rr -

HYDROPHI LI C MATERI ALS USEFUL [N " PREPARING FLUI D- ABSERBENT 'PRODUCTS
Thig is a continuation of application Sef. No. 594, 255, fil edqyuiRdio s 19
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HYDROPHILIC MATERIALS USEFUL IN
PREPARING FLUID-ABSORBENT PRODUCTS

5  BACKGROUND OF THE INVENTION

This invention relates to hydrophilic polymeric
materials, to hydrophilic polymers having iﬁproved
properties, and to the use of such polymers in

10 fluid-absorbent products.

Hydrophilic polymers find extensive use in many

; applications in the form of foams and films. Hydrophilic
foams, for example, can be integral component of sanitary
% 15 napkins, tampons, diapers, wound and surgical dressings,

3 and other products useful in absorbing bodily £luids. The
utility of foams in such applications derives from their
high affinity for aquéﬁﬁs liquids.

20 Unfortunately, the strong interaction between water
and many hydrophilic foams often leads to swelling and to
a significant loss in mechanical strength. For éxample,
U.S. Patents 4,554,297 and 4,508,854, both in the name of
the present inventor, Dabi, disclose polymers which are

25 the reaction products of epoxy resins and amine-terminated
poly(alkylene oxide). In U.S. Patent 4,554,297, an
absorbent foam comprising an epoxy resin and amine-
terminated poly{(alkylene oxide) olig_omers is described.
The amine-terminated oliéomers in that patent are selected

30 from the group consisting of amine-terminated
poly(propylene oxide), amine-terminated poly(ethylene .
oxide), and mixtures théreof. These polymers were said to
contain sufficient amounts of ethylene oxide units to
render the polymer hydrophilic. The ratio of ethylene
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extensr applrcatrons in the formof foans and fil ns.
%Hydroph exanpl e, can be int'egral conponent of sani- tary

napki ns, tanpons drapers wound and surgical dressings and ot her products
usef ul in absorbipng bodily fluids. The utility
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redcti on préducPstentepbidp4.@9i7nendnd.508, 854 exhlblt the levels of
softness, absorbency, and resiliency desired for use in
sanitary napkins and other products which absorb bodily
fluids, these foams suffer from reduced mechanical
strength, particularly when wet. Such loss of mechanical

10 strength tends to compromise the structural integrity of-
the fluid absorbent products into which these foams are
incorporated. Accordingly, there currently exists a need
for hydrophilic foams which exhibit acceptable levels of
wet mechanical strength.

15
SUMMARY OF THE INVENTION

The present inventiofnl provides improved hydrophilic
materials, such as foams and films. The soft, absorbent,
20 and resilient foams of this invention exhibit greater wet
and dry mechanical strength when compared with those known
in the art, as well as improved fluid wicking capacity and
lower density. These improved properties are believed
attributable to the incorporation into the foams of at
25 least one polyfunctional aliphatic amine.

The hydrophilic materials of this invention are thus
composed of the polymeric reaction product of a mixture
containing at least one epdxy resin, at least one

30 amine-terminated poly(alkylene oxide), and at least one
polyfunctional aliphatic amine.

This invention also provides methods for preparing
foams and other hydrophilic materials. In general, such
35 hydrophilic materials may be prepared by providing at least
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Foams may be prepared by providing at least one epoxy
resin; forming a prepolymer by contacting thp epoxy resin
with at least one amine-terminated poly(alkylene oxide);
forming a foaming mixture by contacting the prepolymex

10 with at least one amine-terminated poly(alkylene oxide),
. at least one polyfunctional aliphatic amine, and a blowing
agent; and curing the foaming mixture. .

Hydrophilic materials comprising the polymers of this
15 invention f£ind use in a wide variety of fluid absorbent
products, particularly sanitary napkins, tampons, diapers,
wound and surgical dressings, and other products useful in
absorbing bodily filuids.

20 It is thus one object of the present invention to
provide hydrophilic polymeric materials.

It is another object to provide_hydrophilic polymers
having improved properties.
25 '
It is yet another object to provide hydrophilic
polymers having improved wet and dry strength.

It is still another object to provide hydrophilic

30 polymeric materials useful in the fabrication of
fluid-absorbent products.

— ——
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DETAILED DESCRIPTION OF THE INVENTION

The hydrophilic materials of this invention are
composed of the reaction product of a mixture that
5 contains at least one epoxy resin, at least one
amine-terminated poly(alkylene oxide), and at least one
polyfunctional aliphatic amine.

" A wide variety of epoxy resins comprising monomers,
1o polymers, and blends thereof are known in the art. Many
are suitable for use in the present invention. Epoxy
resins according to this invention should contain, on
average, at least about 1.7 epoxy groups per molecule,
preferably from about 1.7 to about 4.0 epoxy groups per
15 molecule, and more-preferably from about 1.7 to about 2.3
epoxy groups per molecule. The epoxy resin may be a
liquid or a low-melting solid. Preferably, the resin is a
liguid having a bulk viscosity of from about 200 m Pa.s
(200 centipoise) to about 2,000 Pa.s (2,000,000 centi-
20 poise), measured using a Brookfield RVT viscometer at 25°C.
The epoxy resin can have an equivalent weight of from about
70 to about 2,000. Those skilled in the art will recognize
that epoxy equivalent weight is the gram molecular weight
of the resin per epoxy group.
25
Examples of suitable epoxy resins are polyallyl
glycidyl ether, diglycidyl ether of chlorendic diol, the
diglycidyl ether of endomethylene cyclohexanediol, epoxy
novolac resins, alkanediol diglycidyl ethers, and
30 alkanetriol triglycidyl ethers. Preferred epoxy resins
include alkanediol diglycidyl ethers having the formula:

0
b—cuz4 o-x>,,—o-cn2<]

35
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SURMARY OF THE | NVENTI O\I The pir esent’invention pr ow des |rrproved hydr o-
phlll@mﬂﬂkﬁ&hﬁﬂ&mRﬂmmﬁﬂ as foans ‘and filims. The soft, ab- sorbent, and

regili i s invention exhibit gPeater wet and dry mechani cal
\strengjjmm !l@iﬁl red with those known in the art, as well as inproved
flgi y and | ower density. These im proved properties are
bel}i eved attrlbutable to the incor- poration into the foans of at |east one

pollyfunctional athegledni @ hrena.valuheh\iasphi kiocahavnbr 23] andfX tid an
I nention are tm&y%mos%daﬁyih@ewlmg Con®aghi Al PreduCttdfadud Xg
turge containing at .| east one e | east ne e-t nat ed
polf/(al kyl ene ox‘iad:é’)m'1 akamge | e’bﬁiyp'o@?ﬁﬁctal 3ﬁ a?Fpﬁ’é?’??{
about 15 and X 1s alkylene or alkylidene containing from
5 about 2 to about 6 carbon atoms. Preferred alkanediol
diglycidyl ethers include ethylene glycol diglycidyl
ether, propylene glycol diglycidyl ether, and butanediol
diglycidyl ether. More preferred glycidyl ether resins
include alkanetriol triglycidyl ethers wherein the alkane
10 group contains from about 2 to about 10 carbon atoms.
Even more preferxed are glycidyl ether resins wherein the
alkane group contains from about 3 to about 6§ carbon
atoms, such as glyceryl triglycidyl ether and the
triglycidyl ether of trimethylolpropane.

15

While epoxy resins such as these produce soft,
absorbent, and xresilient foams according to this
invention, they tend to Teact too slowly for use in a
commercial process. Thus, where fcams are to be provided,

20 the preferred epoxy resins are the di- and polyglycidyl
ethers of bisphenols, such as the diglycidyl ether of
bisphenol A, which is commercially available from the
Shell Chemical Company as EPON 828. The bisphenols from
which these resins are prepared should have the formula:

wherein R is a bivalent radical.comprising from 1 to about
30 8 atoms selected from the group consisting of carbon atoms
(C). oxygen atoms'(o), sulfur atoms (S), or nitrogen atcms
{N). Preferably, R is an alkylene or alkylidene group ‘
having f£rom 1 to about 8 carbon atoms. More preferably, R
is an alkylene or alkylidene group containing from 1 to
35 about 6 carbon atoms. Examples of suitable bisphenols

25
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pr epar g at | east one epoxy resrfr fornmng a reaction mxture
‘by contacting the epoxy resin with at | east one am ne-ter- m nated

pol g(al kyl ene oxide) and at |east one polyfunc- tional aliphatic amne, and

ng the reaction m xture. Foans be prepared hy .provjdi | east
one §epoxy resin; fenin@Femqﬁhﬂ&ﬂnpansbée%%htdhﬁqﬂﬁf é5568x§1fé£%39%m th at

Thi smdimﬂ ee epacerow des et Hods for-prepari ng “f 0ans and ot her

| eadt one ami ne- tebatpaiaﬁhéxﬁﬂgyh@abkyl6fmylmﬂak§ 'bifspheineg , abi spimé gl
m xtgur e by cont act g&ﬁ% e e-term nated
pol ¥ al kyl ene OX|d5?igg?e 3& Fy%%hh?@%ﬁ%l ol ﬁg?P§ anine, and a

'ng agent ; andIéQPanYliﬁﬁﬁanﬁSPhﬁg°ﬁ1k?LR%?ferqﬁFU hPFPRFERSr i al s
i sing the gpol yyBe6pR{l1ic foams according to this 1nvention.

The amine—terminated poly(alkylene oxide) may be in
the form of mixtures of amine-terminated pol&(alkylene
oxides), copolymers of alkylene oxides such as random

10 copolymers and block copolymers, or mixtures thereof.
Ethylene oxide groups must be present in one or more of
the polymers. Preferably, propylene oxide groups are
present as well in a ratio of from about 1 to about 15
ethylene oxide groups per propylene oxide group.

15

The ratio between ethylene oxide groups and propylene
oxide groups is important in that a disproportionately
large amount of propylene oxide groups will result in a
material that is too hydrophobic for use in absorbent

20 products as the absorbent medium. However, a
disproportionately large amount of ethylene oxide groups
will result in'a material that is not sufficiently
resilient. The preferred range for this ratio is from
about 1 to about 15 ethylene oxide groups per propylene

25 oxide group, more preferably f£rom about 3 to about 10
ethylene oxide groups per propylene oxide group.

Amine-terminated poly(alkylene.oxides) are
commercially available, one source being the series of
30 polymers sold by the Texaco Chemical Company under the
trademark “Jeffamine™. A particula:ly useful series of
Jeffamine compounds are designated by Texaco “Jeffamine
ED" and have the structure:

CH, CH, . .. : CH,
35 |

Hﬁ%ﬂﬂf*ﬂh&(O—CH—CHﬂ‘—(O—Cﬁfiﬂh);—ﬂ}ﬂﬂhfcﬁ);ﬂﬂg
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S |nvent|on f|nd use |n a: mﬁde varlety of f|UId absor - Henf products

parg.icu %pklns t anpons, -di apers, wound and sur gi cal 1
dr essi ngs - ucts useful in a sorblng bodily fluids. It is
‘thugs one present i nvention to pro- vide hydrophilic polynmeric

brial s. |s another object to prOV|de hydrophilic polyners haV|ng
oved propert| I s yet another ect to rovi lic

- mers havin§ ‘l"?ﬁ)irrb\}?ea‘aﬁeta AAduer9t s‘ﬁ%{‘ugﬁtﬁ’“ | £6 & QP?ygoa h%‘?e
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i cation of ffﬂégéqgﬁﬁﬁ?bo%@&yﬂépgu§£§'derived from propylene
oxide-capped polyethylene glycol and are available from

) Texaco as compounds wherein the a, b, and ¢ values are in
the following ratios:

Jeffamine Compound Approximate Value of
. « I aic
10 ED-600 8.5 2.5
ED-300 15.5 2.5
ED~2001 ) 40.5 2.5

Suitable foams have also been prepared by combining these
15 amine- terminated poly(alkylene oxides) with a
polyoxypropylene amine sold by the Texaco Chemical Company

under the name Jeffamine T-403 and having the following
formula: _

20 Cﬂf—[0~{3§—CH(CH,)];ﬂﬁh
. m{,—ai,—crcziz-[o—caz—cli (CH,) ], NH,

CH,~ [ 0—CH,~CH (CH,) 1,~NH;

25

wherein the sum of x and y and z is between about 5 and
about 7.3. It will be appreciated that such
polyoxypropylene amines are also amlne termlnated
poly(alkylene oxides). The term1n11 amine groups may be
30 mono-substituted -with lowex alkyl groups, preferably
methyl and/or ethyl groups. .However, these amine groups
must have at least one hydrogen available for reaction in
order to be useful in the copolymers of this invention.

