Resilient Cellular Polynmers Conprising the Reaction Product of an_Am ne
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i;ntion This invention concerns providing resilient“Tellular polyners '
.!ifable for use in products for a5§6rbing body fluids such-as sanitary
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have been considered as well as polyester foams and cellulose

foam.
15 . :
While, in the main, such prior suggested foams have been

capable of absorbing body fluids to varying degrees, the
properties of these prior materials have falleh short of
those.preferred for products such as are considered
20 herein. 1Ideally, fér a product 'such as a diaper,
sanitary napkin or catamenial tampon, a foam material
shoulé provide substantial capacity for absorbing body
fluids. Thé foan should be resilient and soft so as to
provide user comfort and conform to the body as the user
25 exerts stress on the product when worn. The foam should
be able to efficiently carry fluid deposited on its
surface into the body of the foam, i.e. the foam should
exhihit ’eﬁficient wicking. MNeedless to say, the foam
should .consist solely of biologically acceptable material.
30 -
Prior suggested foams have, in one respect or another,
fallen short of these ideal properties. For exanmple,
cellulose and polyvinyl alcohol foams are stiff and
uncomfortable. Polyurethane and polyvinyl chloride foanms
35 are sof:t and resilient and may be modified to be absorbent



30 Prior -suggest ed foans have, in-one-respect or another, fallen shg

of
t hese ideal properties. For exanple, cellulose and pol yvinyl alcohf(ﬁ‘oan%
are stiff and unconfortable. Polyurethane angd pol yvinyl chloride f(@ 35 .

are soft and resilient and nay be nodified to be absorbent -2- T
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there is a need | 'ul ar pol ynmeric materi al i.e nL nor e
chosel y approacKéSkifgal AFERERINGLY.5tRARARis Bf NERE FﬂVeﬁtFB lPﬁ

accor dance Mﬂthﬁbmkﬁerm&emhtéﬁla@ cel eyl ar rpamynRhi6énmabeei alosa1provi ded
whi ch conbi nes: t he desj erties of absorbency, softness,

resiliency, effPBPEREC 5kﬁﬁ§a nBrBPSF%Q?ﬁaI conpatability to a degree not

found inSany prior material. Specifically, it has been discovered that such

an absor bent, fggﬁhghi ﬁ@e%hglgggeﬁ@kgular f oam nmay be provided froma
pol yneric mat e reaction product of at |east

one epoxy resin and an amne term nated poly (al kyl ene oxide) being: a) a
mxture of an amhnecterfeAdteditRokieshyheeRteshieh aBdianaanpbeyheritnat ed

(polypropyl ene Oxkg%{al is provided which combines the desired properties
10 of absorbency, softness, resiliency, efficient wicking
and biological compatability to a degree not found in any
prior materiél. Specifically, it has been discovered that
such an absorbent, flexible, resilient cellular foam may
be.prévided from a polymeric material which comprises'the
15 reaction proddut of at lest one epoxy resin and an amine
" terminated polg (alkylene oxide) being: ’
' a) a mixture of an amine terminated (polyethylene
oxide) and an amine terminated (polypropylene oxide);
b) an_amine terminated copolymer of ethylene oxide
20 and propylene oxide; or
. ¢) a mixture of b) and at least one of an amine
terminated (polyethylene oxide) and an amine terminated
(polypropylene oxine),
the ratio of ethylene oxide groups to propylene oxide groups
: 25 in the amine terminated poly (alkylene oxide) being from
1 to 15, and
the ratio of epoxy groups to amine groubs in the reaction
mixture being from 1 to 3.

) 30 Préferably, the ratio of ethylene oxide groups to propylene.
oxide groups is from 3.0 to 10.0. For convenience, it is
peeferred that copolymers of the alkyiene oxides are employed. -

‘A wide variety of epoxy monomers and polymers are suitable
35 for use and are well known in the art. It is preferred
that the epoxy resin be supplied to the reaction mix such
that in the aggregate, the reaction mixture comprises from
1.2 to 1.8 epoxy groups per amine group. The'epoxy resins




b) a m fe term nated copol yner of ethyl-ene -oxide 20 and propylene .
oxi de; c) a mixture of b) and at |east one of an anine termninated

(poly | ene oxide) and an anmine t®®minated (pol ypropyl ene OXIde) -t he
ratio o Iene oxj de .groups to yl ene oxi de groups 25° _in the
ani ne’. ter‘% é‘d’ “pol3 % 1"Ig\?y‘gne a(g;gf@@%y WYt Srlom t %etrtﬁ ¥4, and the ratio of
epoxy gr ewsshenodisi,nghgr dupphendifse hardeld amaTiogrhma Heing from1 to 3. 30
Preferably, the ratio of ethylene oxide groups to propylene: oxi'de groups is.
from3.0 to 10.0. For convenience, it is preferred that copolyners of the
al kyl ene oxi des are e |
aressuitable 35 OHknown in the art. It is
preferred that the epox} ied to the reaction m x such that in
t he aggregate, the reactlon m xture conprises from1.2 to 1.8 epoxy groups
per am ne group. The epoxy resins -3- of choice are the di- and
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5 wher cont
¢, 0, S, and/or N and more preferably, an alkylene or
10 alkylidene groups containing 1 to 8 carbon atoms or still

more preferably 1 to 6 carbon atoms.

