ABSO?B;ENT MATERI ALS HAVI NG MODI FI ED SURFACE CHARACTERI STI CS AND

MEFTHODS FOR MAKI NG THE SAME FI ELD OF THE
| NVENTI ON The present invention relates to absorbent naterials
whi ch, upon contacting liquids such as water or body exudates, swell

and i nbi be sucHWO922355qui ds. Mbre specifically, the present | EGENFIER060
relates to absorbent nmaterials 10 having nmedtlified surface characteristics.
Such absorbent materials have i nproved absorption characteristics with
| i quids. The present invention has :

ABSORBENT MATERIALS HAVING MODIFIED SURFACE
CHARACTERISTICS AND METHODS FOR MAKING THE SAME

FIELD OF THE INVENTION
The present invention relates to absorbent materials which, upon’

contacting liquid's such as water or body exudates, swell and imbibe such
“liquids. More specifically, the present invention relates to absorbent materials

1w having modified surface characteristics. Such absorbent materials have
improved absorption characteristics with liquids. The present jnvention has
particular applicability to absorbent articles such as diapers, adult incontinence
pads, sanitary napkins, and the like. The invention also relates to processes for

producing such materials and to absorbent articies containing such materials.

BACKGROUND OF THE INVENTION

Water-insoluble, water-swellable, hydrogel-forming absorbent polymers
are capable of absorbing large quantities of liquids such as water, blood, body
exudates (e.g., urine, menstrual fluid), industrial fluids and household fluids and

x  are further capable of retaining such absorbed liquids under moderate
pressures. The absorption characteristics of such polymer materials make them
especially useful for incorporation into absorbent articles such as diapers,
sanitary na_pkins, tampons, and the like.-

In general, conventional absorbent polymer materials have good or

»  required absorption characteristics to water and urine; however, there still
‘remains poor distribution and dispersion with certain liquids. In particular, they
have poor absorption characteristics for certain liquids, specifically for blood or
menstrual fluid. More specifically, upon contacting blood or menstrual fluid,
absorbent polymer materials do not show enough absorption characteristics,

% especially the rate of blood absorption due to their poor distribution and
dispersion of blood.

Such poor distribution and dispersion of blood is mainly caused by poor
wettability with blood. In general, ability of the distribution and dispersion of
blood can be evaluated by measuring the contact angle of blood on the surface

35 of absorbent polymer material. Since contact angles of conventional absorbent
polymer materials are in the range of from about 30 degree to about 90 degree
or more, desired wettability with blood cannot be obtained whereby the poor
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parti ctil ar applicability to absorbent articles such as diapers, adult

i ngonti nence pads, sanitary napkins, and the like. The invention also
rel'ates to processes for pr oduci ng such materials and to absorbent
articles containing such materials. 15 BACKGROUND OF
THE | NVENTI ON  wo 95/22355 Wat er -i nsol ubl e, water-swell able,’ °~ PCts9s01060
hydr ogel - f or m ng absor bent pol yners ar.g _capabl e of absorbing |arge
guantities of |iquids such as water, blood, body exudates (e.g.,

urine, menstrual fluid), industrial fluids and household fluids and 20 are
further capable of retaining such absorbed |iquids under noderate
pressures. The absaligtibusion cimer dispeesians bf bbodfarslmhsepahynherabmqmmhanfrake

t hem especi al | yaebhfid uI for i ncorporat ion into absorbent articles such
as di apers, sani ta ki ns o] and .th
general , conventi onal 'g € sHél ghsprpfign ﬁ%@“%ﬂff ig disglosed i 'ng red

absorption charact eUlSsPanest 4, wo;\mBG(Roslay:leM)nesuedﬁmW 201 m980 veherein the
remai ns poor d' 5} r 'x?é{{akm\\}/ @1&6’%196& shﬁ adeRfehthient bfﬁﬂiédﬁne dbSorbent