35
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3 . ED DESCRI PTf ON‘CF THE i INVENTI ON  The
hyHP tERSBLIRATD s of this invention ape-con} posed of the reaction
3 re that contains at |east one epoxy resin, at |east one

ol y(al kyl ene oxide), and at |east one polyfunctional
al i phatic am ne.

Polyfunctional aliphatic amines are also incorporated
into the hydrophilic polymers of this invention. Certain
polyfunctional aliphatic amines have the general formula:

HN~(CH,) ~[NH~(CH,) 1]~ [NH- (CH, ) ,],~ (CH,) ,~NH,

10 wherein ﬁ, x, ¥ and =z are independently selected to be the
same ox different and have a value of from 2 to about 15,
and n and i are independently selected to be the same or
different and have a value of from zerc to about 6. More
preferred are the difunctional amines having the formula:

15
HZN—(ng)x—NHZ .
as well as the trifunctional amines having the formula:
20 HZN-(CHZ)I—NH-(CHZ)y—NH2

wherein x and y and independently selected to be the same
or different and have a value of from 2 to about 15, such
as, for example, ethylene diamine, butylene diamine,

25 hexamethylene diamine, diethylene triamine,
dihexamethylene triamine, and 2-methyl pentamethylene

diamine, which is commercially available from DuPont as
Dytek A. '

30 The proportions of epoxy resin to amine-terminated
poly(alkylene oxide) in the reaction mixture may vary over
a substantial range. ¥refecably, the ratio of epoxy :
groups to amine groups (inclusive of the amine groups in
both the polyfunctional aliphatic amines and the

35 amine~terminated poly(alkylene oxide) portions of the
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A Wi igs Sheet HexBeenReplts8xy resi ns “cofipri $i ng” noho- mers, pol ymers, and bl ends
t here the art, Many are suit%bl'e for use in the present
invengi ins according to this invention Should con- tain, on

., a

aver a east - about 1.7 epoxy groups per nolecule, preferably from
about 1.7 to about 4.0 epoxy groups per nolecule, and nore preferably from
aboug 1.7 to abotRaCtiPrepaxyugedupsy pengepfsenl aboThel eboxgbowdsian nmagrbe a

liquitd or a | owprifdriap1sql ikdisPref £ alyl YetkbBenl §6b0t1 2.8 ddduirbrayi gg a
bul k Jvi scosity of from about 200_centi oi se to about 2,000,000 centipoi se,
measdred usi ng a broolrierd RET PIDHECEFP at 25' C. The epoxy resin can

have jan equi val ent wei ght of from about 70 to about 2,000. Those skilled in

the grt willsrecogni z&liyFanceRexy1 eall ptaltaRt anehabt shsuldendr aneplpcul ar

wei gt of the reéﬁé‘éé%bé%%%¥%19£8¥£'such that they constitute from about
1% to about 12% by weight of the final polymer and, more
preferably, from about 3% to about 8% by weight. of the
polyﬁer. Thus, the addition of even a small amount of

10 polyfunctional aliphatic amine results in a marked
difference in the properties of the foam end product of
this invention. Even the addition of about 3% by weight
of polyfunctional aliphatic amine has produced a foam
having lower density, increased strength and absorbency in

15 comparison with a foam without polyfunctional aliphatic
amine.

As noted, the provided hydrophilic materials find
numerous applications in the form of foams and films. For
20 example, the hydrophilic foams of this invention may be ‘
employed as absorbent elements in sanitary napkins such as
disclosed in U.S. Patent 4,759,754 in the name of Korpman,
which is incorporated'herein by reference.

25 The production of foams according to this invention
is best carried out using a two.step process consisting of
first performing an intermediate reaction step and then
foaming the reaction mixture as polymerization continues.
This process is described in part in U.S. Patent

30 4,554,297, which is incorporated herein by reference. The
process there disclosed was modified in accordance with

this invention to improve the reproducibility of the foams
of this invention.

35
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X & 1es of suit bl§_ Pexy resins-are pquallyl g[yéf:idyl étheg,
dig Cldﬁk rendlc di ol , the di- gl yci dyl ‘et’her of
end thy ediol, epoxy novol ac resins, al kanedi ol diglycidyl

S, triglycidyl ethers. Preferred epoxy resins include
*edlol egC|dyI ethers having the fornula: wherein n has a val ue of
1 to about 25 and X is an al kyl ene or al kylidene group containing from

1 t g about 10 carbon atons. Preferably, n hag-a value of from1l to about 15
and i s al kyl ene or al kylidene containing fromabout 2 to about 6 carbon
ato Preferred al - kanediol diglycidyl ethers include ethylene glycol di-
g!yl dyl ether, propylene glycol diglycidyl ether, and butanediol

g

cidyl ether. Mor f iod¥h b8k e h £5{ Mferdtionude glkanetr}ol
triggjycidyl ethers mhgrgéﬁ §§5¥ﬁ%£§yg %oﬁpgggn?al fron1gbouf 2. to,
prepared as follows: cess epoxy re51n was reacted with

one or more amzne-termznated poly(alkylene oxides) at a
temperature between about 50°C and 110°C to produce a

5 stable, viscous epoxy-terminated prepolymer denominated
Part A. This reaction is complete within about 2 days if
maintained at 50°C and about 90 minutes if maintained at
-110°C. Part A continued to react until its viscosity has
about 850 mPa.s (850 centipoise). Additional amine-terminated

10 poly(alkylene oxide) and polyfunctional aliphatic amine
was combined with blowing agent to create Part B. Part B
was maintained at room temperature. Part B was then
combined with Part A (having a temperature between about
90°C to about 110°C) at room temperature and under good

15 mixing conditions. The resulting mixture had a
temperature of about 70°C. Simultaneously, the amine
cured the epoxy and solidified and released gas, causing
the mixture to foam. Upon mixing of the two components,
foaming began and the creamy mass was cured in an oven

20 held at 130°C until a tack-free surface was obtained.

 Those skilled in the art will recognize that blowing

agents are alternatively known as foaming agents. A wide
variety of blowing agents may be employed in the process

25 of this invention. Certain preferred blowing agents, such
as azo bis(isobutyronitrile) and benzene sulfonyl
hydrazide, release gas upon heating. Other preferred
blowing agents, such as sodium carbonate or sodium
bicarbonate, release gas upon the addition of another

30 chemical moiety, such as an acid or an acid salt. A
particularly preferred blowing agent i5 sodium
borohydride, which generates hydrogen gas upon heating in
the presence of water.

35
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about ‘10 carb n q{ p&a Even npre preferréd’are glyci-"dyl ether resins
mhereTmﬁSh oup contains from'abougji3 to about 6 carbon atons,
such a glycidyl ether and the triglycidyl ether of
trlnet Wi | e epoxy resins such as these produce soft,
absPr- bent and re5|I|ent foans according to this invention,

The blowing agent should be introduced into the
mixture at the appropriate time, i.e. when the viscosity
of Part A is about 850 mPa.s (850 centipoise).

5 If the blowing agent is introduced too early into the
prepolymer, the gas diffuses through the relatively liquid
mixture and fails to form stable cells. If the blowing
agent is introduced too late, the prepolymer will be too
solid and inelastic for the gas to form cells.

- 10
According to this invention, the blowing agent should
be mixed with one or more polyfunctional aliphatic amines
and one or more amine-terminated poly(alkylene oxides) to
yield Part B, which optionally comprises other additives,
15 such as water and/or surfactant. Pluronic L-62, which is
commercially available from BASF or other nonionic
surfactants known to those of skill in the art may be used.
Foams according to the present invention and the
20 prior art were prepared and characterized to demonstrate
the significant improvements in properties and processing
which attend the incorporation of small amounts of
aliphatic amines in the polymers of the present
invention. The results are summarized in Table I, wherein

25 the following procedures were employed in characterizing
the samples:

cut and weighed. The density was calculated from the known
30 weight and volume.

Cure Time: After mixing all the ingredients, the'
foam is allowed to rise-and the time required to attain

tack-free surface at 130°C was measured.
35
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theyftend to react t 0o Slowy for;use'id'é-donnercial process. Thus, where
foa are'?@SbeﬂmmB&k@@ mm&he preferred epoxy resins are the di- and

pol ygl yci dy, sphenol s, such as the diglycidyl ether of
bi sphenol A, [ !@M¥ rcially available fromthe Shell Chem ca
Conmpany as EP ; bi sphenol s fronfwhich these resins are prepared
shoulld have the formnul a: [err] wherein Ris a bivalent radical

conpfi‘sing from1l to about 8 atons selected fromthe group consisting of

Tensile Strength: 2.54 x 12.7 X 0.635 cm (1" x 5" x 1/4%)
strips were cut and pulled in an Instron testing device. Jaw
5 separation was 7.62 cm (3"). Crosshead speed was 2.54 cm (1")
per minute.
Fluid Wicking Capacity: 2.54 X 15.24 x 0.635 cm (1" Xx 6"
X 1/4"%) strips were prepared and placed on an incline at a
10 . specified angle (15° or 30°). The tip of each sample was
dipped in a 1% NaCl solution and the f£fluid was allowed to
wick into the sample until equilibrium was reached. This test
reflects the ability of the foam to absorb and transport fluid
spontaneously. The results are reported as amount of fluid
per one gram of foam.
15
TABLE T
1. -2 3 —4_ 2
20 RPart A (90°C)
EPON 828, gr 46 52.3 59 57 60
Jeffamine ED-600, gr 6 14.6 8 7.1 16.6
Jeffamine ED-2001, gr 20 —— 26 25 -
25
Part B (20°C)
2-Methyl pentamethylene — ——— 7 5.8 3.4
diamine, gr
50 Jeffamine ED-600, gr 28 33.1 0 5 ' 20
Sodium borohydride, gr 0.75 0.75 0.75 0.75 0.75
Pluronic L-62 , gr 1.0 1.0 1.0 1.0 1.0
Water, gr 2.0 2.0 2.0 2.0 2.0
35
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_""‘o‘@gen atorré".('é), sulfar atoms (S),!or nitrogen atoms

ﬁﬁc‘tds an al kyl ene or al kylidene group having from| to

car b Satans
ég%qu/@ More preferably, R is a8-al kyl ene or al kylidene group
contaln

- itable
o about 6 carbon atoms. Ex- anples of suita
[ [ henol
IS I ncl ude | ene bi sphe- nol, isopropylidene bisp ol ,
B:JtSSIh?ggan Ibingpﬁenor? QQ/ dene bi sphenol, bisphenol sulfi de],c bi Zgh;ag(rjl
et her, and bi sphenggngmflch/lnsopropyl | den’?ﬁpi§9he€§).![72'ﬁ RGEZ eer‘h.88 48.08
préparing hydrophilic f oafmh /@¢S9r ding to Qi & i nVﬁqlf)o : (Zf © ﬁzr'ess) of (3-0)
o D e P A T B 3t e o s suono
amine-term nated poly(a 4 . Sre oxes o
as 'r andom copol ynet §1ekke tﬁ%@k‘g@bpgég{{m s or mxtures there y

i i re
oxilde groups mst be present in of ™5%088  0.131  0.897  0.635 o.c7e

(1.27) (1.9) (13.0) (9.2) (9.8)
Wet 0.041 0.048 0.372 0.166 0.214

(0.6)  (0.7) ( 5.4) (2.4) (3.11)
Fluid Wicking capacity, g/g
15° 4.6 2.7 17.0 13.2 10.4
30° 2.7 1.8 10.1 8.1 7.5

10

The results summarized in Table I clearly demonstrate
the improvements in foam properties and processability
which resulted from the addition of 2-methyl

15 pentamethylene diamine. Samples 1 and 2 illustrate foams
without the poly-aliphatic diamine 2-methyl pentamethylene
diamine have considerably higher density, longer cure
time, lower wet and drf~Eénsile strength and much lower
fluid wicking capacity than foams containing 2-methyl

20 pentamethylene diamine. The lower density and shorter
cure time make the formulations of this invention more
economic to make in that they can be processed more
quickly. Moreover, the Same amount of materials can

create a larger volume of foam than that of the prior
25 formulations.

