(ii) anon-solvent for the polyvinyl alcohol, and
(iii) apoor solvent,
to induce crystallization, gellation, coagulation, or a mixture of

crystallization, gellation, or coagulation, of the polymer;
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cellular polyvinyl alcohol is obtained. 8. Mthod of preparing physically
cross-linked cellular hydrogels, said nethod conprising the steps of: 10
(A) provivwprgoseepol yner capabl e of bei ng physical |l y crossPCirnisez12524 B)

di ssolving said polyner in a material selected fromthe group consisting

essentially of (i) ingle solvent for t viny] al cohol and, (ii) a
m xture of solvents REZIBE | }i}?ﬁ@llxlﬂélfecgﬁma‘%btq 6{9%1%1'0% solution; (O

m xing the solution from(B) with a material selected fromthe group

consistin I &tmﬁg m xture
of surf acg gﬁ?@/ﬁeﬁg%ﬁt%hov g)ed%? 1rgljgit5 ﬂ??\dgl gg.lﬂ(ijé/ ture; m\%é%%l %2678

PCT/ US02/ 12524 (D) cooling the frothed m xture from( C) to a tenperature
at  whi ch meanpuoihjele domot signifecapdlypaffect the crassslinking, whereby aessenti al |y
removi ng any sol vent present in the frothed m xture by a neans which does

o ef cvat SRR hdmelpb® cEaRY, BolyneFjs Botiledool g the mxture to
about room tenperature whereby a
5

7. A method of preparing physically cross-linked cellular hydrogels, said
method comprising the steps of:
(I) providing a polymer capable of being physically cross-linked;
(II) dissolving said polymer in a material selected from the group
10  consisting essentially of:
(i) asingle solvent for the polyvinyl alcohol and,
(ii) a mixture of solvents for the polyvinyl alcohol to form a
solution;
(IIT) mixing the solution formed in (II) with a pore-forming material;
15 (IV) submersing the mixture from (II) in a bath consisting of an

aqueous solution of a material selected from a group consisting essentially

of:
a. asalt,
b. an acid at low temperature and,
20 c. abase,
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physically cross-linked cellular hydrogel is obtained. 9. A nethod of
preparing a physically cross-linked cellular hydrogels, said nethod

conpri si ryotokwssreps of . 10 (A) providing a pol ynmer capablreTafSobeisny
physically cross-linked; (B) dissolving said polyner in a materi al
selected from consi sting essenti.al.l a singlg sol vent
for the pof cywiﬂﬂ %Wé&?ﬁb@agﬁaa gellation, ¢ragulpto ¢ S5 31chibbRafion Bhe e pol yvi nyl
al cohol to forma is solution; (O mX| ng the solution from(B) with a
mat eri al r&% | le of : (i) a surface
active agesﬁy %‘Qatgl |’)rgéalbd§nlg<tgure sur acgg%}gs ve aggnts 20 and frothing
said m xture; 57 WD 02/092678 PCT/ US02/ 12524 ( é cooling the frothed

m xture from ( (&) t bringiagibe mixtarefromkl éhta Abopbroomrteniperatnd engo

physi cal cross-linking; (E) bringing the m xture to about roomtenperature

Net nod of TSPRSIPERSSHRGENE I O GRS Fohi e AT U mRRhE o

5 not significantly affect the cross-linking, whereby a physically cross-linked

cellular polyvinyl alcohol is obtained.