particul ar, t|o

ract stjc r certain
|'i qui ds, speC| f i calﬂ%}Y’?‘iﬁrmB‘leﬂﬂﬂ ‘{ﬂ“g P°Y°'ﬁ'ﬁ§?1$t rhfﬁ? ‘g’?"lﬂsﬁ# Q%fﬂ'g eng ROIYMErc o) |y,
upon contacting bl aasteduls camisd ¢ffsafivelyl wettkd with bloathsloweeert, tigodistributioneandr i al s

do not show enough &}sb%&ﬁ@h (2 68 ) Sl Hidn the Mory EARRKIRL el f e Of

bl ood absorption due

ers on
bl ood. dﬁp@m magser P theiro high rfesisiancs e s iy a‘%&b
mai nl y caused Dby pOgulymer materidls aiid to fapk of ichipiltirp @€l liqhid tgaspora chanadls,| antiy of

the distribution aqqsu%a&‘? rsﬁécm Qirface area of the polymer materials. Therefore, the
absorption characteristics with blood is not satisfactory and there remains a
need to improve further the distribution and dispersion of blood through and
among absorbent polymer materials.
15 In addition, since the polyether are just coated or physically bonded on
the surface of absorbent polymer materials, such polyether can be washed away
" from the absorbent polymer materials by succeeding application of liquids.
| Consequently, there remains a need for further improvements in such
absorbent materials.
2 Therefore, one object of the present invention is to provide an
absorbent material which has improved absorption characteristics with liquids.
Another object of the present invention is to improve distribution and
dispersion of liquids in an absorbent material.
Yet another object of the present invention is to improve the rate of
25 absorption of an absorbent material, especially for blood.
Stillsanother object of the present invention is to provide an absorbent
material which is not affected by succeeding application of liquids.
Yet another object of the present invention is to provide a method for
making such absorbent materials.
30 Still another object of the present invention is to provide absorbent
disposable articles, such as diapers, sanitary napkins, tampons, and the like,
which have improved absorption characteristics with body exudates.,

SUMMARY OF THE INVENTION
3 Briefly stated, the present invention relates to absorbent materials
having modified surface characteristics. In an aspect, an absorbent material
comprises a  water-insoluble, water-swellable polymer; and a reactive
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bl ood can be eval uated by measuring the contact angle of blood on the
surface 35 of absorbent polyner material. Since contact angles of

conventi onal absorbent ~ polyner nmaterials are in the range of from
about 30 degree to about 90 degree or nore, desired wettabili ts% W th
bl ood cannot bewalssassed wher eby the poor PCT/US95/01060
-2 - di stribution and di spersion of blLgod are caused in the absorbent
pol yrer mat eri al s. One attenpt to inprove such absorption
characteristics is disclosed in U.S. Patent 4,190,563 (Rosley et al.),

| ssued February 20, 1980, wherein the 5 wettabi I|t

with blood is inproved

by surface treat menthyéophibe tcomppunde chemieallyebanded tOpQTeymerﬂ'ﬁP@Heal‘gmﬁm ng

pol yet hers.

The @iveNdblssslyridts WhBreint the WoMiaB angle of blood on a surface of the

33

absorbent material is from about 0 degree to about 40 degree.

In another aspect of the invention, an absorbent material comprises a
water-insoluble, water-swellable polymer, a positive-charge supplying
compound bonded to the water-insoluble, water-swellable polymer; and a non-
ionic hydrophilic compound bonded to the water-insoluble, water-swellable
polymer. | _

The present invention_ﬁxrthér relates to an absorbent article. The
absorbent article comprises (a) a liquid pervious topsheet; (b) a liquid
impervious backsheet; and (c) an absorbent core positioned hetween the
topsheet and the backsheet.  The absorbent core comprises at least one
absorbent material of the present invention.

The present invention further relates to methods for making absorbent
materials having modified surface characteristics. In yet another aspect of the
invention, the method of producing the absorbent material comprises the steps
of (A) applying an amount of a reactive hydrophilic compound onto a water-
insoluble, water-swellable polymer; and (B) reacting the reactive hydrophilic
compound with the water-insoluble, water-swellable polymer to provide a
contact angle of blood on a surface of the absorbent material from about 0
degree to about 40 degree.