The foam is prepared by.combining the reactants at roon
temperature or more preferably at an elevated temperature

15 to form an intermediate reaction product which is prefe:r-
ably at the point in the reaction just prior to gelation.
A blowing agent then is introduced to create .the cells of
the foam. A preferable blowing agent is one which
releases CO, gas upon activation and, when this is used in

260 combination with the teachings of this invention, the
resulting'foam advantageously exhibits a snow-white
appearance.

Detailed Description of the Invention

25
The invention provides a foam which is the reaction
product of amine terminated poly(alkylene oxide) and epoxy
resin.

30 The amine terminated poly(alkylene oxide) may be in the
form of mixtures of amine terminated poly(alkylene
oxldes), copolymers of alkylene oxides such as random
copolyners or block copolyners,'or even mixtures of the
above. It is important however, that such reaction mix-

35 ture be provided with a sufficiently high enough ratio of
ethylene oxide groups to propylene oxide groups so that
the resulting reaction ptoduét has the desired degree of
hydrophilicity. On the other hand, this ratio of ethylene

o/

ari ety of epoxy nononmers and pol ynmers
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C, 0,~S,-and/or. N and nore preferably; an al kyl ene or 10 al kyl i dene group
containing 1 to 8 carbon atons or still nore preferably 1 to 6 carbon
atefrs. The foamis .prepared by combining the#Teactants at roon1tenperrtd%%
or nore preferably at an elev$ted temperature 15 t% orglan in%@% di ate
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a foam which is"the“reaction praoduct of, am ne term nated pol y(al kyl ene

oxi de) and epoxyBLOdNs PeFy PROPYAENFe OXddf #HOMP pol y(al kyl ene oxi de) may be
in the formof mxtures of amne term nated pol y(al kyl ene oxi des),

copol yners of alkyl ene oxides such..a CQBS| r BEK .

‘copol yners, _or eA\Vé‘ﬁ’em pEe ﬁ&&elyz(t)g&\?(&a%ﬁe S |dye ortsaar%t cﬁgomevecrl,altll'}'at
such reaction nmiavaidaile,.e dre Fueh deine thedngfttiecisaniles wWfpodymagts sold
ratio of gphyle e HehiR 0P e FI0URS S O dtd, tWiier the
resultingféeactﬁﬁhqﬁ#ggﬁ%{ agzthe desired degree of hydro hiIiciIgL On the
ot her hand, thist®n emARK %ﬁqﬁﬁqﬂﬁge". A particularly ‘useful series of

Jeffamine compounds are designated by Texaco as Jeffamine

ED compounds and have the structure:

1% . -CH3 CH3 . CHa
H ,NCHCH ,— ( OCHCH ;) g—( OCH 5CH ) p—( OCH ,CH) cNH ;
These block copolymers are derived from propylene oxide-
capped polyethylene lecol and are available from Texaco

20 as compounds wherein the a, b, and c values are in the

following ratios:

Apprbximate value of

Jeffamine Compound b_ a+c

25 ED-600 13.5 3.5
ED-900 20.5 3.5
ED 2001 . 45.5 3.5

Suitable foams have also been prepared by combining thesc

30 anine terminated poly(alkylene oxides) with a polyoxy-
propylene amine soid by the Texaco Chemical Company under
the name JEFFAMINE T-403 and having the following chenical
structures.

35



oxi de to propyl ene oxi de groups nust be |ow enough to produce a react.ion
product with the desired resiliency. The range for this.ratio which -
pi6 es a suitably hydrophilic, resilient foamis from2 tg 15 et hyl ene W

0 groups per 5 propyl ene oxi de group and peferably from3 to 10

et g&ne oxi de groups per propyl ene oxide group. Am ne term nated

pol’yal kyl ene oxide)s are commercialdy avail able, one such source being the
series of polyners sold 10 by the Texaco Chemical Conpany of Bellaire

Texas, under the tr ne" A-particularly useful series of ~
Jef fam ne conp ﬁnd?égﬂgﬁdg§ﬁéﬁ by Texaco as Jeff-am ne ED conpounds and :

have t he ﬁ HC UEE366582CH(CH9H5 These bl ock copol yners are derived from

propylene é pol'ye é gl ycol and are avail able from Texaco
20 as conp g b, and c values are in the follow ng
rativs: ApprOX|H qﬁc %&Zbg ) éhlne Conpound b a +
c 25 ED7600 ] . _ 13.5 3.5 ED- 900

20.5 WHErEPn20Ré sun of x + y + z is equald®dd ahout B . table foans
have al so been prepared by conbi ning these 30 am ne term nated

pol y(al kyl ene oxides) wth a pol yoxy-.
Many epoxy monomers and polymers are suitable for use. Suzh

10 epoxy resins have already been suggested for use in pro-
viding hydrophobic foams from amine-terminated liquid
polyners and are described in a European Patent Applica-
tiop number 80107479.0, of the B. F. Goodrich Company.
claiming priority to a United States application filed c-