In principle, hydrophilic films can also be prepared
. according to the present invention by omitting the blowing
: ' agent and the water from the formulations. 'Thus, film;
E 30 according to this invention are prepared by reacting one
OX more aminé-terminatqd poly(alkylene oxides) with excess
epoxy resin 4t a temperature between about 50°C and 110°C
to produce a stable, viscous prepolymer. As the reaction
proceeds and polymerization occurs between the epoxy resin

35 and amine-terminated poly(alkylene oxide), the viscosity
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this Sheet Has Been Replaced ) . . - - :

of the erably, propyl ene oxi de groups are present as well in
a ratl l 1 to about 15 ethyleq& oxi de groups per propyl ene
oxi{de group ati o between ethyl ene ‘oxi de groups and propy- |ene

"oxilde groups is inportant in that a disproportion- ately |arge anmount of
prdpyl ene oxi de groups wWill result in a material that is too hydrophobic

B?; use in absor ¢ glgrod cts as the abfﬁgt¥¥%féﬂ¥ﬁdiqboHBPeY§rth

proportlonatefy VI ene” oXi de group resu in a
matleri al t hat |S°H8ie%Lﬁ¢|2§?QﬂﬂQ¢ ﬂé%? e@nto rRPYHriareaentd F&ﬁgél?ﬁrw%h?s
ratlio i s from abdsbpioppl adbxishollS ot Byhenetivad ceauigrailjes spdrveptopyl ene oxi de
graup, nore preferably fromabout 3 to about 10 ethyl- ene oxide groups per
pr dpyl ene OXIde group.

One or more polyfunctional aliphatic amines are then

mixed with one or more amine-terminated poly(alkylene
oxides) and, optionally, other additives such as the
surfactant Pluronic L-62. This blend is then mixed with
the prepolymer to produce a viscous reaction mixture,

10 which is allowed to reach room temperature.

To produce a hydrophilic film, an approximately 0.254 mm
(10 mil) thick film of the viscous reaction mixture is drawn
on a glass plate that is pretreated with a mold release such
15 as silicone or a fluorocarbon. The alcohol/solvent is
allowed to evaporate for about 30 minutes at room
temperature and the coated plate is placed in a 100°C hot
air oven for about 20/minuwtes until the film cures. The

cured hydrophilic £ilm is then removed from the glass.
20

25

30
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%e-term nated pol y(al'kyl ene .6xi des) are commer- cially avail abl e, one(f)

ce Sejeet Has BsaReplace@f pol yners sol d- by the Texaco Chemical Conpany
br t he Jeffamne". A particularly useful series of Jef-
ne ca| lﬁsignated by Texaco "Jeffam ine ED' and have the
s a value of fromabout 7 to about 50 and the sum of

Jjct ure: whereln
d ¢ has

-15-—

WHAT IS CLAIMED IS:

; 1. A hydrophilic material comprising the reaction
product of a reaction mixture which comprises 'at least one

. 5 epoxy resin, at least one amine-terminated poly(alkylene
oxide), and at least one polyfunctional aliphatic amine.

] 2. The hydrophilic material of claim 1 wherein the

epoxy resin has an average of at least 1.7 epoxy groups
10 per resin molecule. '

3. The hydrophilic material of claim 1 wherein the
epoxy resin has an average of between about 1.7 and about
4.0 epoxy groups per resin molecule.

15
4. The hydrophilic material of claim 1 wherein the
epoxy resin comprises a polyglycidyl ester of a
polycarboxylic acid.
20 5. The hydrophilic material of claim 1 wherein the

epoxy resin comprises a glycidyl ether resin.

6. The hydrophilic material of claim 1 whgrein the
epoxy resin comprises an alkanediol glycidyl ether having

25 _the formula: )
- D
' b—CH2—< o—x>n—0-cnz—Q

" wherein X is selected from the group consisting of
30 alkylene and alkylidene groups containing from 1 to about
10 catbon atoms, and n has a value of from 1l to about -25.

— —

35
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aI ue of—-fraom about 1 to ab0ut 5. These bl ock copol y- mers are derived
op Iene OX|de capped pol yet h- ylene glycol and are available from

Te'aco eq wherein the a, b, and ¢ values are in the follow ing
ragi os pa"ed , Appr oxiymt e Val ue of Jef f ani ne
i a, + C ED- 6( 8.5 2.5
' 2.5 ED- 2001 40.5
. SU|tabIe foans have also been prepared by conblnlng t hese am ne-
Am nat ed pol y(al kyl gne o e I t he
jaco Chem cal Corrpa(r?n ?‘kdwﬂé %%&ﬁ%]_r%og@gh ”%%é{élq, QX‘

epoxy re51n 1s selected from the group consisting of di-
and polyglycidyl ethers of bisphenols, the bisphenols

having the formula:

wherein R is a bivalent radical comprising from 1 to about
8 atoms selected from the group consisting of ;, 0, §, or

N.
10
8. The hydrophilic meterial of claim 7 wherein R:is
.- selected from the group consisting of alkylene and
C alkylidene radicals containing from 1 to about 8 carbon
atoms. ’ ’
15

9. The hydrophilic material of claim 1 wherein the
epoxy resin comprises isopropylidene bisphenol.

% 10. The hydrophilic material of claim 1 wherein the
E 20 amine-terminated poly(alkylene oxide) is selected from the
! group consisting of amine-terminated poly(propylene
oxide), amine- terminated poly{(ethylene pxide),
amine-terminated copolymers of ethylene oxide and

propylene oxide,. and mixtures thereof.
25

11. A product which is useful in absorbing bodily
fluids, comprising a hydrophilic foam which comprises the
reaction product of a reaction mixture which comprises at
least one epoxy resin, at least one amine~terminated

30 poly{alkylene oxide), and at least one polyfunctional
- aliphatic amine.

! 12. A method for preparing hydrophilic materials
comprising the steps of: '
providing at least one epoxy resin;
- 35 forming a reaction mixture by'contacting the epoxy
resin with at least one amine-terminated poly(alkylene
oxide) and at least one polyfunctional aliphatic amine; and

curing the reaction mixture.

U
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the Toll-om-ng. for nmul a: . [err] wherein the sumof x an
y &ﬂ%sﬁels bet ween about 5 and about 7.3. It will be appreciated that su
1';

pol yp Replacegli Nes are al so ami ne-teddirnat ed pol y(al kyl ene oxi des
TJ}Q. ; g ”Hw groups may be nono-sub- stituted with | ower al kyl

gr oug T met hyl and/or ethyl groups. However, these am ne groups
nust have'‘at |ea one hydrogen avail able for reaction in order to be

useful in the copolyners of thi SHSTRAETI OF. THE FISGLARRonal al i phatic
am nes are al so incorporated

Improved hydrophilic materials, such as foams and
films, are provided. These material f£ind use in a wide
5 variety of fluid absorbent products, especially those

relating to the absorption of bodiiy fluids. The soft,

absorbent, and resilient foams of this invention exhibit

greater wet and dry mechanical strength when éompared with

those known in the art, as well as improved fluid wicking
; 10 capacity and lower density. These improved properties are
- believed attributable to the incorporation into the foams
of at least one polyfunctional aliphatic amine.

_ The provided hydrophilic materials comprise the
15 polymeric reaction product of a mixture which comprises at
least one epoxy resin, at least one amine-terminated
poly(alkylene oxide), and at least one polyfunctional
aliphatic amine. Methods for preparing foams and other
hydrophilic materials are also provided. In general,
i 20 hydrophilic materials are prepared by providing at least
one epoxy resin, forming a reaction mixture by contacting
the epoxy resin with at least one amine-terminated
poly(alkylene oxide) and at least one polyfunctional

aliphatic amine, and curing the reaction mixture.
25
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HYDROPHILIC MATERIALS USEFUL IN
PREPARING FLUID-ABSORBENT PRODUCTS

BACKGROUND OF THE INVENTION

This invention relates to hydrophilic polymeric
materials, to hydrophilic polymers having iﬁproved
and to the use of such polymers ig
fluid-absorbent products. ;

properties,

Hydrophilic polymers find extensive use in many
applications in the form of foams and films.
foams,

Hydrophilic
can be integral component of sanitary
diapers, wound and surgical dre;sings,
and other products useful in absorbing bodily f£luids. The
utility of foams in such applications derives f£rom their
high affinity'for aqueous liguids.

for example,
napkins, tampons,

Unfortunately, the strong interaction between water
and many hydrophilic foams often leads to swelling and to
a significant loss in mechanical strength.
U.S. Patents 4,554,297 and 4,508,854,
the present inventor, Dabi,

For example,
both in the name of
disclose polymers which are
the reaction products of epoxy resins and amine-terminated
poly(alkylene oxide). In U.S. Patent 4,554,297, an
absorbent foam comprising an epoxy resin and amine-
terminated poly{(alkylene oxide) oligomers is described.
The amine-terminated olidomers in tﬂat patent are selected
from the group consisting of amine-terminated
poly(propylene oxide), amine-terminated poly(ethylene .

oxide), and mixtures thereof. These polymers were said to

contain sufficient amounts of ethylene oxide units to

render the polymer hydrophilic. The ratio of ethylene
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wher ei n_w,__x y.and .z are independently selected to be t he sane

or diffeﬂgpyumwmwmaye”a alue of from2 to apout—1t5—and—rn—and |
-are inde Unucntly‘bUrChtﬁd to be t he sane or e a
val ue df ma(ﬁvf‘. é about 6. More preferrec]l[alsglee ee%'igplﬂ@&’
difuncticn 166 Hd26 havi ng the formul a: “ IﬂH‘

as wel I} as.the trifunclii gnal am nes havi ngzathe fornul a: ﬂ

[err] whereinfx and y and i ndependently sel ected to e t he

oxide to propylene oxide groups was required to be in the
range of 1.0 to 15.0.

While foams made from the polymers disclosed in U.S.
5 Patents 4,554,297 and 4,508,854 exhibit the levels of

softness, absorbency, and resiliency desired for use in
sanitary napkins and other products which absorb bedily
fluids, these foams suffer f£rom reduced mechanical
strength, particularly when wet. Such loss of mechanical

10 strength tends to compromise the structural integrity of.
the £1luid absorbent products into which these foams are
incorporated. Accordingly, there currently exists a need
for hydrophilic foams which exhibit acceptable levels of
wet mechanical strength.

15

SUMMARY OF THE INVENTION

The present invention provides improved hydrophilic
materials, such as foams and films. The soft, absorbent,
20 and resilient foams of this invention exhibit greater wet
and dry mechanical strength when compared with those known
in the art, as well as improved fluid wicking capacity and
lower density. These improved properties are believed
attributable to the incorporation into the foams of at
25 least one polyfunctibnal aliphatic amine.

The hydrophilic materials of this invention are thus
composed of the polymeric reaction product of a mixture
containing at least one epdzy resin, at least one

30 amine-~terminated poly(alkylene oxide), and at least one
polyfunctional aliphatic amine.

This invention also provides methods for preparing
foams and other hydrophilic materials. In general, such
35 hydrophilic materials may be prepared by providing at least



sarre [ tseéaﬂ ave a value of from2 to about 15, such
Ugfo "r‘g' Sl ne di am ne, butylene di- amne,—-——.

hexa thylene dlan1n , {di ethyl ene trian ne, anethylene
tri‘ari fe,3 4rioCh-1 | |pent aret hyl - ene dianin Q,ShBed:
comgrdial |y availahlie{from DuPorit3-as Dyt ek Aﬁ” e
propoy tTONS of epoxy rdsin to am ne-term nated /l
oxide}) in ' m xture may vary over a substan

range. Preferably, the ratio of epoxy groups to am ne groups

(inclusive of thmeadpxyrasgin, forming a reabbtibnt tnéxpulryfhmccbmtwd:ti_ng
aliphatic am nes ) %ddl resin with 3F HRaker B‘h@aTaEQnQO#:)éQﬁiK gge oxi de)

portions of the action mxture) may ran roma
about 3. POlyq\m}}@'lrﬁ’@f é‘}‘d‘ﬂle)? apf; &t JepST §n6e19\9?é§ﬁ“ﬁ’55ﬁ?n115 and
about 2.0 epoxy LiBHm:REranfimele agidoepring the react:.BﬁI wixogteonal

aliphatic ang' nes shoul d be added to
Foams may be prepared by providing at least one epoxy
resin; forming a prepolymer by contacting thg epoxy resin
with at least one amine-terminated poly(alkylene oxide);
forming a foaming mixture by contacting the prepolymer
10 with at least one amine-terminated poly(alkylene oxide),
- at least one polyfunctional aliphatic amine, and a blowing
agent; and curing the foaming mixture.