In a further aspect of the invention, an absorbent material is produced
by (a) applying an amount of a reactive polyether which is reactive with a

-water-insoluble, water-swellable polymer onto the water-insoluble, water-

swellable polymer; and (b) reacting the reactive polyether with the water-
insoluble,® water-swellable polymer; thereby forming the absorbent material
comprising the water-insoluble, water-swellable polymer having the reactive

polyether chemically bonded thereto. .

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a scanning electronic micrograph (magnification 250X) of a
section of an absorbent material of one embodiment of the present invention.

FIG. 2 is an enlarged portion (magnification 1000X) of the absorbent
material shown in FIG. 1. |

FIG. 3 is a scanning electronic micrograph (magnification 250X) of 2
section of an absorbent material of another embodiment of the present
invention.
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matertals can be effectively wetted with bl ood; however, the distribution
and di spersion of the blood into and anong the absorbent pol yner
materials is not fully-inproved because of their high resistance to
liquid flowwithin the 10 polyner nmaterials due to |ack of capillary or
liquid transpgidespsagnel s, and insufficient specific sur PETmses02es00f
the polynmer materi als. Therefore, the _4absorption characteristics with
bl ood is not satisfactory and there renmains a need to i nprove further
the distribution and di spersion of blood through and anong absor bent
pol ymer materials. 15 In addition, since the polyether are just
coated or physically bdi@ed ioan enlarged @osion f(aagnifidatioty S00XE of theodbsorbent
materials, such p ﬁg,t,ﬁg;wg\quf@ pashed away fromthe absorbent pol yner
materials by succeeding a I cation of |iquids. Consequent |y,
there remains a need for further | nprovenents in such absor bent
materials. 20 DETALBEDESCRIRTIONCOF ABSORBENEMAFERIALSIOF/EHEI on is to
provi de an , absorbent materi al Whl vgﬁﬁ-l?ﬁproved absor ption
characteristics with Ii not her _obj ect of the present
invention is to inpr ove‘ﬂHP@F'Pt rpateriali ofzthe) present igNeation %‘Pdﬁp@ﬂe of sod®ei n an -
absor bent mat eri allarge quantities of liquidstsuchngstvrtér, blopd,Ciod9 fexiidates|(e.5 cuineigivent i on

is to inprove the paleafadd, Imﬁﬂéph?lﬁy afd hﬁﬂseﬁ@lg%tﬁf‘sna?ﬁ%eaﬁ&e of

especially for bl ood. er o sent
invention is to prigtNAg svehyligudsamder m°d°’ﬁ¥9t eresare.whiTypically, 1B PFYUSCt ed by

succeedi ng appld cadbserberfmdtérialsi 6fSthe present invention Wil sveliogénerallp ioerepically t he
present invention |g aB%rl?{:a% 'lydt%eﬁqun@t hod for .

Absorbent materials of the present invention comprise a water-

insoluble, water-swellable polymer capable of absorbing large quantities of
liquids. (Such absorBent polymer is commonly referred to as a hydrogel,
15 hydrocolloid, superabsorbent polymer.) The absorbent materials preferably
comprise substantially water-insoluble, water-swellable absorbent polymers.
The specific absorbent polymers for use in the present invention will be
described in detail hereinafter.
Absorbent materials of the present invention further comprise a
»  hydrophilic compound having a function for modifying surface characteristics
of the absorbent materials. A variety of hydrophilic compounds that have such
surface modifying functions will be described hereinafter in detail. The term -
"surface characteristic" herein used means that a physical characteristic at a
surface of a material when contacting with liquids. For example, the wettability
s  of liquids and the contact angle of liquids on a surface of the absorbent material
are includéd in such surface characteristics. The term "modify" herein used
means that to change the characteristics, or to increase or decrease the degree
of the characteristics.
An absorbent material of one aspect of the present invention comprises
%  a reactive hydrophilic compound chemically bonded to the absorbent polymer,
wherein the contact angle of blood on a surface of the absorbent material is
from about O degree to about 40 degree.
It should be noted that in this aspect of the invention the porous
absorbent material can be used to absorb a variety of liquids, non-limiting
s examples of which include water, blood, body exudates, industrial fluids
and household fluids. To describe the characteristic of the improved
porous absorbent material, blood has been selected as a representative
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‘maki ng such absorbent materials. 30 Still another object of the

present invention is to provide absorbent di sposabl e articles, such as
di apers, sanitary napkins, tanmpons, and the |ike, whi ch have i nproved
absorption characteristics with body exudates.