15 Decenmber 3, 1979, and published June 24, 1981, The epoxy
resins described therein and usable in producing the
resilient, absorbent, hydrophilic foams of this invention

. contain at least an avetage of 1.7 epoxy groups per
molecule, more preferably from 1.7 to 4 epoiy

20 " groups per molecule, and even more preferably from
1.7 to ) 2.3 epoxy groups per molecuie. The epoxy
resins may be liguids or low-melting solids but are pre-
ferably liquids having a bulk viscosity fron " 200
centipoises fo 2,000,000 centipoises, measured using

25 a Brookfield RVT viscometer at 25°C. The epoxy resins czn
have an epoxy equivalent weight, i.e. gram molecular
weight per epoxy qroup, from 70 to 6,000, mcre
preferably from .70 to 2,000. Examples oF '
suitable polyglycidyl esters of polycarboxylic acids

30 include the diglycidyl ester of linoleic dimer acid and the
triglycidyl ester of linoleic trimer acid. "
Suitable glycidyl ether resins include polyallyl glycidy.
ether, the diglycidyl ether of chlorendic diol, the
diglycidyl ether of dioxanediol, the diglycidyl ether of

35 endomethylene cyclohexanediol, epoxy novolac resins,
alkanediol dzglyc1dyl ethers and alkanetr-ol trlglyc;dyl
ethers. :
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wherein X is an alkylene or alkylidene group containing
from 1 to 10 carbon atoms, more preferably from 2 to 6
carbon atoms, and n ié frgm 1 to 25, more preferably fron
"1 to 15. Suitable alkanediol diglycidyl ethers include
ethylene glycol diglycidyl ether, propylene glycol
diglycidyl ether and butanediol diglycidyl ether

) Other more preferred glycidyl ether resins 1nc1ude
-‘alkanetriol triglycidyl ethers wherein the alkane group
contains from 2 to 10 carbon atoms, more preferably from 3
to 6 carbon atoms, such as glyceryl triglycidyl ether or the
triglycidyl ether of trimethylolprépane.-

This class of glycidyl ether resins produces a foan, in
accordance with the teachings of this invention, which is
soft, absorbent and resilient. Unfortunately, this group
reacts disadvantageously slowly. A most preferred class
of glycidyl ether resins is the di- and polyglycidyl
ethers of bisphenols, the bisphenols having the forntla

wherein R is a bivalent radical containing 1 to 8 atoms of
C, 0, S and/or N, more preferably an alkylene or alkvli-
dene groups containing 1 to 8 carbon atoms, and even more
preferably an alkylene or alkylidene groups containing 1

to 6 carbon atoms. Examples of suitable bisphenols

include methylene bisphenol, isopropylidene bisphenol,
butylidene bisphenol, octylidene bisphenol, bisphenol



have an epoxy equival ent weight, i.e. gram nolecul ar wei ght per epoxy.
group, from - - 70 to 6, 000, nore préferably.from 70 to

2,00 anpl es of suitable polyglycidyl esters of polycarboxylic acids 30(,
inclu e diglycidyl ester of linoleic dinmer acid and the triglycidyl
ester linoleic trinmer acid. Suitable glycidyl ether resins include

polyallyl glycidyl ether, the diglygidyl ether of chlorendic diol, the

di gl yci dyl ether of dioxanediol, the diglycidyl ether of 35 endonet hyl ene, __
cycl ohexanedi ol , epoxy novol ac resins, al kanedi ol diglycidyl ethers and _
al kanet r isgil fiideyl \Risghenoheether and-bibspeepokfaniesl gl yci dyl ether resins
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pr ef er ablfpay anith tthel desited gt epéat kbeedbot aigbyisdghieehers incl ude

et hyl.ene _al_ygal  di gl ycidy h y e yeol di gyl er and
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i ncl ude the tdadchings f tthiig ybnvgmtionhers wherein the al kane group

The proportions of epoxy resin to amine terminated
poly(alkylene oxide) in the reaction mixture may vary over

10 a substantial range. “the ratio of active
epoxy groups to amine groups ranges from 1 to 3,
Preferably this ratio varies from 1.2
to 1.8 epoxy groups per amine group. .

15 The production of the foams of this invention is best
carried out using a two step process consisting of first
performing an intermediate_reéction step and then foanming
the reaction m;xture as polymerization continues,

20 The intermediate reaction step is carried out by first
mixing the epoxy resin and amine terminated poly(alkylene
oxide) in the proportions taught herein. The reaction
mixture is then heated and maintained at a reaction
tempefature which may range from - 25°C to

25 130°C. In practise, temperatures much below 50°C will
require a disadvantageously long reaction time whereas
tenperatures above 110°C will reéult in a reaction time
which is too short and hence difficult to control.
Accordingly, a preferable temperature range is between

30 ° 50°C and 110°C with a range of 65°C to

" 110°C being most preferable. As the reaction
proceeds and polymerization occurs between the epoxy resin
aﬂﬁeaiﬂreig,em:lnated-poly(alkylene oxide), the viscosity of
the reaction mixture rises. The degree of intermediate