8. Method of preparing physically cross-linked cellular hydrogels, said
method comprising the steps of:
10 (A) providing a polymer capable of being physically cross-linked;
(B) dissolving said polymer in a material selected from the group
consisting essentially of:
() a single solvent for the polyvinyl alcohol and,
(i) a mixture of solvents for the polyvinyl alcohol, to form a
15 solution;
(C) mixing the solution from (B) with a material selected from the
group consisting essentially of :
(i) asurface active agent and,
(i) a mixture of surface active agents

20 and frothing said mixture;
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met hod conprising the steps of: (A) providing a polynmer capable of being
physically cross-linked; (B) dissolving said polynmer in a materi al

sel ect ed Wopenio9dses group 0 consisting essentially of: (i)pca/usongses sol vent
for the polyvinyl alcohol and, (ii) a mxture of solvents for the polyvinyl

al cohol, to for solytion; (C mxing the saolytion fornmed in (B) with a
mat eri al sel ect Z@%f rﬁﬁﬁ)ﬂ@g%gﬁéi(‘giiégﬂn%ﬁﬁ gftqnﬁ @s%r‘f‘t‘iemﬂ’%mtﬂrﬁ éti ) a
surface active agent and, (ii) a mxture of surface active agents, and

frothi ng Sghi&hihst ; : ' t t i e from(C) to a
tenperature ath .gﬁwgp%”ﬁgqg{oﬁ%&ﬂﬁsﬁﬂﬁggﬁ go physical cross-Iinking;
58 WO 02/092678 PCT/ US02/ 12524 (E) subnersing the mxture from (D) into a
bat h consi st i ndE)essssentilly remosingany isel vent present iy the frothegh aminsture
consisting of: (i) a solvent at |ow tenperature for the polyvinyl alcohol,

5. (11) 2 B SPLATLIAF abBEnBPSUALkndl) S8k he oIS iARRE! 501 vent For
5 (F) bringing the mixture to an elevated temperature for a period of
time and cooling the mixture to about room temperature whereby a
physically cross-linked cellular hydrogel is obtained.
9. A method of preparing a physically cross-linked cellular hydrogels,
said method comprising the steps of:
10 (A) providing a polymer capable of being physically cross-linked;
(B) dissolving said polymer in a material selected from the group
consisting essentially of:
() a single solvent for the polyvinyl alcohol and,
@) a mixture of solvents for the polyvinyl alcohol to form a
15 solution;
(C) mixing the solution from (B) with a material selected from the
group consisting essentially of :
() asurface active agent and,

(ii) a mixture of surface active agents

20 and frothing said mixture;
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(iv) an aqueous solution of a salt, (v) an aqueous solution of an acid at
| ow tenperature, and, 10 (vi) an aqueous solution of a base, to induce
cryst al | iwatozome7giel | ati on, coagul ation, or a m xture of PcmyEsALISRZ At ON,
gel l ation, or coagul ation of said polynmer whereby a physically

cross-|inked cel Jul ar pol r . s, ohtajned. .15 Vet hod of preparing
physi cal | y crosgbgi n%ﬁn%ﬁ%ﬁé}thﬁa@%ﬁgesﬁo%i#) RRAHSIRGABHESAIng t he
steps of (A) providing a polynmer capabl e of being physically cross-Iinked,

(B) di ssolyhng ! gpgghgg%ﬁniﬁh&r%lgfg}fgéal%gmmiﬁsgom the group

consi sting essenti : 20 59 92678 PCIT/ USB2/ 12524 (i) a single
solvent for the polyvinyl alcohol and, (ii) a mxture of solvents for the
pol yvi nyl al colﬁEﬁ), vingangithe neigiture tonabg@) roem itegppenatuse wherehyfaor ned i n
(B) with a material selected 5 fromthe group consisting essentially of

(1) a surface; AGh 4osA9MeBEuld’ hyrdBel i¥'oBtRhegyr face active agents,

and fr ot hi

5
10.  Method of preparing physically cross-linked cellular hydrogels, said
method comprising the steps of:
(A) providing a polymer capable of being physically cross-linked;
(B) dissolving said polymer in a material selected from the group
10 consisting essentially of:
(i) a single solvent for the polyvinyl alcohol and,
(ii) a mixture of solvents for the polyvinyl alcohol, to form a
solution;
(C) mixing the solution formed in (B) with a material selected from
15 the group consisting essentially of:
(i) asurface active agent and,
(i) amixture of surface active agents,
and frothing said mixture;
(D) cooling the frothed mixture from (C ) to a temperature at which