Hydrophilic materials comprising the polymers of this
15 invention find use in a wide variety of fluid absorbent
products, particularly sanitary napkins, tampons, diapers,
wound and surgical dressings, and other products useful in
absorbing bodily fluids.

20 It is thus one object of the present invention to
provide hydrophilic polymeric materials.

It is another object to provide_hydrophilic polymers
having improved properties.
25
It is yet another object to provide hydrophilic
polymers having improved wet and dry strength.

It is still another object to provide hydrophilic

30 polymeric materials useful in the fabrication of
fluid-absorbent products.

35
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addition of e

about 12% by wei ght _of _the-fi-ral pol yner and, nore preferably,
2 wei ght of the polynmer. Thus, the
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DETAILED DESCRIPTION OF THE INVENTION

The hydrophilic materials of this 1nvent10n are
composed of the reaction product of a m;zture that
contains at least one epoxy resin, at least one
amine-terminated poly(alkylene oxide), and at least one
polyfunctional aliphatic amine.

" A wide variety of epoxy resins comprising nonomers,
polymers, and blends thereof are known in the art. Many
are suitable for use in the present invention. Epoxy
resins according to this invention should contain, on
average, at least about 1.7 epoxy groups per molecule,
preferably from about 1.7 to about 4.0 epoxy groups per
molecule, and more'preferably from about 1.7 to about 2.3
epoxy groups per molecule. The epoxy resin may be a
liquid or a low-melting solid. Preferably, the resin is a
liguid having a bulk viscosity of from about 200 m Pa.s
(200 centipoise) to about 2,000 Pa.s (2,000,000 centi-
poise), measured using a Brookfield RVT viscometer at 25°C.
The epoxy resin can have an equivalent weight of from about
70 to about 2,000. Those skilled in the art will recognize
that epoxy equivalent weight is the gram molecular weight
of the resin per epoxy group.

Examples of suitable epoxy resins are polyallyl
glycidyl ether, diglycidyl ether of chlorendic diol, the
diglycidyl ether of endomethylene cyclohexanediol, epoxy
novolac resins, alkanediol diglycidyl ethers, and
alkanetriol triglycidyl ethers. Preferred epoxy resins
include alkanediol diglycidyl ethers having the formula:

0
bcnz—w—mn—o-wz_q



E@Wer ‘Rr}EﬂTyf unctional aliphatic amne results in a marked
roperties of the foamend product_of this invention.

‘Eve he adde éq} bout 3% by wei ght of polyfunctlonal “al-+phatic am ne
hasip o&h 98  hpvi ng | ower density, |ncreaseuu th and absorbency
I n t oam wi t hout pol yfuncti onal ¢n&mh%d

not qd, “The prOV|ded hydrophilic material sS4 nd nu ons |n t he
f or rh_of _f cars—amd=tTTTs. For exanpl e, the hydrophlh

i nvention may be enployed as absorbent elements in sanitary na ns such as
disclosed in U S. Pat. No. 4,759,754 in the nane of Korpman, which is

i ncor por at ed t}ﬁéﬁ—bg nb% hsgeseos&e ofTbeoﬂerestasau@fzéoaﬁa RCLHrLing to
e

this |nvent|on 1 S st carried, out u5|ng a tw ste pEoceSE gon5|st|ng of
lkylene or alkylidene group contalnl g from o0 about Y0

carbon atoms. Preferably, n has a value of from 1 to
about 15 and X is alkylene or alkylidene containing from

5 about 2 to about 6 carbon atoms. Preferred alkanediol
diglycidyl ethers include ethylene glycol diglycidyl
ether, propylene glycol diglycidyl ether, and butanediol
diglycidyl ether. More preferred glycidyl ether resins
include alkanetriol triglycidyl ethers whereln the alkane

10 group contains from about 2 to about 10 carbon atoms.
Even more preferred are glycidyl ether resins wherein the
alkane group. contains from about 3 to about 6 carbon
atoms, such as glyceryl triglycidyl ether and the
triglycidyl ether of trimethylolpropane.

15

While epoxy resins such as these produce soft,

absorbent, and resilient foams according to this
invention, they tend to Teact too slowly for use in a
commercial process. Thus, where foams are to be provided,

20 the preferred epoxy resins are the di- and polyglycidyl
ethers of bisphenols, such as the diglycidyl ether of
bisphenol A, which is commercially available from the
Shell Chemical Company as EPON 828, The bisphenols from
which these resins are prepared should have the formula:

wherein R is a bivalent radical.comprising from 1 to about
30 8 atoms selected f£rom the group consisting of carbon atoms
(C), oxygen atoms (0O), sulfur atoms (S), or nitrogen atcms
(N). Preferably, R is an alkylene or alkylidene group A
having from 1 to about 8 carbon atoms. Mére preferably, R
is an alkylene or alkylidene group containing from 1 to
35 about 6 carbon atoms. Examples of suitable bisphenols

25



perform.ng an internediate reaction step and then foamingthe

| PST-pe K
x; ction mixturefab polynerization contin- ues. This-process is descrihed
_inipg y 40T W Pat. No. 4,554,297,. which is i ncorporatrﬁglsﬂaa&mWW\“
this
n.

efference. The plogess there disclosed . was nodified in
ijnvertToTT TG0 1 nproye the reproduci bility of_the foans of
oans according.tolthe present invention were pre- pared ol  ows: excess

epoxy resin was reacted with one or nore am ne-term nated pol y(al kyl ene
oxi des) at a tenperature between about 50[err]- C. and 110[err] C to

Thi s roacti on FECEBHBI BrEety T HTHSbOLE 2 URyASTTE i £R A TOLE 20 SOTbrite ¢
and about 90 nsom afes afdnmildsi nechlte 1dD[Eron ddowarl #o cabdutnuied to
react until Its,XE8CRSLEN D850 AR s 8l GRIY I A SErofdsitd p Pl e
oxide-éapped polyethylene glycol and are available from
5 Texaco as compounds wherein the a, b, and c values are in

the following ratios:

Jeffamine Compound Approximate Value of

Db atg

10 ED-600 8.5 2.5
ED-900 15.5 2.5

ED-2001 ' 40.5 2.5

Suitable foams have also been prepared by combining these

15 amine- terminated poly(alkylene oxides) with a
polyoxypropylene amine sold by the Texaco Chemical Company
under the name Jeffamine T-403 and having the following
formula: —

20 CH,—[O0—CH,—CH(CH,) ].~NH;
: CH:"'CHF?'CHF' [O—CH,—CH(CH,) ] y-NHz

CH:—'[O CH,—CH(CH,) ].~NH:

25
wheiein the sum of x and ¥y and z is between about 5 and
about 7.3. It will be appreciated that such
polyoxypropylene amines are also aminefterminated
poly(alkylene oxides). The terminal amine groups may be

30 mono-substituted ‘with lower alkyl groups, preferably
methyl and/or ethyl groups. .However, these amine groups
must have at least one hydrogen available for reaction in
order to be useful in the copolymers of this invention.

35



pn1nared_poﬂy(alkylene oxi de) and pol yfunc- tional aliphatic am ne
s[ﬁﬁh&lned ‘Wi th bﬂomﬁng agent to create Part B. Part. .B-was—aintained at
Per at ur e. |qut B was then conbined with Part A (having a
§UF| g;%e about 90 C. to about 110[err] C. YhiaShest&or® Em‘gt ure
ndelf "goo g conditions. The restgting n1xtur ature
Sy mul t aneously, the am ne cured th idified

rel eased gas iIsing the m xture to foam Upon n1X|ng of the t wo

oam ng began and the creany mass was cured in an oven held at

130{err] C unt k1 Bal ARkefy fens WiiatRntAS QR0PIrBRY1idene bisphenol,
butylidene bisphenol, octylidene bisphenol, bisphenol

sulfide, bisphenol ether, and bisphenol amine,
Isopropylidene bisphenol is preferred for preparing
5 hydrophilic foams according to this invention.

The amine-terminated poly(alkylene oxide) may be in
the form of mixtures of amine-terminated pol}(alkylene
oxides), copolymers of alkylene oxides such as random

10 copolymers and block copolymers, or mixtures thereof.
Ethylene oxide groups must be present in one or more of
the polymers. Preferably, propylene oxide groups are
present as well in a ratio of from about 1 to about 15
ethylene oxide groups per propylene oxide group.

15

The ratio between ethylene oxide groups and propylene
oxide groups is important in that a disproportionately
large amount of propylene oxide groups will result in a
material that is too hydrophobic for use in absorbent

20 products as the absorbent medium. However, a
disproportionately large amount of ethylene oxide groups
will result in-a material that is not sufficiently
resilient. The preferred range for this ratio is from
about 1 to about 15 ethylene oxide groups per propylene

25 oxide group, more preferably from about 3 to about 10
ethylene oxide groups per propylene oxide group.

Anmine-~terminated poly(alkylene.oxides) are
commercially available, one source being the series of
30 polymers sold by the Texaco Chemical Company under the
trademark “Jeffamine". A particula:ly useful series of

Jeffamine compounds are designated by Texaco “Jeffamine
ED" and have the structure:

CH, ’ Ci-l., . CH,
35
H,N—CH~CH,— (O—CH—CH,) ,~ (O—CH,~CH,) ,— (0—CH,;—CH) ;~NH,



B S S _
8 i (““”‘ + Those skilled in the art mﬁll recognlze that bl owi ng

s 324 Gl qg%n ively known as foam ng agents. ~wi.de
va i ¢ty of blomnn agents may be enployed in the This § process of
t hi s H-nvertom: Lert in preferred bl ow ng ' “§ammqﬁ§ﬂgzo
bi $(i sobutyronitril and benzene . sulfonyl ease
gas_dpon heati ng. O her prefé@red bl owi ng
sodi um car bonat e or - sodi um bi carbonate, rel ease gas the
addi tion of anot her chenical noiety, such as an acid or an
acid salt.

Polyfunctional aliphatic amines are also incorporated
into the hydrophilic polymers of this invention. Certain
polyfunctional aliphatic amines have the general formula:

BN (CH, ) — [NH—(CHy) «]o~ [NH—(CH, ) ,1,— (CH,) ~NE,

10 wherein w, x, y and z are independently selected to be the

same or different and have a value of from 2 to about 15,

: and n and i are independently selected to be the same or
different and have a value of from zero to about 6. More

preferred are the difunctional amines having the formula:

15
HyN-(CHy) . ~NH,
as well as the trifunctional amines having the formula:
20 HZN—(CHZ)x-NH-(CHZ)y—NH2

wherein x and y and independently selected to be the same
or different and have a value of from 2 to about 15, such
as, for example, ethylene diamine, butylene diamine,

25 hexamethylene diamine, diethylene triamine,
dihexamethylene triamine, and 2-methyl pentamethylene
diamine, which is commercially available from DuPont as
Dytek A. )

30 The proportions of epoxy resin to amine-terminated
poly(alkylene oxide) in the reaction mixture may vary over
a substantial range. ~»refecably, the ratio of epoxy :
groups to amine groups (inclusive of the amine groups in
both the polyfunctional aliphatic amines and the

35 amine-terminated poly(alkylene oxide) portions of the



A pdTTcuI arly preferred bl owing agent is sodi um boro- ,

| ge—whi-ch™génegates hydrogen gas upon heating in - -~ =—-—+the
Ppreserice_ of t The bl ow ng agent__shoul d be introduced
iht o}t e°‘a&?ﬁ%4l 3

mxture at the appropriate tiMgoneetHas plaggd
vi scpsity - of Part Ais aboti 850 centi p "1 ” I” ,”
If the bl ow ng agent ils introduced too early into-the I -

pr epolyrer—ttre=gas di ffuses through the relatively lig- uid
m xture and fails to formstable cells. If the bl ow ng agent
is introduced FBBCFLEPR MIFRIIRkRAY FANGF IfFOFe ahopt 1 to about 3. s¥pirg and
inelastic for pbergasblip, fOHi8 ceddiv is between about A il nboud Bhips

i nvention, the_ bl ow n}g gggnter amine Qrou shoul d be m xed with one or
nor e pol yfunct FBRAY &ff P g ﬁh‘atic am nes and one or nore

am ne-term nated pol y- (al kyl ene oxides) to yield Part B;

whi ch optignal |y cofidiyfunctional aligHdtSes aiifids adfidivese siga &y water

and/ or surfact% g'reaction mixture such that'they constitute from about
1% to about 12% by weight of the final polymer and, more
preferably, from about 3% to about 8% by weight. of the
polymer. Thus, the addition of even a small amount of

10 polyfunctional aliphatic amine results in a marked
difference in the properties of the foam end product of
this invention. Even the addition of about 3% by weight
of polyfunctional aliphatic amine has produced a foam
having lower density, increased strength and absorbency in

15 comparison with a foam without polyfunctional aliphatic
amine.