35 reaction may be monitored and controlleé by a continuous
or incremental measurement of the reaction mixture



contains from2 to 10 carbon atons, nore preferably from3 to 6 carbon
atons, ~such as glyceryl triglycidyl ether or the triglycidyl ether of
tPrhethonIpropane 20 This class of glycidyl ether resins produces. a2 -
)
szaély

foam in accordance with. the teachings of this invention, which is ‘
~absorbent and resilient. Unfortunately, this group reacts di sadvant
sl.owly. A nost preferred class of glycidyl ether resins is the di- and -
ﬂabygly0|dyl 25 et hers of bisphenol s, s bi sphenol s having the formul a
[ERR] 30 wherein Ris a bivalent radical containing 1 to 8 atonms of C, O

S and/or N, nnre1pmehamqblyA&Neﬂd@ﬂn&ﬁixy'Qﬂh@ﬂ|prqnﬂn$kﬁ$nﬁﬁﬂkﬁmhﬂm ning 1
to 8 carbon at OEE’af%{}‘laer %ﬂrc%‘t%r qsl?lér/m‘?gb égg I Qe Adadd idane

groups cont ai ni ng carbon ato es of suitable bisphenols 35

i ncl ude net hyl eme gbi seNFHEY v ﬁ&mﬂx\t?eanﬁ%wﬁhanmlyl% ctrica
- bi sphenol, oct ylg-dgig thiezphenol , bi sphenol -7- sulfide, bisphenol ether
and bisphenol am neé Excellent results were obtai ned using isopropylidene

bi sphenol . Phe latter epoxy resin not only produces a foamwth the desired
properties but Fredpeapives & whatamropertiks saresusedi taeaswre (e i n

connection with {he feACHNGhOlrddUiSidAV Y | reaction proceeds, the

mixture passes from the liquid state to -that of a rela-
“tively inelastic solid. The transition state between

10 liquid and solid is generally referred to as the gelation
state and, ideaily, it is just prior to this point in the
reaction process that a blowing'agent should be introduced
to produce a stable foam having uniform cells. Too early
an introduction of blowing agent results in the gas

15 diffusing through the relatively liquid reaction mixture
and hence failing to form stable cells. Too late an
introduction will result in the now substantially solidi-
fied reaction mixture being too 1ne1ast1c to allow the gas
to form cells.

20
It has been discovered that advantageously a foaning agentis
introduced when the reaction mixture reaches a viscosity
of from 1000 cps to 12,000 cps (measured at
25°C). Depending primarily on the temperature at which

25 the reaction is run, typically such viscosity range can be
reached in a time period of as short as 10 minutes or as
long as two hours.

A wide variety of foaming agents may be employed. For
30 example, certain compounds may be introduced which release
gases upon heating. Exanmples of this type of foaming
agent are azo bis(isobutyronitriiﬂ and benzene sulfonyl
hydrazide which release nitrogen gas when heated.

35 A preferred method of foaming is to mix into the reaction
mixture a compound or mixture of compounds such as sodiun



The proportions of epoxy resin to amne term nated pol y(al kyl ene OX|de) in
the reaction m xture may vary over 10 a substantial range. '
The rati'o.of active epoxy groups to am ne groups range fron1 L 1
to 3. Preferably this ratio varies from 1.2 to © 1.8 epoxy
groups “am ne group. 15 The production of the foanms of this invention,
I s best ried out using a two step_process consisting of first perfornlng
an inter i ate reaction step and t igh foam ng the reaction m xture as .

pol yneri zati on continues. 20 The internmedi ate reaction step is carried
out by firecarbonatg ohesediuy biésanbandtewri ntposer theaeddigdbn( alfkyl ene

oxi de) i n L 0ppPoALisner LSSl NeREL]. tgggersaﬁ\kbgﬁd@ ¥edke i3 then

heat ed and nar nt al ned reaction tenperature range from

[ERR] to 2seleasmprarbopn QiqridecgasehpeParirEs ﬁhéthGPé\Wg[ ERR] will
reqU|reiiShfiﬁkﬁétQSﬁ@§S6# 461§ ESﬁﬁbbﬁBstwﬁéﬂmﬁgeas temperatures above

[ ERR] sult in.,a rea .S too_short and hence difficult
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[ ERR] and acetic, [ EBRR}iciand acitanipe, dodium tiddiRN|td 0 drikRido thaidiginiost
preferabl e roceeds and polynerlzatlon occurs between the
epoxy re5|$fh r% &n ﬁﬁgégggegnlnated pol y(al kyl ene oxide), the viscosity
of the reaction nixture ri ses. - The degree of internediate 35 reaction

may be WDni'ﬁ&rf‘daﬁﬂﬁg cag@ﬁ@élﬁéybveaaaaealauouﬁeOinuaaasrreabahymasur enment
of thﬁ reacti pn m x

zation reachon mixture when such mixture is at a
temperature of from 30°C to - 110°C., Preferably, to

have a controlled release of carbon dioxide,_

o’

k=

the reaction mixture should be at a temperature ranging
fron 40°C to go°C. Accordingly, it may be

15 necessary to first reduce the temperature of ;he'initial
copélymerization reaction mix prior to adding the foaning
agénts. After foaming is initiated, the foaning is

conpleted by heating, preferably in an oven for five
to ‘twenty minutes -at an elevated temperature ranging
20 from - 120°C to 140°C.