SUMMARY OF THEWAGMEERSES ON 35 Briefly stated, the presEfFUSHPEN?i on
rel ates to absorbent naterials having +fodi fi ed surface
characteristics. -In an aspect, an absorbent materi al conprises a

wat er -i nsol ubl e, water-swellable polyner; and a reactive

wgt er- hydr oph| l dC mgtgné‘l naqn p%pgurp sorééﬁt ngtrég qn %é’cotrJ}nce wntﬂhxs' a@;sigcltUb e,

of the invention will exhibit the specified characteristics with blood as the
absorbed fluid medium.

As used herein, the term "reactive” means a hydrophilic compound

s which can react with the absorbent polymer under the process condition of the
present invention. In other words, such hydrophilic compound comprises at
least one reactive functional group that can, under the process condition, form
a covalent bond with the absorbent polymer, or effective number of cationic
groups for the ionic bond to the absorbent polymer through the electrostatic

1w  interaction.

The wettability with liquids such as urine and blood can be defined in
terms of contact angles and the surface tension of the liquids and solids
involved. This is discussed in detail in-the American Chemical Society
Publication entitled ,"Contact Angle, Wettability, and Adhesion" edited by

15 Robert F. Gould and copyrighted in 1964, which is incorporated by reference.

The term “"blood" used herein should be understood in general. A
typical example of content of "normal blood" is disclosed in a paper written by
H. Nagorski et al. and entitled "SUPERABSORBENT POLYMERS IN

_ FEMININE HYGIENE APPLICATIONS" in the American publication named .
» "THE NEW NOWOVENS WORLD" (pp. 101-106; Fall, 1992), which is
incorporated herein by reference. |

In more preferred embodiments, the reactive hydrophilic compound has
‘at least one reactive functional group capable of forming a chemical bond
between the hydrophilic compound and the water-insoluble, water-swellable

s absorbent polymer. The reactive hydrophilic compound can be chemically
bonded tqgthe-absorbent polymer in the absorbent material. Any type of
chemical bonds including covalent bonds and ionic bonds can be formed
between the reactive hydrophilic compound and the absorbent polymer.

Such chemical bonds must be strong enough to prevent the reactive

3  hydrophilic compound on the surface of the absorbent material from being
washed away by succeeding application of liquids (e.g., solvent, urine,
menstrual fluid, etc.). In a preferred embodiment, a covalent bond or an ionic
bond can be formed as one of such chemical bonds. For example, the covalent
bond generally arises as a result of the formation of ester, amide (imide), or

s urethane bonds by reaction of the functional group of the hydrophilic
compound with a carboxyl group of the absorbent polymer.
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swel | abl e pol ynmer; wherein the contact angle of blood on a surface of the
absgrbent material is fromabout O degree to about 40 degree. I n
anot her aspect of the invention, an absorbent material conprises a 5

wat er - i nsol ubl e, 'mater-smellable polymer; a positive-char

conpound bondedwoesiz2igs wat er -i nsol ubl e, water-swel | abl e pol 8@”%‘3%3 non-
Il oni ¢ hydrophilic conmpound bonded to the watéf-insol uble, water-swellable
pol ymer. The present invention further relates to an absorbent
article. The 10 absorbent article conprises (a) a I-iquid pervious

topsheet; (b) aliquid rvio eet: and (c absorbent core
posi ti oned between the In so ;?SHLF eu*g‘ﬁ‘ffﬂf% B‘%\eé'fésﬁé%atcgr ga‘?’ﬁgp%ﬁﬁ%'g?’ﬁtgﬁf" core
conprises at |east ¢hesydrophiibsompremt andithe abskbent palymerptacfosne chemiesl bpah