>
<

o
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As noted, the provided hydrophilic materials £find
numerous applications in the form of foams and films. For
20 exanmple, the hydrophilic foams of this invention may be '
employed as absorbent elements in sanitary napkins such as
disclosed in U.S. Patent 4,759,754 in the name of Korpman,
which is incorporated.herein by reference.

25 The production of foams according to this invention

is best carried out using a two.step process consisting of
. first performing an intermediate reaction step and then

foaming the reaction mixture as polymerization continues.
This process is described in part in U.S. Patent

30 4,554,297, which is incorporated herein by reference. The
process there disclosed was modified in accordance with
this invention to improve the reproducibility of the foams
of this invention.

35



Pluronic L-62 whi-eh—--sycommercially available from BASF or -

ot her ngeplgthEETlrSl‘EHmts known to those of TSKitt—ia-the
art my be—used: Foanms according to theppge SNt i nventi on
and tHhe prior art were prepared and chara BRgplacaan-
strate thé-"s“i%gff“?%%nt inprovenents in properties and I”m ’M
procesjsijng which attend |t he incorporation,gf small nts
of aliphatic am nes in tihe pol ymers of the pres- ent _

I nvent \eR—Fre—resuf TS are summari zed in Table I, wher ein
the foll ow ng procedures were enployed in I chatafter52|ng t he
sanpl es: Density:, 5" 1" es were cut an

wei ghed. Foams 3REOHLNIY: 5O ubBSCRFETPAE CUPTFBH The"kFouN wei ght
and prepared| egefollows: excess epoftyreedinevadifie€ictedivigml |

the ingredi entge b&emBQanmlne termlnated'50@&k9fﬁ91£ﬁbr6§fh@§p dg tine

required to a%tabgrg%ure between about 50°C and 110°C to produce a

5 stable, viscous epoxy-terminated prepolymer denominated
Part A. This reaction is complete within about 2 days if
maintained at 50°C and about 90 minutes if maintained at
'110°C. Part A continued to react until its viscosity has
about 850 mPa.s (850 centipoise). Additional amine-terminated

10 poly(alkylene oxide) and polyfunctional aliphatic amiﬁe
was combined with blowing agent to create Part B. Part B
was maintained at room temperature. Part B was then
combined with Part A (having a temperature between about
90°C to about 110°C) at_zggm temperéture and under good

15 mixing conditions. The resulting mixture had a
temperature of about 70°C. Simultaneously, the amine
cured the epoxy and solidified and released gas, causing
the mixture to foam. Upon mixing of the two components,
foaming began and the creamy mass was cured in an oven

20 held at 130°C until a tack-free surface was obtained.

. Those skilled in the art will recognize that blowing
agents are alternatively known as foaming agents. A wide
variety of blowing agents may be employed in the process

25 of this invention. Certain preferred blowing agents, such
as azo pis(isobutyronitrile)'and benzene sulfonyl
hydrazide, release gas upon heating. Other preferred
blowing agents, such as sodium carbonate or sodium
bicarbonate, release gas upon the addition of ‘another

30 chemical moiety, such as an acid or an acid salt. A
particularly preferred blowing agent i35 sodium
borohydride, which generates hydrogen gas upon heating in
the presence of water.

35



+ Was neasured. ~ Tensite-Strength:
re cut and pull‘hgag}]ﬁft an Instron

paration was . j' 3//”/ Wi/gged was

The blowing agent should be introduced into the
mixture at the appropriate time, i.e. when the viscosity
of Part A is about 850 mPa.s (850 centipoise).

free surface :
ACEMENT SHEE

1" pér msngtgeCT 1996

5 If the blowing agent is introduced too early into the
prepolymer, the gas diffuses through the relativély liquid
mixture and fails to form stable cells. If the blowing
agent is introduced too late, the prepolymer will be too
solid and inelastic for the gas to form cells.

10
According to this invention, the blowing agent should
be mixed with one or more polyfunctional aliphatic amines
and one or more amine-terminated poly(alkylene oxides) to
yield Part B, which optionally comprises other additives,
15 such as water and/or surfactant. Pluronic L-62, which is
commercially available from BASF or other nonionic
surfactants known to those of skill in the art may be used.
Foams according to the present invention and the
20 prior art were prepared and characterized to demonstrate
the signifiqant improvements in properties and processing
which attend the incorporation of small amounts of
aliphatic amines in the polymers of the present
invention. The results are summarized in Table I, wherein

the following procedures were employed in characterizing
the samples:

25

Density: 12.7 x 12.7 X 2.54 cm (5" x 5" x 1") samples we

cut and weighed. The density was calculated from the known
30 weight and volume.

Cure Time: After mixing all the ingredients, the.
foam is allowed to rise-and the time required to attain

tack~free surface at 130°C was measured.
35



Fluid Wcking Capamty 1" x 6" X [err]" strips were pre- pared and pl aced
on an preHne fied angle (15 or 30[err]). The tip of each sanple
-was di p%EF'AﬁE‘\ﬂEﬁ OSRE%L sol ution and the fluid was allowed to wick into the
sanpl el uptiT eqU|1|br| m was reached. Thi's test reflects the ablllty of the

foamt o abgo isport fluid spontaneously. Thg:.k orted
{ is'sfie ats%e cﬁ(?
as anognt UI per ohe gram of foam

1 ? 5 Part A (90fez+] C.) EPC]\I 8HM” Iu" 46
52.3 % 57 .60 Jeff ani ne ED- 600, gr 1 16.6
Jef fam e ED- 2001, gr 20 - 26 - Part B (20[err] C)

2- Met hyl Pent anet hyl ene - - 7 5. 8 3.4

Tensile Strength: 2.54 x 12.7 x 0.635 cm (1" X 5" x 1/4")
strips were cut and pulled in an Instron testing device. Jaw
separation was 7.62 cm (3"). Crosshead speed was 2.54 cm (1")
per minute.

Fluid Wicking Capacity: 2.54 x 15.24 x 0.635 cm (1" x 6"
X 1/4") strips were prepared and placed on an incline at a

. specified angle (15° or 30°). The tip of each sample-was
dipped in a 1% NaCl solution and the fluid was allowed to
wick into the sample until equilibrium was reached. This test
: reflects the ability of the foam to absorb and transport fluid
spontaneously. The results are reported as amount of fluid
per one gram of foam.

IABLE X

i 2 3 4 2
Part A _(90°C)
EPON 828, gr 46 52.3 59 57 60
Jeffamine ED-600, gr 6 14.6 8 7.1 16.6
Jeffamine ED-2001, gr 20 —_— 26 25 —_——
Part B (20°C)
2-Methyl pentamethylene —_— —_ 7 5.8 3.4
diamine, gr
Jeffamine ED-600, gr 28 33.1 o] 5 ' 20
Sodium borohydride, gr 0.75 0.75 0.75 0.75 0.75
Pluronic L-62 , gr 1.0 1.0 1.0 1.0 1.0

Water, gr . 2.0 2.0 2.0 2.0 2.0
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10.75 0.75 0.75
0 Water, gr

s summuari zed in Table |

Properties

Density kg/m33 72.13
(1b/£t”) (4.5)
Cure Time, min. 130°C 9.0
Tensile Strength N/mm3
(PSI)
Dry 0.088
(1.27)
Wet 0.041
(0.6)
Fluid Wicking Capacity, g/g
15° 4.6
30° 2.7

33.1 O

5

0.75 PIuronlc

4. 5 Thdls szeet

.0

1.27. 1.9 13.0 9.2
1 Fluid VVcklng Capacity g/g 15[err]

65.72
(4.1)

8.0

0.131
(2.9)
0.048
(0.7)

2.7
1.8

40,07
(2.5)

2.0 -

0.897
(13.0)
0.372
( 5.4)

17.0
10.1

20 Sodlum

een

L—- 62 ----- gr

gd
PSI

1.8 10.1
44.88  48.08
(2.8)  (3.0)
2.0 3.0
0.635 0.676
(9.2)  (9.8)
0.166 0.214
(2.4)  (3.11)
13.2 10.4
8.1 7.5

The results summarized in Table I clearly demonstrate

the improvements in foam properties and processability

which resulted from the addition of 2-methyl
pentamethylene diamine. Samples 1 and 2 illustrate foams
without the poly-aliphatic diamine 2-methyl pentamethylene

diamine have considerably higher density,

longer cure
time, lower wet and dry tensile strength and much lower

fluid wicking capacity than foams containing 2-methyl

pentamethylene diamine. The lower density and shorter
cure time make the formulations of this invention more

economic to make in that they can be processed more

gquickly. Moreover, the same amount of materials can

create a larger volume of f£oam than that of the prior

formulations.

In principle, hydrophilic f£ilms can also be prepared

Thus,
according to this invention are prepared by reacting one

film;

_ according to the present invention by omitting the blowing
agent and the water from the formulations.

or more amine-terminated poly(alkylene oxides) with excess

epoxy resin & a temperature between about 50°C and 110°C

to produce a stable, viscous prepolymerx.

As the reaction

proceeds and polymerization occurs between the epoxy resin

and amine-terminated poly(alkylene oxide),

the viscosity

8.1



strate the inprovenents f oam properties and process- ability which
resul ted O s -.;Hggpn of 2-methyl pentanethylene di am ne.-Sanples 1
and 2 |IIU§&PE&Q§ #d--u #ht hout t he poly-aliphatic dianine-2- nethyl pen-
nsi derably hi gher density, |on er-g#h@ tine,

| ower mEt and=of st rength and much | ower flyj.é apacity

t han foang ' [ met hyl pent anet hyl ene di . den-
sity and gha [ Bke the formul ations of \! l'on nore
econom ¢ tjo nake in ey can be proggssed nore y. Moreover, the
sanme anourt materials can create a |arger volunme of foamthan that of
the prior formulations. In principle, hydrophilic filns can al so be

prepared according to the present invention by omtting the blow ng agent
and the “ﬁtefoEfEE%tJ%%pé¥§E£ra%H%Q§ The viscous oligomer is then
cooled to 25°C and diluted to a 50% (weight) solution with
iSOPrOpyl alcohol or some other suitable solvent.

5 One or more polyfunctional aliphatic amines are then
mizxed with one or more amine-terminated poly(alkylene
oxides) and, optionally, other additives such as the
surfactant Pluronic L-62. This blend is then mixed with
the prepolymer to produce a viscous reaction mixture,

10 which is allowed to reach room temperature.