Examplés 1-6

A series of foams are prepared by reacting various corbi-

25 nations of Jeffamine amine terminated poly(alkylene oxide)
polymers with epoxy resins in an intermediate reaction
step, cooling the reaction mixture, in some cases, and
then combining the reaction mixture with blowing agenis bt
mixing the blowing agents into the reaction mixture for

30 about 30 seconds. The reaction mixture is then foamed and
cured by heating in an oven at various temperatures over
various time intervals. Table 1 below sets out the
starting reactants (in parts by weight) and conditions
under which these reactants were combined in the initial

35 copolymerization step:



-8- viscosity. Alternatively, other-properties could be neasured which
|ndi\=9ate t he progress of the reaction e g. density, refractive index or

used to neasure the pr of the reaction, as the reaction procegdg

mechani cal ‘or electrig erties. 5 Irrespective of what properties>are-
m xt ure passes fromthg Hl i d s}a@ecpoghcatgpf arela- tively ine .
soli'd. The transition tateobetween ) |IC|UId and solid is gener§ ,.'
referred to as the gelcstoo state and, ideally, it is just prior to S
point in the reactionfroc&s that a bl owi ng agent should be introduced to
produce a stable foantaﬁaw uniformcells. Too early an introduction of
bl ow ng agent resultsg gas 15 di ffusing through the relatively
liquid reaction m XtUuKe ané-henme baidi @y docf orm stable cells. Too late an
i ntroduction will I‘ESL&'[-lI he Sho® ﬁb?teﬁtf‘ally solidi- fied reaction
i xture being too inelSis |(§to allow the gas to formcells. 20 It has been-
di scovered that advantijge |y a foam ng agentis introduced when the
reaction m xture reachgs a‘ylscoslty of - from 1000 cps to
12, 000 cps (neasured ‘c G
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TERR]). Depending primarily on the tenperature at which 25 t.he reaction

is run, typically such viscosity range can be reached-in a tine period of |

as t as 10 mnutes or as long as two hours. A wide variety of *foam ng{™
ag may be enpl oyed. For 30 —ldganple, certain conpounds may be
i nt ced whi ch rel ease gases upon heating. Exanples of this type of 4

f oami ng agené ﬁgs_og,zgelgissgusco%byrm:ﬁmq agents beh et P$onyl hydrazid
whi ch T@Pé8s rfrogen gas when heate%::¥%n6g§ﬁgﬁggrred met hod of foami ng
is to geighnt antdhéhee FORMIRIMA SN A Conpound or mxture of compounds sud
as sodi um -9- carbonate or sodium bicarbonate. Upon the addition of a
suitable acid or acidic salt, these conpounds react to rel ease carbon

di oxi dee gas to performthe foam ng. Suitable acids or acid conpounds

i nclude 5 hydrochl ori ¢ acid; phosphoric acid, organic acids such as
acetic, lactic and citric. sodiumbisulfite, and potassi um di hydrogen .
phosphat e. The foanming agents may be added-to the initial copolyneri- 10

zation reaction mxture when such mxture is at a tenperature of from [ERR]

to " |[ERR]. Preferably, to have a controlled rel ease of carbon
di oxi de, the reaction m xture should be at a tenperature ranging



from . '40C to [ERR]. Accordi ngl K?\It may be 15 necessary to
fi (st reduce the tenperature of the initial Copol ynmerization reaction mx,
prior to addi ng t he foanmi ng agents. After foaming is initiated, the foani ng
is conpleted by beating, preferably in an oven for flve to Lot
‘twenty mnutes at an el evated tenperature ranging 20 from

140C. Exanples 1-6 A series of foams are prepared by reacting
cotgi - 25 nations of Jeffami ne anine terninated poly(al kyl ek
polymers with epoxy resins in an internediate reaction step, cou
reaction m xture, in sone cases, and then conbining the reaction m xture

with bl owi ng agents by nixing the bl owi ng agents into the reaction m xture
for 30 about 30 seconds. The reaction mxture is then foanmed and cured

by heating in an oven at vari ous'zeﬂrperatures over various-tinme intervals.
Table 1 bel ow sets out the stlagtighg|reactants (in parts by weight) and
condi ti ons under which these |[rgactalnts V\gr%cgnty’ngdén the initial 35
copol yneri zati on step: [oR g - - N @A
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{nd curlng condi tions: [ ERR] - 13- Sanples 1-6 are tested to
n#\ t heir various proper- ties. Absorbency, expressed as wei ght of W
orbed per unit weight of dry foamis determined by weighing a

sanpl~ thhe foamdry and then totally i mersing the foan sanple in a
container of water. The sanple is rep®ved fromthe container and wei ghed

wi t hout the appIiCation of external pressure. The results are reported

bel ow i1 Wl O METE O JELSE 06T aOERMOhe el PV, EBRE! LEOBY LS tested™

by appl yi dre to conpress a sa oam
originallﬂmqﬁu zﬁhﬁqnbﬁnQﬂin¢ﬁpt¢ﬁ5¢@aﬂ$|ﬂetabtc@ﬁpWéSSEdabﬁarbeﬁor one

m nut e. %%zpnﬁﬁssﬂv?elgg’é heg éﬁt eps&d, i‘QddéE'Srﬁi)ﬁQB' syabéwﬁ@ngoarecover
The percefit recovery, base he orlglnal of "t he Unconpressed

foam aft &2"He Rihdthe o‘?°‘?‘%c‘%¥ﬁér‘§/“‘? st’t‘%‘boF‘PE'a 191"1 aBrES3ngeklG, L9RR
density ofsddyld oiin & scatet £1menedf byateasurthg sheplentssirenceéda sanpl e of

foah‘ We'%@él éﬂ“aéggqunégland weighed without the application of
external pressure. The results are reported below in
units of grams of water per gram of'dry foan.