The present inventi @gwfekd Eh'é%dr’bﬁﬁxﬂé é‘o'in nmmgibdtoﬂfen{fﬁh a’bﬁ&fpﬁ@dﬁn 15
material s having nodi fi\ S g&l alﬁact eristics t}h hels ct of
t he i nventi on, ?FE‘PHB&“ AT GRS PGS A a‘ﬁgw%gﬁfm“r‘ﬁge‘}“f Pt Ror i ses
t he steps of s( A))omppl' yonmection heroveert ttef hydrophilct congpoundi rap Ithe iabsochanpound

onto a water- [ %QJ_,HpI e wat er - swel | abl e polymer; and (B) reacting the

reactive hydrophilic ound W|ththe wat er ol ubl e, water-swell.able
pol yner to provide a 20 E’bn‘f‘ et PRI smbpdimsets o H* ‘?‘EUP‘F&‘E‘& Brenten, ‘the
absorbent naterial fhydroplilxoeimpdund candbe gitiee atpositiveciargeGupying eompound or a

In a further aspect ,gf idnftony Fb?ﬁﬂk b&ﬂ?olﬁ’xﬂh t@é%@:t Vﬁﬁ&ﬁﬁb@ﬁm&ﬁmﬂr geslipced
by (a) applying an anount react ?\ Is reactive with a
A preferred non-ionic hydrophilic compound comprises a reactive

polyether having at least one reactive functional group capable of forming a
chemical bond onto the surface of the absorbent polymer through a covalent
bond or an ionic bond.

In preferred embodiments, the reactive polyether capable of forming a

15 covalent bond to the absorbent polymer will have at least one reactive
functional group as the terminal group, which has the repeat units of
oxyethylene or oxypropylene, and/or a mixture thereof. The functional group
of the reactive polyether can be any chemical group reactive with the absorbent
polymer, such as a halogen group, a carboxyl group, an amino group, or an

20  epoxy group.

The preferred reactive polyethers are described in greater detail
hereinafter. The backbone of the reactive polyether can be expressed by the
following formula:

X(C2H40)a(C3Hg0)b(C2H40)cY

2 where at least one of X and Y is a reactive functional group capable of bonding
to the absogbent polymer, i.e. a halogen group, a carboxyl group, an epoxy
group and so on, and where a+c represents the total number of oxyethylene
units and b the number of oxypropylene units, and where a+c or b can be zero.
X and Y can be either the same functional group or different functional groups.

3 The molecular weight of the reactive polyethers can typically be from
200 to 20,000. ‘

- The reactive polyether can be a polyoxyethylene polymer having at least
one reactive functional group, i.e. a polyethylene glycol terminating with a
functional group, in which case b in the above formula is zero. Reactive

35 polyethylene glycol derivatives are water-soluble.  Preferred reactive
polyethylene glycol derivatives are those having a molecular weight of from
200 to 3,000.
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wat ers-i nsol ubl e, water-swel |l able polyner onto the water-insoluble, water-
25 swel | abl e pol yner, and (b) reacting the reactive polyether with the

wat er - i nsol ubl e, water-swellable polynmer, thereby formng the
conprising the water-insol uble, water-swellable

absorbent materi al

pol ymer havi ngyd 3pssgacti ve -

BRI EF DESCRI PTI ON OF THE DRAW NGS .7- FIG 1 is a scanning
el ectroni c m crograph (nmagnification 250X) of a section of an

absor bent nateri al

mat eri al shown in

of one enbodi nent of the present invention.