To produce a hydrophilic £ilm, an approximately 0.254 mm
(10 mil) thick £film of the viscous reaction mixture is drawn
on a glass plate that is pretreated with a mold release such
15 as silicone or a fluorocarbon. The alcohol/solvent is
allowed to evaporate for about 30 minutes at room
temperature and the coated plate is placed in a 100°C hot
air oven for about 20/mimuwtes until the £ilm cures. The

cured hydrophilic film is then removed from the glass.
20

25

30

35
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Thus, filnms according to this invention are prepared by reacting
nore am ne-term nated pol y(al kyl ene

10

15

20

25

30

35

REPLACED&VNT QHtET

] e
| J o i

1. A hydrophilic material comprising the reaction
product of a reaction mixture which comprises  'at least one
epoxy resin, at least one amine-terminated poly(alkylene
oxide), and at least one polyfunctional aliphatic amine,

2. The hydrophilic material ofﬁclaim 1l wherein the
epoxy resin has an average of at least 1.7 epoxy groups
per resin molecule.

3. The hydrophilic material of claim ‘1 wherein the
epoxy resin has an average of between about 1.7 and about
4.0 epoxy groups per resin molecule.

4. The hydrophilic material of claim 1l wherein the
epoxy resin comprises a polyglycidyl ester of a
polycarboxylic acid.

5. The hydrophilic material of claim 1 wherein the
epoxy resin comprises a glycidyl ether resin.

6. The hydrophilic material of claim 1 wherein the
epoxy resin comprises an alkanediol glycidyl ether having

.the formula: .
0
b—cnﬁ 0—x>,,-o-cnz<}

" wherein X is selected from the group consisting of
alkylene and alkylidene groups containing from 1 to about
10 carbon atoms, and n has a value of from 1 to about '25.



“oxides) with excess_epo _e5| nﬁ;ssﬂeeggﬂ'%ggnq{te re be- tween about 50 C. and

110[ err] G “d ner. As the reaction
‘proceeds Yaril tilon. occmﬂﬂﬂmwlﬂr e epoxy resin_and amne--
term natef P Xy de) of the prepol yrrer

ri The
vi scous oli obled to 25 C. and diluted t ﬂmi @
sol ution W phol or some O#Eer swtabl mm
en nixed with one ‘or "nore

am ne-ter [ | ene oxi des) and, optionally, other additives
such as the~sSurfactant Pluronic L-62. This blend is then m xed with the

prepol yner to prodyce a_yi scous reacgtion m xtuge, ch i | omed O reach
room t enper at ur e. Q'To %@d&&gﬁg &P&pWPFFEIFﬁ RE ShaéﬂpioYLﬁﬁfb?y €% nil

thick film of ﬂﬂﬂ;vasﬁdusimea@uk@neﬁlftomeths grawn consisting of di-
and polyglycidyl ethers of bisphenols, the bisphenols

having the formula:

wherein R is a bivalent radical comprising from 1 to about
8 atoms selected from the group consisting of C, O, S, or

N.
10 |
. 8. The hydrophilic material of claim 7 wherein R:is
] selected from the group consisting of alkylene and
alkylidene radicals containing from 1 to about 8 carbon
atoms. ' '
15

9. The hydrophilic material of claim 1 wherein the
epoxy resin comprises isopropylidene bisphenol.

10. The hydrophilic material of claim 1 wherein the
20 amine-terminated poly(alkylene oxide) is selected f£rom the
group consisting of amine-terminated poly(propylene
oxide), amine- terminatpd poly{ethylene pxide),
amine-terminated copolymers of ethylene oxide and
propylene oxide,. and mixtures thereof.
25 - ’
11. A product which is useful in absorbing bodily
fluids, comprising a hydrophilic foam which comprises the
reaction product of a reaction mixture which comprises at
least one epoxy resin, at least one amine-terminated
30 poly(alkylene oxide), and at least one polyfunctional
aliphatic amine. '

12. A method for preparing hydrophilic materials
comprising the steps of: '
providing at least one epoxy resin;
- 35 forming a reaction mixture by_contacting the epoxy
resin with at least one amine-terminated poly(alkylene

oxide) and at least one polyfunctional aliphatic amine; and



on a glass plate that is pretreated with a nold rel ease such as silicone or
a fluorocarb ‘¢ @L“phqu$o vent is allowed to evaporate for about 30
‘minutes at rdoRE ntd the coated plate is placed in a 100 C. hot
air oven for lahout 20/ninute ntil the filmcures. The cured hydrophilic
filmis then y dmoyddOCT MPe ha gl ass. 11

17

HYDROPHILIC MATERIALS USEFUL IN

PREPARING FLUID-ABSORBENT PRODUCTS

Improved hydrophilic materials, such as foams and filmé, are
provided. These material find use in a wide variety of fluid
absorbent products, especially those relating to the absorption
of bodily £luids. The soft absorbent and resilient foams of this
invention exhibit greater wet and dry mechanical strength when
compared with those known in the art, as well as improved fluid
wicking capacity and lower density.

The provided hydrophilic materials comprise the polymeric
reaction product of a mixture which comprises at least one expoxy
resin, at least one amineterminated poly(alkylene oxide), and at
least one polyfunctional aliphatic amine. Methods for preparing

foams and other hydrophilic materials are also provided.

This Sheet Has Been R liq
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What i LS:

1. A hydropm
the r a@kaACEMEH] Si4 product of a reaqtl
at | eas — one epoxy resin, at lieg
poly-| { kyl ene oxi de), and at Eea
phat i 2. The hydqophlg*' i
wher epoxy resin has an dv At ey

gr ougs er resin nol ecul e. _ 3. The

hydr ophi | claim1l wherein the : T T TR __,--§=‘.'f_epoxtjl("r(é'é| n han
an average of between about 1.7 and about 4.0 "epoxy” groups™
per resin nol ecul e. HYDROPHILIC MATERIALGUSEFULQANmterial of claim
1 wherein the PREPARING FLUID-ABSORBENT PRODUCTS

This is a continuation of application Ser. No. 594,255,
filed Oct. 9, 1990, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to hydrophilic polymeric mate-
rials, to hydrophilic polymers having improved proper-
ties, and to the use of such polymers in fluid-absorbent
products.

Hydrophilic polymers find extensive use in many
applications in the form of foams and films. Hydrophilic
foams, for example, can be integral component of sani-
tary napkins, tampons, diapers, wound and surgical
dressings, and other products useful in absorbing bodily
fluids. The utility of foams in such applications derives
from their high affinity for aqueous liquids.

Unfortunately, the strong interaction between water
and many hydrophilic foams often leads to swelling and
to a significant loss in mechanical strength. For exam-
ple, U.S. Pat. Nos. 4,554,297 and 4,508,854, both in the
name of the present inventor, Dabi, disclose polymers
which are the reaction products of epoxy resins and
amine-terminated poly(alkylene oxide). In U.S. Pat. No.
4,554,297, an absorbent foam comprising an epoxy resin
and amine-terminated poly(alkylene oxide) oligomers is
described. The amine-terminated oligomers in that pa-
tent are selected from the group consisting of amine-ter-
minated poly(propylene oxide), amine-terminated poly-
{ethylene oxide), and mixtures thereof. These polymers
were said to contain sufficient amounts of ethylene
oxide units to render the polymer hydrophilic. The ratio
of ethylene oxide to propylene oxide groups was re-
quired to be in the range of 1.0 to 15.0.

While foams made from the polymers disclosed in
U.S. Pat. Nos. 4,554,297 and 4,508,854 exhibit the levels
of softness, absorbency, and resiliency desired for use in
sanitary napkins and other products which absorb bod-
ily fluids, these foams suffer from reduced mechanical
strength, particularly when wet. Such loss of mechani-
cal strength tends to compromise the structural integ-
rity of the fluid absorbent products into which these
foams are incorporated. Accordingly, there currently
exists a need for hydrophilic foams which exhibit ac-
ceptable levels of wet mechanical strength.



a pol yglycidyl ester of a polycar.

5. The hydrophilic material of claiml
epoxy resin conprises a glycidyl ether resin.
tlerial. of claim1l wherein the -+ epoxy
fanedi ol gl ycidyl etpher hav- I ng the

[err] wherein X is sel ected
i group consisting of al- kyl ene and aIkyIidenS ]
groups cont ai ni Ng 1 UM gp& tN’llfb arbon atonms, and n has
a value of from1l to " MARYO%out E Re 7. The

hydrophilic material Gfheipagsentl invamtionnprdwides improved hydro-
philic materials, such as foams and films. The soft, ab-
sorbent, and resilient foams of this invention exhibit
greater wet and dry mechanical strength when com-
pared with those known in the art, as well as improved
fluid wicking capacity and lower density. These im-
proved properties are believed attributable to the incor-
poration into the foams of at least one polyfunctional
aliphatic amine.

The hydrophilic materials of this invention are thus
composed of the polymeric reaction product of a mix-
ture containing at least one epoxy resin, at least one
amine-terminated poly(alkylene oxide), and at least one
polyfunctional aliphatic amine.

This invention also provides methods for preparing
foams and other hydrophilic materials. In general, such
hydrophilic materials may be prepared by providing at
least one epoxy resin, forming a reaction mixture by
contacting the epoxy resin with at least one amine-ter-

minated poly(alkylene oxide) and at least one polyfunc-
tional aliphatic amine, and curing the reaction mixture.

Foams may be prepared by providing at least one
epoxy resin; forming a prepolymer by contacting the
¢poxy resin with at least one amine-terminated poly-
(alkylcnc oxide); forming a foaming mixture by contact-
ing the prepolymer with at least one amine-terminated
poly(alkylene oxide), at least one polyfunctional ali-
phatic amine, and a biowing agent; and curing the foam-
ing mixture.

Hydrophilic materials comprising the polymers of
this invention find use in a wide variety of fluid absor-
bent products, particufarly sanitary napkins, tampons,
diapers, wound and surgical dressings, and other prod-
ucts useful in absorbing bodily fluids.

It is thus one object of the present invention to pro-
vide hydrophilic polymeric materials.

It is another object to provxde hydrophilic polymers
havmg improved properties.

It is yet another object to provide hydrophilic poly-
mers having improved wet and dry strength.

It is still another object to provide hydrophilic poly-
meric materials useful in the fabrication of fluid-absorb-
ent products.
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DETAILED DESCRIPTION OF THE
INVENTION

The hydrophilic materials of this invention are com-
posed of the reaction product of a mixture that contains
at least one epoxy resin, at least one amine-terminated
poly(alkylene oxide), and at least one polyfunctional
aliphatic amine.

A wide variety of epoxy resins comprising mono-
mers, polymers, and blends thereof are known in the art.
Many are suitable for use in the present invention.
Epoxy resins according to this inventien should con-
tain, on average, at least- about 1.7 epoxy groups per
molecule, preferably from about 1.7 to about 4.0 epoxy
groups per molecule, and more preferably from about
1.7 to about 2.3 epoxy groups per molecule. The epoxy
resin may be a liquid or a low-melting solid. Preferably,
the resin is a liquid having a bulk viscosity of from about
200 centipoise to about 2,000,000 centipoise, measured
using a Brookfield RVT viscometer at 25° C. The epoxy
resin can have an equivalent weight of from about 70 to’
about 2,000. Those skilled in the art will recognize that
epoxy equivalent weight is the gram molecular weight
of the resin per epoxy group.