Resiliency is tested by applying pressure to compress a
sanple of the foan to 50% of its original height and
maintaining the foam in the compresséd state for one
minute, The pressure is then released and the foanm is
allowed to recover. The percent recovery, based on the
original height of the uncompressed foan, after one ninute
of recovery is reported in Table 3 below.

The density of the foam is determined by measuring the
diménéioq of a sample of foam, weighing the sanple and
repofting'the density in Table 3 below as the weight, in
grams, per unit volume, in cubic centimeters.

Vertical wicking is determined by immersing the tip of a

foam strip measuring 6.35 X 6.35 X 50.8mm (0.25 X 0.25 X 2 inch)
into a beaker of water while the strip is held

vertically (i.e. the-longitudinal direction is verticel)

above the beaker. The time required for the water to

climb 38.1 mm (1.5 inches) is recorded in Table 3 below.



reportihg‘the density i Tabl e 3-be|om1a§uthe meighf in grams, per unit
vol ume, in cubic centineters. Vertical wcking is deternined by inmersing
thé tip of ‘a foam strip measuring 6.35 X 6.35 X 50.8mm (0.25 X O. 25 %, 2

inch): into a beaker of water while the strip is held vertical t he
| ongi tudi nal direction is vertical.) above the beaker. The U|red
fer the water to clinb 38.1 mMmm (1.5 inches) is recorded in bel ow
[ERRI - Sanpl es 7-14 (Not according to the Invention). A-£2riys of
sanpl es are produced by using the procedure of exanples 1-6"w t he
exception that no foam ng agents are introduced, thereby resulting in
reaction products in the formof filns. This is done toillustrate the

effects of varying the ratio of epoxy groups to am ne groups (E/A) in the
initial reaction mx as well.-as the ratio of ethyl-ene oxi de groups to
propyl ene oxi de groups (EQ PO in the am ne term nated pol y(al kyl ene oxi de)
polymer. The foam ing step is elimnated to avoid the variables of foam,

cell structure and density in illustrating how the properties vary with
varying EQ PO and E/A ratios. The properties
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reported below in Table 4 are Young's Mdul-us and:the 3 ass Transition,

t enperaturgqWwWhich relate to rigidity and elasticity of the reaction )

.products.jﬂ?‘-r absorption is |ikew se recorded and is neasured by-wei ghi ng '\/
a sanple ¢ e film and then imrersing the filmin water for fourteen

days. The \wgi\ght of 'wat er absorbed exgressed as a percentage of the dry

wei ght of Lilm is reported in TabPe 4 bel ow. [ ERR] -17-

Referring now’to Table 4 and specifically to sanpl es 7, 9 11, and 13, it -

can be seen E'ﬂilea BIDnstape BARRdRld AP &b H 8ve ?’st E/A ratio ol
rom

I ncreases to 2.03, the Young's us I'nc from 160 to 796
and the glass 5 transition tenperature increases from-17C to [ERR]. This
i ndi cat es an sewiemgthgsanples tarandroducedt byi upingt khenprogednygeEOA

ratio. FUrdiginpide ol b1 S cendakcaBe Ll Ehle’ Aol 2oRREREIREIALE arkhr OUN

the range o e wat er _absor bency egreases ro to 7. 7%

Simlarly, N&Rﬁ?q¥ﬁ?é;|?EFY?P%aﬁ$FB§tB“glb“ I?a°§h8“13r° pcts in the

form of films. This is done to illustrate the effects of
varying the ratio of epoxy qroups to amine groups (E/A) in
the initial reacticn mix as well as the ratio of ethylene
oxide groups to propylene oxide groups (EO/PO) in the
anine terminated poly(alkylene oxide) polymer. The foan-
ing step is eliminated to avoid the variables of foam cell
structure and density in illustrating how the properties
vary with varying EO/PO and E/A ratios. The properties
reported below in Table 4 are Young's Modulus and the

" Glass Transition temperature which relate to rigidity and
elasticity of the reaction products. . Water absorption is
likewise recorded and is measured by weighing a sanplé of
the film, and then immersing the film in water for
fourteen days. The weight of water absorbed exbressed as
a percentage of the dry weight of the film, is reported in
Table 4 below.