FIG 2 is an enlarged portion (maPnification 1000X) of the absorbent
y

FI G The rgaptive polyetherrgap, be3a jplygxypropylene fOYMer having

pol yet her cheni cal |y bonded PEREFE{E3%60

30

mi crograph (magni fjegst orieNredBie¥) fudbtichal groups el ia0meaofiveapolypropylereniglycelt er i al
of e}not her embodi @Ernl%ina(\)tfngturr}ﬁ\ Y Fu%gt?orﬁtal group, in WHRRThR ¢ in the above formula is
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15

35

zero. Reactive polypropylene glycol derivatives are generally not soluble in
water. Preferred reactive polypropylene glycol derivatives are those having a
molecular weight of from 400 to 4,000.

The reactive polyether can also be a water-soluble or a water-insoluble
polyoxyethylene-polyoxypropylene block copolymer. By a water-soluble
reactive polyether is meant one which is soluble to the extent of more than 1%
in water at 25°C, i.e. a solubility of greater than 1 gram in 100 grams of water.
In water-soluble polyoxyethylene-polyoxypropylene copolymers the weight of
the oxyethylene units exceeds about 15% by weight of the total compound.
Preferred polyoxyethylene-polyoxypropylene copolymers are those which are
liquid at room temperature. Preferred water-soluble copolymers are those
having a molecular weight of from 1,000 to 4,000.

In more preferred embodiments, the reactive polyether is selected from
the group consisting of a reactive polyethylene glycol (PEG), a reactive
polypropyléﬁe glycol, and a reactive poly(oxyethylene-oxypropylene)
copolymer.

In alternative and preferred embodiments, a positive-charge supplying

compound can be used as the reactive hydrophilic compound chemically

bonded to the absorbent polymer. The positive-charge supplying compound
can supply the absorbent polymer with a positive-charge thereby forming an
jonic bond between the absorbent polymer and the positive-charge supplying
compound., _ ,

In further alternative and more preferred embodiments, a polycation can
be used as the positive-charge supplying compound chemically bonded to the
absorbent polymer. The polycation is a polymer having more than one
positively-charged group capable of forming an ionic bond to the absorbent
polymer. In preferred embodiments, the polycation preferably used is selected
from the group consisting of (1) polymers having primary amine groups (e.g.
polyvinylamine, polyallyl amine); (2) polymers having secondary amine groups
(e.g. polyethyleneimine); (3) polymers having tertiary amine groups (e.g. poly
N, N-dimethyialkyl amine); and (4) polymers having quaternary amine groups
(e.g. polydiallyl dimethyl ammonium chloride).
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- 4- ) FIG 4 is an enlarged portion (magnification 500X) of the
absor bent material shown in FIG 3. DETAI LED DESCRI PTI ON OF
ABSORBENT MATERI ALS OF THE 5 | NVENTI ON
Absorbent materials of the present invention are capable of absorbin 60

| arge quantiti eswm$s/28s83ui ds such as water, blood, body exudat el ’3.595&.",’
urine or menstrual fluid), industrial flu-ds and household fl uids and
are capabl e of retaining such |iquids under noderate pressure.
Typically, the porous 10 absorbent materials of the present invention wll

swel | generally isotropicgll nd absorb rapjdly the |iquids..
Absor bent materials of t h@lﬁgﬁ@@ﬁﬁgipﬁb’&ﬁw AT ¥¥n3rd \é‘ély%{“%lh ng primary or
i nsol ubl e, wat er - swebdcairagy poénengroupssadhl es af palyaiglainineg polywvigyl euimet ot ises of

| iquids. (Such absor haginiRky | referred to as a hydrogel, 15
hydr ocol | oi d, superagsgir Bentm%%{afr%eﬁ?%&m

conprise substantially walfe rfufthes o mase ergSgﬁeglr)ig\i?g ig‘gﬁggtag[)le@)l'%@&{ eb%i["}%r%?/s.
The speci fic absosbeokyefyleeraeseal anitsuse okypropyiene regean unitsnvamnbé asediad fthebe
described in detail Bgsritﬁjefkﬁgxlggrsupplying compound. For exampie, an ethoxylated or a
propoxylated product of an amino compound that has oxyethylene units,
oxypropylene units or both units thereof can also be used as the polycation to
form ionic bonds to the absorbent polymer. The oxyethylene or oxypropylene

» units of such polycation can have the same formula as described above.
Amino compounds useful in the present invention will be described in detail
hereinafter.