Examples of suitable epoxy resins are polyallyl glyci-
dyl ether, diglycidyl ether of chlorendic diol, the di-
glycidyl ether of endomethylene cyclohexanedio],
epoxy novolac resins, alkanedicl diglycidyl ethers, and
alkanetriol triglycidyl ethers. Preferred epoxy resins
include alkanediol diglycidyl ethers having the formula:
wherein n has a value of from 1 to about 25 and X is an
alkylene or alkylidene group containing from 1 to about
10 carbon atoms. Preferably, n has a value of from 1 to
about 15 and X is alkylene or alkylidene containing
from about 2 to about 6 carbon atoms. Preferred al-
kanediol diglycidyl ethers include ethylene glycol di-
glycidyl ether, propylene glycol diglycidy] ether, and’
butanediol diglycidyl ether. More preferred glycidyl
ether resins include alkanetriol triglycidyl ethers
wherein the alkane group contains from about 2 to
about 10 carbon atoms. Even more preferred are glyci-
dyl ether resins wherein the alkane group contains from
about 3 to about 6 carbon atoms, such as glyceryl tri-



etted fromthe group consisting of C, O S, or N
’(’:l'r'gﬁhi | f\c\material of claim7 wherein Ris sel ect-ed fromthe
1%%0@'@'(33\997”9 ofy\ al kyl ene and al - kyl i dene radi-cal s containing
i about 8} clr bon atons. ° 4 9. The hydrophilic materi al
| ai rein {hglycidyl eth@Oxad Eiabirdglgeidpl eches of simetipyol dene
Opr ,glﬁ,ehydrophi lic material of claim1 wherein the
e-t-erTi nat ed pol yE apileEdoxPreddas such Sahese pradhieosort, absor-t he group
Corm st 0 of ot U Sef, A HhsIRhY (BRAPYecording 1b QAR iYL, am ne-
ermnate o y(ethyl héy P2tdOf) react too slowly for use in a commercial
process. Thus, where foams are to be provided, the
preferred epoxy resins are the di- and polyglycidyl
ethers of bisphenols, such as the diglycidy! ether of
bisphenal A, which is commercially available from the
Shell Chemical Company as EPON 828. The bisphenols
from which these resins are prepared should have the
formula: . ’

wherein R is a bivalent radical comprising from 1 to
about 8 atoms selected from the group consisting of
carbon atoms (C), oxygen atoms (Q), sulfur atoms (S),
or nitrogen atoms (N). Preferably, R is an alkylene or
alkylidene group having from 1 to about § carbon
atoms. More preferably, R is an alkylene or alkylidene
group containing from 1 to about 6 carbon atoms. Ex-
amples of suitable bisphenols include methylene bisphe-
nol, isopropylidene bisphenol, butylidene bisphenol,
octylidene bisphenol, bisphenol sulfide, bisphenol ether,
and bisphenol amine. Isopropylidene bisphenol is pre-
ferred for preparing hydrophilic foams according to
this invention.

The amine-terminated poly(alkylene oxide) may be in
the form of mixtures of amine-terminated poly(alkylene
oxides), copolymers of alkylene oxides such as random
copolymers and block copolymers, or mixtures thereof.
Ethylene oxide groups must be present in one or more
of the polymers. Preferably, propylene oxide groups are

.present as well in a ratio of from about 1 to about 15
ethylene oxide groups per propylene oxide group.

The ratio between ethylene oxide groups and propy-
lene oxide groups is important in that a disproportion-
ately large amount of propylene oxide groups will result
in a material that is too hydrophobic for use in absor-
bent products as the absorbent medium. However, a
disproportionately large amount of ethylene oxide
groups will result in a material that is not sufficiently
resilient. The preferred range for this ratio is from about
1 to about 15 ethylene oxide groups per propylene oxide
group, more preferably from about 3 to about 10 ethyl-
ene oxide groups per propylene oxide group.
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famine compounds are designated by Texaco “chfam-
ine ED” and have the structure: wherein b has a value
of from about 7 to about 50 and the sum of a and ¢ has
a value of from about 1 to about 5. These black copoly-
mers are derived from propylene oxide-capped polyeth-
ylene glycol and are available from Texaco as com-
pounds wherein the a, b, and ¢ values are in the follow-
ing ratios:

groups in
about 3 and

13. Alihﬁe-‘?éf%ﬂﬁ'&a bry(mb&rnb%lxxd&) &edofreraher ei n the
ofpolym@-goxy groups per

1 wherein the
epoxy groups

Approximate Value of

Jeffamine Compound b X
ED-600 8.5 235
ED-S00 15.5 .5
ED-2001 40.5 . 2.5

Suitable foams have also been prepared by combining
these amine- terminated poly(alkylene oxides) with a
polyoxypropylene amine sold by the Texaco Chemical
Company under the name Jeffamine T-403 and having
the following formula:

CH"—[O"Cﬂz—CH(CHJ)h-NHz
CHJ"’CHZ-?'-CH""‘[O—Cﬂz-‘CH(CH 1];—NH;
CHy={O—CH2—CH(CH;)}:—NH:

wherein the sum of x and y and z is between about S and
about 7.3. It will be appreciated that such polyoxypro-
pylene amines are also amine-terminated poly(alkylene
oxides). The terminal amine groups may be mono-sub-
stituted with lower alkyl groups, preferably methyl
and/or ethyl groups. However, these amine groups
must have at least one hydrogen available for reaction
in order to be useful in the copolymers of this invention.

Polyfunctional aliphatic amines are also incorporated
into the hydrophilic polymers of this invention. Certain
polyfunctional aliphatic amines have the general for-
mula:

HaN—(CH3)s—{NH—(CH2)lr—[NH—(CH2),]..
—(CH2)—NH3



material of claiml1l wherein the

e of fromabout 8 to about 50 and
fromabout | to about 5.
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‘wherein w, X, y and z are independently selected to be
the same or different and have a value of from 2 to
about 15, and n and i are independently selected to be
the same or different and have a value of from zero to
about 6. More preferred are the difunctional amines
having the formula:

HaN—(CH3)y—NHa

as well as the trifunctional amines having the formula:

HaN—(CH2)—NH—(CH2),—NH:

wherein x and y and independently selected to be the
same or different and have a value of from 2 to about 15,
" such as, for example, ethylene diamine, butylene di-
amine, hexamethylene diamine, diethylene triamine,
dihexamethylene triamine, and 2-methyl pentamethyl-

ene diamire, which is commercially available from

DuPont as Dytck A. _

The praportions of epoxy resin to amine-terminated
poly(alkylene oxide) in the reaction mixture may vary
over a substantial range. Preferably, the ratio of epoxy
groups to amine groups (inclusive of the amine groups
in both the polyfunctional aliphatic amines and the
amine-terminated poly(alkylene oxide) portions of the
reaction mixture) may range from about 1 to about 3.
More preferably, this ratio is between about 1.5 and
about 2.0 epoxy groups per amine group.

Polyfunctional aliphatic amines should be added to
the reaction mixture such that they constitute from
about 1% to about 12% by weight of the final polymer
and, more preferably, from about 3% to about 8% by
weight of the polymer. Thus, the addition of even a

am ne-term nat ed

conprises a conpound having the fornmula: J[err]

the sum of a
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fontmil a; - [err] wherein the sumof x and y and z is
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small amount of polyfunctional aliphatic amire resulrs
in a marked difference in the properties of the foam end
product of this invention. Even the addition of about
3% by weight of polyfunctional aliphatic amine has
produced a foam having lower density, increased
strength and absorbency in comparison with a foam
without polyfunctional aliphatic amine.

As noted, the provided hydrophilic materials find
numerous applications in the form of foams and films.
For example, the hydrophilic foams of this invention
may be employed as absorbent elements in sanitary
napkins such as disclosed in U.S. Pat. No. 4,759,754 in
the name of Korpman, which is incorporated herein by
reference.

The production of foams according to this invention
is best carried out using a two step process consisting of
first performing an intermediate reaction step and then
foaming the reaction mixture as polymerization contin-
ues. This process is described in part in U.S. Pat. No.
4,554,297, which is incorporated herein by reference.
The process there disclosed was modified in accordance
with this invention to improve the reproducibility.of the
foams of this invention.

Foams according to the present invention were pre-
pared as follows: excess epoxy resin was reacted with
one or more amine-terminated poly(alkylene oxides) at
a temperature between about 50° C. and 110° C. to
produce a stable, viscous epoxy-terminated prepolymer
denominated Part A. This reaction is complete within
about 2 days if maintained at 50° C. and about 90 min-
utes if maintained at 110° C. Part A continued to react
until its viscosity has about 850 centipoise. Additional
amine-terminated poly(alkylene oxide) and polyfunc-
tional aliphatic amine was combined with blowing
agent to create Part B. Part B was maintained at room
temperature. Part B was then combined with- Part A
(having a temperature between about 90° C. to about
110° C.) at room temperature and under good mixing
conditions. The resulting mixture had a temperature of
about 70° C. Simultaneously, the amine cured the epoxy
and solidified and released gas, causing the mixture to
foam. Upon mixing of the two components, foaming
began and the creamy mass was cured in an oven held
at 130° C. until a tack-free surface was obtained.



about 10. 17 Tb.e—bjeirophi lic material of claim1l wherein the
pol yf En@pmggﬂfﬂ&] iSphat ijc am ne conprises a conpound sel ected fromthe group

consi tl] : et-hyt di ami ne, butyl ene di am ne, hexanet hyl ene di ani ne,
2- et hy| pentng%gwl epe| di am ne, diethylene triam ne, and di hexanet hyl ene
trianing. 19 , e hyfirophilic materialg of claim1l wherein the
pol yfUndtional alip | € am ne conprises a conpound having the fornul a:
[err] wherein x has alvalue of froml| to about 15. 19. The hydrophilic
mat er ilal—of—etatmt—wherein the polyfunctional aliphatic am ne conprises a
compound Those skilled in the art will recognize that dlowing
agents are alternatively known as foaming agents. A
wide variety of blowing agents may be employed in the
process of this invention. Certain preferred blowing
agents, such as azo bis(isobutyronitrile) and benzene
sulfonyl hydrazide, release gas upon heating. Other
preferred blowing agents, such as sodium carbonate or
sodium bicarbonate, release gas upon the addition of
another chemical moiety, such as an acid or an acid salt.
A particularly preferred blowing agent is sodium boro-
hydride, which generates hydrogen gas upon heating in
the presence of water.
The blowing agent should be introduced into the
mixture at the appropriate time, i.e. when the viscosity
of Part A is about 850 centipoise. '
If the blowing agent is introduced too early into the
prepolymer, the gas diffuses through the relatively lig-
uid mixture and fails to form stabie cells. If the blowing
agent is introduced too late, the prepolymer will be too
solid and inelastic for the gas to form cells.
According to this invention, the blowing agent
should be mixed with one or more polyfunctional ali-
phatic amines and one or more amine-terminated poly-
(alkylene oxides) to yield Part B, which optionally com-

prises other additives, such as water and/or surfactant.
Pluronic L-62, which is commercially available from
BASF or other nonionic surfactants known to those of
skill in the art may be used.

Foams according to the present invention and the
prior art were prepared and characterized to demon-
strate the significant improvements in properties and
processing which attend the incorporation of small
amounts of aliphatic amines in the polymers of the pres-
ent invention. The results are summarized in Table I,
wherein the following procedures were employed in
characterizing the samples:

Density: 5 X 5" X 1" samples were cut and weighed.
The density was calculated from the known weight and
volume.

Cure Time: After mixing all the ingredients, the foam
is allowed to rise and the time required to attain tack-
free surface at 130° C. was measured.

Tensile Strength: 1"X5"”X{" strips were cut and
pulled in an Instron testing device. Jaw separation was
3", Crosshead speed was 1” per minute.
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Fluid Wicking Capacity: 1” X 6" X {1’ strips were pre-

- pared and placed on an incline at a specified angle (15°

or 30°). The tip of each sample was dipped in a 1%
NaCl solution and the fluid was allowed to wick into
the sample until equilibrium was reached. This test
reflects the ability of the foam to absorb and transport
fluid spontaneously. The results are reported as amount
of fluid per one gram of foam.

TABLE I
. 1 2 3 4 5

Part A (%' C) )

EPON 818, gr 46 523 59 57 80
Jeffamine ED-600, gr 6 14.6 8 7.1 16.6
Jeffamine ED-2001, gr 20 - 26 25 -
Pun B 20°C.) -

2-Methy| Pentamethylene - - 7 58 - 34
Diamine; gr

Jeffamine ED-6QQ, gr 28 31 0O s 20
Sodium Borohydride, gr 075 075 075 075 07§
Pluronic L-62 . gr 1.0 1.0 1.0 1.0 1.0
Water, gr 20 20 28 0 20
Properties

Density Ib/fi3 45 41 25 28 3.0
Cure Time, min. at 130/C. 9.0 80 20 20 30
Tensile Strenpth, PSI .

Dry 1.27 19 13.0 9.2 9.8

Wet 06 07 54 24 311
Fluid Wicking Capacity, g/g

15° : 4.6 2.7
30° 27 18

170 132 104
10.3 8.1 1.5

The results summarized in Table I clearly demon-
strate the improvements in foam properties and process-
ability which resuited from the addition of 2-methyl
pentamethylene diamine. Samples 1 and 2 illustrate
foams without the poly-aliphatic diamine 2-methyl pen-
tamethelene diamine have considerably higher density,
longer cure time, lower wet and dry tensile strength and
much lower fluid wicking capacity than foams contain-

ing 2-methyl pentamethylene diamine. The lower den-

sity and shorter cure time make the formulations of this
invention more economic to make in that they can be
processed more quickly. Moreover, the same amount of
materials can create a larger volume of foam than that
of the prior formulations.