a second constant value of EQ PO ratio of 5.85, the above 15 descri bed
rel at.i onshi ps pertain. The :abeve data is consistent with )\ scovery t hat
the’ E/ A ratio nust be:careful |y bal anced to produce a fg r-r( pol ymer -
suitabl e for use in accordance with the teachings 20 s invent'i on
At high E/A ratios the polyner is too H‘g‘t%l'and i nel astiC; and
concomtantly the resulting foamw | be inflexible. Further, the foam
will be relatively non-absorbent. At low E/A ratios the polynmer is weak,
extrenely elastic and in sone instances di sadvantageously 25 - tacky.
Accordingly, cell walls wll collapse during foam ng and curing. By
operating within the range of E/A ratios prescribed herein suitable foans
‘may be provided. Again referring to Table 4, reference is made to the set
30 of paired sanples 7 and .8, 9 and 10, 11 and 12, 13 and 14. Each pair
“illustrates two sanples at a constant E/A ratio, with one sanple at a | ow
EQ PO ratio and a second sanple at a high EQ PO ratio. It shall be noted
that as the EQOPOratio is increased the sanple becones less rigid, 35

nore el astic and nore absorbegnt.; Again, by operating within the teachings
set out herein wth respect tg) EfY PO ratio a suitable foam may be obtai ned.
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1. An absorbent re5|I|ent fl exible, ceIIuIar: pol ymeric naterlal

co i ng’ t.he reaction product of at least one 5 epoxy resin and an’
anﬂﬁgigtrn1nated poly (al kyl ene oxide), the amine terninated poly (alkylene
~ OXi eing: a) a mxture of an am ne term nated (pol yethylene oxide) and
an amne termnated (polypropyl erd7exide); b) an am ne term nated

copol yner of ethyl ene oxide 10 and propyl ene oxide; or c) a m xt ure of

b) and n n e 4t d an
am ne t%%%ﬁiﬁgég“é ysreoggpé%e o%n?]e@eqﬁe B%tmg} f\%’é%%\ ene 05<| dé groups
to propylkneangi 48, gibupanibe seen thatamtng it EQRY xatigl ene

oxi de) bgeng, §59Mus Ttﬁelﬁan&Qtt:.Be inided stfs @Y WSOV PEo P, #d1) Nengroups in

t he reaction Xtur.e_bein The c | 1 ul ol yneric H
mat er i al YRng[ i HP fulﬁﬁeFaFﬁeFﬁésréFPR &%%eﬁﬁ?%gﬁ% ?i&%g
propsl eneransfleighotpaperature Increbdes3. frie -4l o fﬂi%ﬂmﬁlc materi a

Ofdmﬁh%ﬁﬁ%ﬁsﬁzyﬁ%%gl%% é%%@@ﬂ&ﬁyowme

gr oups alsar ynerlc Bt er1 &l ~bf any one of -
cl ai ms 1with3ingneasinds&/8 zatie. ternlnated poly (al kyl ene oxide) 30

conpri ses a conpound having the enpirical fornula [ERR. wherein b has an

enpirical value of from10 to 50, and the
Further, it can be seen ‘that as the E/A ratio increases

10 through the range of 1.0 to 2.03, the water absorbency
decreases from 58% to 7.7%.

Similarly, when referring to samples é,_lo, 12, and 14, at
a second constant value of EO/PO ratio of 5.85, the above
15 described relationships pertain. '

The above data is consistent with the discovery that the
E/A ratio must be carefully balanced to produce a foaned
polymer suitable for use in agcordance with?the'teachinqs
20 of this invention. At high E/A ratios the ‘polymer is too
rigid and inelastic, and concomitantly the resulting foam
will be inflexible. Further, the foan will be relatively
non-absorbent. At low E/A ratibs the polymer is weak,
extremely elastic and in some instances disadvantageouély
25 tacky. Accordingly, cell walls will collapse during
foaming and curiﬁg. By operating within the range of E/A
‘ratios prescribed herein suitable foams may be provided.

Again referring to Table 4, reference is made to the set

30 of paired samples 7 and 8, 9 and 10, 11 and 12, 13 and 14.
Each pair illustrates two samples at a constant E/A ratio,
with one sample at a low EO/PO ratio and a second sample
at a high EO/PO ratio. It shall be noted that as the

_ EOQ/PO ratio is increased the sample becomes less figid,

35 more elastlc and rore absorbent. Again, by operating
within the- teachlnga set out herein with respect to EO/PO
ratio a suitable foam may be obtained.



_ "sum’of a and ¢ has an enpiri-cal -value of from1
c%ul ar polymeric material of Claim4, wherein said am ne termﬁ

yl ene oxide) further conprises a conpound havum“nmn l‘
‘[ERR] wherein the sumof x +y + z is equal8to fr :
cel lular polymeric material of any one of claims 1*to 5" wherein said epoxy

resin has an Gh/alMSe ratio of epoxy groups per nolecule of epoxy resin of
atsM east 1.7. 15 . The cellul ar pol yrreri c material of claim7,

Wher i sa & evony sela ik . SVATARE T SEE A0 Spouartp: Per e o
one of cl ai nem&ferial lcdmprisirertthen rsedak BP0 XrodRsith ooy |1:eestaone
et ori o of SROha e P g S dhhatha FRA Tl S
gl yci dyl et heﬁ‘hﬁﬁmlne restminated Mx&amweqmlm)chmu al of claim
9, wherein said eRExY 4 SR AUFORBSER i MRy | (fy&gécen%'en%t RRide)
havi ng the fornula:’ 30
_ and arizmire terminated (palypropylene ox1de) ;.
b) an amine terminated copolymer of ethylene oxide
10 and propylene oxide; or
c) a mixture of b) and at least one of an amine
terminated (polyethylene oxide) and an amine terminated
(polypropylene ox1de),
the ratio of ethylene oxide groups to propylene oxide groups
15 in the amine terminated poly (alkylene oxide) being from
1 to 15, and _ _
the ratio of epoxy groupe to amine groups in the reaction
mixture being from 1 to 3.