_ Most preferred polycation for use is a cationic amino-epichlorohydrin
adduct which is ther reaction product between epichlorchydrin and a amino

15 compound such as a monomeric or polymeric amine so that the resulting
reaction product has at least two cationic functional groups. These adducts
can be in the form of monomeric compounds (e.g., the reaction product of
epichlorohydrin and ethylene diamine), or can be in polymeric form (e.g., the
reaction product between epichlorohydrin, and polyamide-polyamines or

»  polyethyleneimines). The polymeric versions of these cationic amino-
epichlorohydrin adducts are typically referred to as "resins."

One type of amino compounds which can be used for making the
ethoxylated or propoxylated product, and can be reacted with epichlorohydrin
to form adducts useful in the present invention comprises monomeric di-, tri-

» and higher amines having primary or secondary amino groups in their
structures. s Examples of useful diamines of this type include bis-2-aminoethyl
ether, N,N-dimethylethylenediamine, piperazine, and ethylenediamine.
Examples of useful triamines of this type include N-aminoethyl piperazine, and
dialkylene triamines such as diethylenetriamine, and dipropylenetriamine.

% Such amine materials are reacted with epichlorohydrin to form the
cationic. amino-epichlorohydrin adducts useful as reactive hydrophilic
compound herein. Preparation of these adducts, as well as a more complete
description of the adducts themselves, can be found in U.S. Patent 4,310,593
(Gross), issued January 12, 1982, and in Ross et al, J. Organic Chemistry, Vol.

s 29, pp. 824-826 (1964). Both of these documents are incorporated by
reference.
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Absorbent materials of the present invention further conprise a 20
hydr ophi I i ¢ conpound having a function for nodifying surface

characteristics of the absorbent materials. A variety of hydrophilic
conpounds that have such surface nodifying functions will be described
herei nafter inyipispatss The term "surface characteristic" PREMEIY8ed

means that a physical characteristic at a -.9. surface of a material when
contacting with liquids. For exanple, the wettability 25 of |iquids and
the contact angle of liquids on a surface of the absorbent nateri al

are included in such surface characteristics. The term "nodi fy" herein used
means that to change t helncladdition et gpenomeripr amines., PPYHSHS oAMPEL I 58 035 he

degree of the pghigétRfiéminifdsi caf also be used as the affiincborpduadt Arpareitulady of

one aspect of the present invention C rises 30 I ' I I]ic
conpound cheni cal | y.di?&{ﬁ‘ﬂ%aml‘}S ?W@O%rgs‘obqﬁk%"ebﬁgfv&%dfwnﬁaﬁéﬂlﬁh«a’r el G ﬂjé‘{
contact angle of bl preferisd eatioue f prlymenic adducta Fesis besaful thereirt jcamprise certain ¢ rom
about 0 degree tgQ apelyimidelp6ioamiags derived from polyalkylénepdfumtheb endwatuesled 03¢ i n