20 the polymer will undergo physical cross-linking;
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m xture; (D) cooling the frothed m xture from( C to a tenperature at
which 1o the polynmer will undergo physical cross-linking; (E) subnersing
the m xt uwe okwogsr§ D) i nto a bath consisting of an aqueou®Czaisoy/izse of a
material selected fromthe group consisting essentially of (i) a salt, 15
(ii) an acid at _|ow tenperature, and, (il Iﬂséa base, to induce

crystal | i zat i oE)gesubmersing thoagmtuta fronn (D) intoca bash epnsistipg: al | i zat i on,
gellation or coagul ation of said polymer whereby a physically cross-Ii nked

cel |l ul ar J» |_cohol -11S P T/ US02/ 12524 12.
A et hod %%ls%lﬁé%?”) g’;‘”g‘ﬁ@ésrﬁéc é)étglriosgml t%%é@u@zécﬁ%%%ﬁ%y rogels, said
nmet hod conprising the steps of. (I) providing a polynmer capable of being
physi cal |y cross-1inked; (i) ld oldessal law geraperhtpnod Yorthe polyvimyler i al
selected fromthe group 5 consisting essentially of: (a) a single solvent

for the p%i vi nyl al cohol and, (b) a m xture of solvents for the polyvinyl
al cohol , sol ution;

5 (i) a non-solvent for the polyvinyl alcohol,
(iii) a poor solvent for the polyvinyl alcohol ,
(iv) an aqueous solution of a salt,
(v) an aqueous solution of an acid at low temperature,
and,
10 (vi) an aqueous solution of a base,
to induce crystallization, gellation, coagulation, or a mixture of
crystallization, gellation, or coagulation of said polymer whereby a

physically cross-linked cellular polymer is obtained.

15 11. Method of preparing physically cross-linked cellular hydrogels, said
method comprising the steps of:
(A) providing a polymer capable of being physically cross-linked;
(B) dissolving said polymer in a material selected from the group
consisting essentially of:

20
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(1'11) mxing the solution from (Il) wth material selected fromthe 10
group consisting of: (a) a surface active agent and, (b) a m xture of
surface awoDiR@Imoents; (1V) mxing the solution formed i nPCrlusp2/wiseh a pore
formng material consisting essentially of. 15 (a) a non solvent for the
pol yvinyl al cohol; (b) a poor solvent for the polyvinyl alcohol; (V)

provi di ng condi ti ongi)at asingle salgepbfontine polywigyhglcahbl andnder go physi cal

cross-linking; (VI) bringing the mxture from (V) to about room

A o e e e S T

cross-linking or pore-formng material, (VIIl) heating the material at an
el evat ed tsehgpeomt ure for a period of tine fromten seconds to eight hours,
and, 5 (I X) cooling the mxture from(VIIl) to about roomtenperature and

affect the or o460) i RIS Hiereluton KpaIRgonasy o ahapsen selgited 15
obtai ned. 13. A nethod of preparing physically cross-linked cellular
hydroggl s.from the group consisting essentially of:
(i) asurface active agent and,
(i) amixture of surface active agents, and frothing said
mixture;
(D) cooling the frothed mixture from ( C) to a temperature at which
10 the polymer will undergo physical cross-linking;

(E) submersing the mixture from (D) into a bath consisting of an
aqueous solution of a material selected from the group consisting essentially
of:

(i) asalt,
15 (i) an acid at low temperature, and,
(iii) abase,
to induce crystallization, gellation , coagulation or a mixture of

crystallization, gellation or coagulation of said polymer whereby a

physically cross-linked cellular polyvinyl alcohol is obtained.
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to said nethod conprising the steps of. (I) providing a polynmer capabl e of
bei ng physically cross-linked; (11) dissolving said polyner in a materi al
sel ect ed Wopenio9dses group consisting essentially of: (a) aPsirnghr125e4 vent
for the polyvinyl alcohol and, 15 (b) a m xture of solvents for the