20 2. The cellular polymeric material of claim 1, wherein the
ratio of ethylene oxide groups to propylene oxide groups
is from 3 to 10.

3. The cellular polymeric material of c¢laim 1 or claim 2,
25 wherein the ratio of epoxy groups to amine groups is from
1.2 to 1.8.

4, The cellular polymeric' material of any one of claims
1 to 3, wherein said amine terminated poly (alkylene oxide_)
30 comprises a compound having the empirical formula

ZHa - - fHa
H2N HCI-I2 -_— (OéHCH a (OCH Hz)b— (OCHZCH) c NH2
wherein b has an empirical value of from 10 to 50, and the

35 sum of a and ¢ has an empirical value of from 1 to 5.



mhérein X 43S an alkylene or al kylidene group conta iﬂ”hron1l to 10 catbon

atons, "an has a value of from1 to 35 ”ﬂnrﬂﬂﬂllular
pol ymeric erial of claim?9, mherelqh§ald epoxy -\/

pol ygl yci et her of a bi sphenol blsphenol haV|ng the for mil a: [ ERR]

- 5 wherei ab| c t S, or Natons. 10
12. Theqscel I ylre}%r é%"fer]l’caﬁ{g?é& ]rl &Mr%‘l n Ris an al kyl ene
or al kylidene rammemmammmgme otmrznitrta@d:m (@ ldmleress oxide)3further -

cel lular gg% J S AN hA figN the MiESidhISHFbnRPQY resin. conpri ses ™
|sopropyI°%§Aeﬁl |$§phenolFs 1!}1 préonduct for absorbing body fluids -

conprising as an absorbent el | ul ar polynmeric materi al
2G according to any one o?mE al m;"'?éllaa 0 iglgﬁg The product of claim 14,

wherein said product iseg Egnl éh(@5c9§§ﬁ§n|al tanpon, a
di sposabl e di aper or a wodn res %5 2

_cuztocnzca(casnznuz

wherein the sum of X + ¥y + z is equal to from 7 to 10.

10
6. The cellular polymeric material of any one of claims'
1 to 5, wherein said epoxy resin has an average ratio of
epoxy groups per molecule of epoxy resin of at 1east 1}7.

15 7. The cellular polymeric material of claim 7, wherein
said epoxy resin has an average ratio of epoxy groups per
molecule of epoxy resin of from 1.7 to 4.

8. The cellular polymeric material of any one of claims
20 1 to 7, wherein said epoxy resin comprises a polyglycidyl
ester of a polycarboxylic acid.

9. The cellular polymeric material of any one of claims
1 to 7, wherein said epoxy resin comprises a glycidyl ether
25 resin.

10. The cellular polyméric material of claim'Q, wherein
said epoxy resin comprises an alkanediol diglycidyl ether
having the formula: '

30 0 O

' cﬂz—/—\H-CH 7—(—0-%-)n—O0~CH z-c:/ﬁ—}cn

2

wherein X i1s an alkylene or alkylidene group containing
from 1 to 10 carbon atoms, and n has a value of from 1 to
35 25.



substantlally as herelnbefore described with ref

16. .An. absorbent, resilient, flexibl.e, cel lul ar Eolyneric mat eri al .
Exanples 1-to 6. 30 - 17. A product for absor

A

LA

containing a cellular polyneric material=8@bstantialiy ‘as"hefei hbef ore
descri bed mnth reference_to_any one of Exanples 1 to 6,

A

10

15

20

25

30

35

3
1. The cellular polymeric material of claim 9, wherein
said epoxy resin is a di- or polyglycidyl ether of a
bisphenol, said bisphenol having the formula: '

wherein R is a bivalent radical containing 1 to 8 C, O, S,
or N atoms.

12. The cellular polymeric material of claim 11, wherein
R is an alkylene or alkylidene radical containing from

1 to 8 carbon atoms.

13. The cellular polymeric material of claim 12, wherein
said epoxy resin comprises isopropylidene bisphenol.

14. A product for absorbing body fluids_comprising as an

"absorbent element therein, a cellular polymerié¢ material

according to any one of claims 1 to 13.

15. The product of claim 14, wherein said product is a
sanitary napkin, a catamenial tampon, a disposable diaper
or a wound dressing.

16. An absorbent, resilient, flexible, cellular polymeric
material, substantially as hereinbefore described with
reference to any one of Examples 1 to 6.

17. ~ A product for absdrbing body flu;ds, containing a
cellular polymeric material substantially as hereinbefore
described with reference to any one of Examples 1 to 6.