In principle, hydrophilic films can also be prepared
according to the present invention by .omitting the
blowing agent and the water from the formutlations.
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mat er E:?}’A%M%Taisﬁf Wherein the reaction m xture conprises fromabout 1%to
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Thus, films according to this invention are prepared by
reacting one or more amine-terminated poly(alkylene
oxides) with excess epoxy resin at a temperature be-
tween about 50° C. and 110° C. to produce a stable,
viscous prepolymer. As the reaction proceeds and poly-
merization occurs between the epoxy resin and amine-
terminated poly(alkylene oxide), the viscosity of the
prepolymer rises. The viscous oligomer is then cooled
to 25° C. and diluted to a 509 (weight) solution with
isopropyl alcohol or some other suitable solvent.

One or more polyfunctional aliphatic amines are then
mixed with one or more amine-terminated poly(alky-
lene oxides) and, optionally, other additives such as the
surfactant Pluronic L-62. This blend is then mixed with
the prepolymer to produce a viscous reaction mixture,
which is allowed to reach room temperature.

To produce a hydrophilic film, an approximately 10
mil thick film of the viscous reaction mixture is drawn
on a glass plate that is pretreated with a mold release
such as silicone or a fluorocarbon. The alcohol/solvent
is allowed to evaporate for about 30 minutes at room
temperature and the coated plate is placed in a 100° C.
hot air oven for about 20/minutes until the film cures.
The cured hydrophilic film is then removed from the
glass.



22. The hydrophilic material of claim1l wherein the reaction m xture

conprises fro Beyt 3 % to about 8 % pol yfunctional aliphatic am ne by

Ei Pt ACEMEBE. SHE hydrophilic material of claim1 wherein the reaction
X.

1 _ rises a bl ow ng agent. 24. The hydrophilic materi al
of tl iﬁnb_zg .%er t he bl owi ng agent i $; sodi um borohydri de. 25. The

h d'ogﬁ’l F ery of claim1 wherein the reaction m xture further
conprises a surfactint. 26. The hydrophilic material of claiml wherein
e material is in the formof a foam 27. The hydrophilic material of

' ' material is in the formof a film 28. A product
which is useful in %@r.bi Eﬁ%mb Iy fluids, conprising a hydrophilic foam

. . c : . .
which comprises the A(i‘\?yldmp)é iQUHEtera] cBripFRfdy Bk Fathidhe which com

product of a reaction mixture which comprises at least
one epoxy resin, at least one amine-terminated pobf-
(alkylene oxide), and at least one polyfunctional ali-
phatic amine. _

2. The hydrophilic material of claim 1 wherein the
epoxy resin has an average of at least 1.7 epoxy groups
per resin molecule. )

3. The hydrophilic material of claim 1 wherein the
epoxy resin has an average of between about 1.7 and
about 4.0 epoxy groups per resin molecule.

4. The hydrophilic material of claim 1 wherein the
epoxy resin comprises a polyglycidy! ester of a polycar-
boxylic acid. _ :

5. The hydrophilic material of claim 1 wherein the
epoxy resin comprises a glycidyl ether resin.

6. The hydrophilic material of claim 1 wherein the
epoxy resin comprises an alkanediol glycidyl ether hav-
ing the formula:

O

T)-—caz-(O—X),,—o-?cuz—Q

wherein X is selected from the group consisting of al-
kylene and alkylidene groups containing from 1 to
about 10 carbon atoms, and n has a value of from 1 to
about 25.

7. The hydrophilic material of claim 1 wherein the
epoxy resin is selected from the group consisting of di-
and polyglycidyl ethers of bisphenols, the bisphenols
having the formula:

* c L M H *



prises at |east one _epoxy resin, at |east one am ne-ter- m nated

pol FT RGUO &) .| and at | east one pol yfunc- tional aliphatic am ne.
29. ﬁ@%‘#ﬁﬁ‘m{ Slbl i conprising a hydrophilic foam which conprises the
reaft) on product 03 reaction m xture which conprises at |east one epoxy

res{ nj &9 DEGIPIbNnd 4qni ne-terni nated palpy(al kyl ene oxide), and at |east one
pol yf unctional alipghatic am ne. 30. A nethod for preparing hydrophilic

mat grmars conpri si ng g he steps of: provi ding at | east one epoxy resin;
forfing a reaction.ikture by contacting the epoxy resin wwth at | east
one amine-term nated poly(alky- . | ene oxide) and at |east one

pol yfunctional aliphatic angprey, and I ng the reaction m xture.
LA

wherein R is a bivalent radical comprising from 1 to
about 8 atoms selected from the group consisting of C,
0O, §, or N.

8. The hydrophilic material of claim 7 wherein R is
selected from the group consisting of alkylene and al-
kylidene radicals containing from 1 to about 8 carbon
atoms.

9. The hydrophilic material of claim 1 wherein the
epoxy resin comprises isopropylidene bisphenol.

10. The hydrophilic material of claim 1 wherein the
amine-terminated poly(alkylene oxide) is selected from
the group consisting of amine-terminated poly(propy-
lene oxide), amine- terminated poly(ethylene oxide),
amine-terminated copolymers of ethylene oxide and
propylene oxide, and mixtures thereof.

11. The hydrophilic material of claim 10 wherein the
ratio of ethylene oxide groups to propylene oxide
groups in the amine-terminated poly(alkylene oxide) is
between about 1 and about 15.

12. The hydrophilic material of claim 10 wherein the
ratio of ethylene oxide groups to propylene oxide
groups in the amine-terminated poly(alkylene oxide) is
between about 3 and about 10.

13. The hydrophilic material of claim 1 wherein the
reaction mixture compnses from about 1 to about 3
epoXy groups per amine group.

14. The hydrophilic material of claim 1 wherein the
reaction mixture comprises from about 1. 5 to about 2.0
€pOXy Zroups per amine group.

15. The hydrophilic material of claim 1 wherein the

. amine-terminated poly(alkylene oxide) comprises a
compound having the formula:

CH; CHj3 CHj
HaN=CH=-CH;=(0~CH—CHj)s—~(0—CH;~CH;)y~(0—CH,—CH),~NH:

wherein b has a value of from about 8 to about 50 and

the sum of a and ¢ has a value of from about 1 to about
s. '

Ll
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g;cpﬁ\cmtﬂﬁﬁﬁﬂ hr epari ng hydrophilic materials conprising the steps of:
one epoxy resin; form ng a prepol ymer by contacting

esin with at | east one am ne-term nated pol y(al ky-

I mng a reaction mxture by contacting the pre-
ast one amne-termn nafsed poly- (al kyl ene oxi de) and
t | east one pol yfluncti onal al i phatic am ne; curing the reaction
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16. The hydrophilic material of claim 1 wherein the
amine-terminated poly(alkylene oxide) comprises a
compound having the formula:

CHy—{0~~CH;~CH(CH;3)j,—NH3
CH;—CH;-({.-CH:—-{O—CH;—CH(CH;)L-—NH;
CHz—[O"CHz—'CH(CHﬂ] ~—NH3

wherein the sum of x and y and z is between about 5 and
about 10.

17. The hydrophilic material of claim 1 wherein the
polyfunctional aliphatic amine compnses a compound
selected from the group consisting of ethylene diamine,
butylene diamine, hexamethylene diamine, 2-methyl
pentamethylene diamine, diethylene triamine, and
dihexamethylene triamine,

18. The hydrophilic material of claim I wherein the
polyfunctional aliphatic amine comprises a compound
having the formula:

H3N—(CH2)—NH;

wherein x has a value of from | to about 15.
19. The hydrophilic material of claim 1 wherein the

polyfunctional aliphatic amine comprises a compound
having the formula:

HN—(CH3)y—NH-—(CH1)~NH:

wherein x and y are independently selected to be the
same or different and have a value of from 1 to about 15.
20. The hydrophilic material of claim 1 wherein the

polyfunctional aliphatic amine comprises a compound
having the formula:

HaN—(CHa ) —[NH~(CHa)1}—[NH—(CH2) ],
~—{CH2)~NH;

wherein w, X, y and z are independently selected to be
the same or different and have a value of from 2 to
about 15, and n and i are independently selected to be

the same or different and have a value of from zero to
about 6.

gy
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21. The hydrophilic materiai of claim 1 wherem the
reaction mixture comprises from about 1% to about
12% polyfunctional aliphatic amine by weight.

22. The hydrophilic material of claim 1 wherein the
reaction mixture comprises from about 3% to about 8%
polyfunctional aliphatic amine by weight.

23. The hydrophilic material of claim 1 wherein the
reaction mixture further comprises a blowing agent.

24. The hydrophilic material of claim 23 wherein the
blowing agent is sodium borohydride.

25. The hydrophilic material of claim 1 wherein the
reaction mixture further comprises a surfactant.

26. The hydrophilic material of claim 1 wherein the
material is in the form of a foam.

27. The hydrophilic material of claim 1 wherein the
material is in the form of a film.

28. A product which is useful in absorbing bodily
fluids, comprising a hydrophilic foam which comprises

‘the reaction product of a reaction mixture which com-

prises at least one epoxy resin, at least one amine-ter-
minated poly(alkylcne oxide), and at least one polyfunc-
tional aliphatic amine.

29. A samtary napkin comprising a hydrophdxc foam
which comprises the reaction product of a reaction
mixture which comprises at least one epoxy resin, at
least one amine-terminated poly(alkylene oxide), and at
least one polyfunctional aliphatic amine.

30. A method for preparing hydrophilic materials
comprising the steps oft

providing at least one epoxy resin;

forming a reaction mixture by contacting the epoxy

resin with at least one amine-terminated poly(alky-
lene oxide) and at least one polyfunctional aliphatic
amine; and

curing the reaction mixture.

31. A method for preparing hydrophilic materials
comprising the steps of:

providing at least one epoxy resin;

forming a prepolymer by contacting excess epoxy

resin with at least one amine-terminated poly(alky-
lene oxide); _

forming a reaction mixture by contacting the pre-

polymer with at least one amine-terminated poly-
(alkylene oxide) and at least one polyfunctional
aliphatic. amine;

curing the reaction mixture.

/llllll/li/ll/lllll //l/l/lllll

met hod for preparing hydrophilic foam com
provi ding at | east one epoxy resin;

at

phati c am ne, and a bl owi ng agent;

'by contacting excess epoxy resin with at
nat ed pol y(al ky- | ene oxi de); :
ture by contactingi4 he pre- pol ymer with at

| east one
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32. A method for preparing hydrophilic foam com-
prising the steps of: '

providing at least one epoxy resin;

forming a prepolymer by contacting excess epoxy
resin with at least one amine-terminated poly(alky-
lene oxide);

forming a foaming mixture by contacting the pre-
polymer with at least one amine-terminated poly-
(alkylene oxide), at least one polyfunctional ali-
phatic amine, and a blowing agent;

curing the foaming mixture.
L .« 3 &
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HYDROPHILIC MATERIALS USEFUL IN PREPARING
FLUID-ABSORBENT PRODUCTS

ABSTRACT

Improved hydrophilic materials, such as foams and
films, are provided. These material find use in a wide
variety of fluid absorbent products, especially those
relating to the absorption of bodily fluids. The soft,
absorbent, and resilient foams of this invention exhibit
greater wet and dry mechanical strength when com-
pared with those known in the art, as well as improved
flhiid wicking capacity and lower density. These im-
proved properties are believed attributable to the incor-
poration into the foams of at least one polyfunctional
aliphatic amine.

The provided hydrophilic materials comprise the poly-
meric reaction product of a mixture which comprises at
least one epoxy resin, at least one amine-terminated
poly(alkylene oxide), and at least one polyfunctional
aliphatic amine. Methods for preparing foams and other
hydrophilic materials are also provided. In general,
hydrophilic materials are prepared by providing at least
one epoxy resin, forming a reaction mixture by contact-
ing the epoxy resin with at least one amine-terminated
poly(alkylene oxide) and at least one polyfunctional
aliphatic amine, and curing the reaction mixture. -