pol yvi nyl alcohol, to forma solution; (lI1l) mxing the solution from(I1)
with a matlek.i alA se¢thodeof preparitgephysioally coosi-tinked cedbdat hydtogeds,, 62 WO
02/ 092678 PCT/ US02/ 12524 (a) a surface active agent and, (b) a m xture of
surface acft ts: . 1X1 he. solution formed in (I1l1) with a
pore-form%%bd%g§aicamb‘:)‘%%‘?iﬁ‘en%ggégzntiaI ly of 5 (a) a non-solvent for

t he pol yvinyl alcohol and, (b) a poor solvent for the polyvinyl alcohol,

and di sper si ng (I} heprovidid@anpolymet espatlelof tsaihj isienltyherosallidked: t o
hi gh shear rrixi(n)g; p(\/) prg(;vinlcaii ng conditions at %hq??h the}hpolyrrer from(1V)

wi Il undergo physical cross-ljpking;, 10 (VI) bringing t m xture from (V)
to about room't er‘gﬁﬁﬁﬁymgF%d]POEg‘Wyim@miﬁlisﬁl¢ eé&?omﬁélemts by
a means whi ch does

5 consisting essentially of:

A

(a) a single solvent for the polyvinyl alcohol and,
(b) a mixture of solvents for the polyvinyl alcohol? to form a
solution;
(III) mixing the solution from (IT) with material selected from the
10  group consisting of:
(a) asurface active agent and,
(b) amixture of surface active agents;
(IV) mixing the solution formed in (III) with a pore forming
material consisting essentially of:
15 (a) anon solvent for the polyvinyl alcohol,
(b) apoor solvent for the polyvinyl alcohol;
(V) providing conditions at which the polymer from (IV) will
undergo physical cross-linking;

(VI) bringing the mixture from (V) to about room temperature;

61



not significantly affect the cross-linking or pore-formng material, (VIII)
heating the nmaterial at an elevated tenperature for a period of tine from
ten secomie ko9swirgght hours, and, 15 (I X) cooling the m xt eca/dsopmsgvl11) to
about roomtenperature and renoving the pore-formng material by a neans
whi ch does not 63 WO 02/092678 PCT/ US02/ 12524 significantly affect the
cross- | inki ng, (M) elrgmovipgregsertaaliy glicthlel satwents yah insears which deds 5 10
15 20 64

not significantly affect the cross-linking or pore-forming material,

(VIII) heating the material at an elevated temperature for a period of
time from ten seconds to eight hours, and,
5 (IX) cooling the mixture from (VIII) to about room temperature
and removing the pore-forming material by a means which does not

significantly affect the cross-linking, whereby a sponge having collapsed

walls is obtained.

13. A method of preparing physically cross-linked cellular hydrogels,

10  said method comprising the steps of:

(I) providing a polymer capable of being physically cross-linked;

(II) dissolving said polymer in a material selected from the group

consisting essentially of:

(a) asingle solvent for the polyvinyl alcohol and,

15 (b) amixture of solvents for the polyvinyl alcohol, to form a

solution;

(III) mixing the solution from (II) with a material selected from the

group consisting essentially of:
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(a) asurface active agent and,

(b) amixture of surface active agents;

(IV)  mixing the solution formed in (IIT) with a pore-forming

material consisting essentially of:

5 (a) anon-solvent for the polyvinyl alcohol and,

(b) apoor solvent for the polyvinyl alcohol, and dispersing

the pore forming material by subjecting the solution to high shear mixing;

(V) providing conditions at which the polymer from (IV) will

undergo physical cross-linking;

10 (VI) bringing the mixture from (V) to about room temperature;

(VII) removing essentially all the solvents by a means which does

not significantly affect the cross-linking or pore-forming material,

(VII) heating the material at an elevated temperature for a period of

time from ten seconds to eight hours, and,

15 (IX) cooling the mixture from (VIII) to about room temperature and

removing the pore-forming material by a means which does not
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significantly affect the cross-linking, whereby a sponge having collapsed

walls is obtained.
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