to aboorb a vari oty Cab arpepale S, B Hers B e ho RS Mpe P lE, | 520
wat er, bl ood, body inddse water-saluhies thermpseftingjcationic polymers whishsshwell kaown ds.
To describe the chagpgt e asivkCsthgth R&ink W pay&@ Products. POr ous absor bent
-r;-ﬁ;[ gr : gl t hl;l ?g& gngrgﬁte ng\rs]tglgfenl'cetpgratignsofa po'iyeaR\Edee§peorl¥r[a%tix{e¥\exsed to form this preferred
10 class of cationic polymeric resins, a dicarboxylic acid is first reacted with a
polyalkylene-polyamine, preferably in aqueous solution, under conditions such
as to produce a water-soluble, long chain polyamide containing the recurring
grodps -NH(CpH2nHN)x-CORCO- where n and x are each 2 or more and R is
the C1 to C8 alkylene group of the dicarboxylic acid.
15 A variety of polyalkylene polyamines including polyethylene polyamines
(e.g. polyethyleneimine or polyvinylamine), polypropylene polyamines (e.g.
polyallylamine), polybutylene polyamines and so on can be employed to
prepare the polyamide-polyamine, of which the polyethylene polyamines
represent an economically preferred class. More specifically, preferred
»n  polyalkylene polyamines used to prepare the cationic polymeric resins herein
are polyamines containing two primary amine groups and at least one
secondary amine group in which the nitrogen atoms are linked together by
groups of the formula -CnH2p- where n is a small integer greater than unity
and the number of such groups in the molecule ranges from two up to about
2. eight and preferably up to about four. The nitrogen atoms can be attached to
adjacent carbon atoms in the group -CpH2p- or to carbon atoms further apart,
but not to the same carbon atom. Also contemplated is the use of such
polyamines as diethylenetriamine, triethylene tetramine,
tetraethylenepentamine, dipropylenetriamine, and the like, which can be
» obtained in reasonably -pure form. Of all the foregoing, the most preferred are
the polyethylene polyamines containing from two to four ethylene groups, two
primary amine groups, and from one to three secondary amine groups.
In preferred embodiments, the polycation is selected from the group
consisting of (1) ethoxylated monomeric amine; (2) ethoxylated polyamine; and
1 (3) ethoxylated polyimine. For example, the ethoxylated monomeric amine is
tetraethylene pentamine ethoxylated with 15 moles (average) of ethylene oxide
at each hydrogen site on each nitrogen (TEPA-E]5); the ethoxylated
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- 5- ¢ liquid material; an porous absorbent material in accordance with.

t hi,s aspect of the invention will exhibit the specified characteristics
wi th bl ood as the absorbed fluid nedium As used herein, the
term "reactive" nmeans a hydrophilic compound 5 which can react with the
absor bent pol yw”ﬂzgﬁr the process condition of the pr esBEYUSIPLR | on. _
I n other words, suc ydrophil'ic conpound cggprises at | east one
reactive functional group that can, under the process condition, form a

coval ent bond with the absorbent polyner, or effective nunber of cationic
groups for the ionic bond to the absorbent pol yner through the
el ectrostatic 10 i npalyasmiteé Srpolyallylamine ethoxylated with 15 moles (average) of ethylene

oxide at hydrogen sites on nitrogen atoms; the ethoxylated polyimine is
polyethyleneimine ethoxylated with 15 moles (average) of ethylene oxide at
hydrogen sites on nitrogen atoms.

s Also contemplated for use herein are polyamine precursor materials
containing at least three amino groups- with at least one of these groups being a
tertiary amino group. Suitable polyamines of this type include methyl bis(3-

aminopropyl)amine, methyl bis(2-aminoethyl)amine, N-(2-
aminoethyl)piperazine, 4,7-dimethyltriethylenetetramine and the like.
0 The dicarboxylic acids which can be reacted with the foregoing

polyamines to form the polyamide-polyamine precursors of the preferred
cationic polymeric resins useful herein comprise the saturated aliphatic C3-C10
dicarboxylic acids. More preferred are those containing from 3 to 8 carbon
atoms, such as malonic, succinic, glutaric, adipic, and so on, together with

15 diglycolic acid. Of these, diglycolic acid and the saturated aliphatic
dicarboxylic acids having from 4 to 6 carbon atoms in the molecule, namely,
succinic, glutaric and adipic are most preferred. Blends of two or more of
these dicarboxylic acids can also be used, as well as blends of one or more of
these with higher saturated aliphatic dicarboxylic acids such as azelaic and

»  sebacic, as long as the resulting long chain polyamide-polyamine is water-
soluble or at least water-dispersible.

The polyamide-polyamine materials prepared from the foregoing
polyamines and dicarboxylic acids are reacted with epichlorohydrin to form the
cationic polymeric aminoepichlorohydrin resins preferred for use herein as the

1 reactive hydrophilic compound. Preparation of such materials is describe in
greater detail in U.S. Patent 2,926,116 (Keim), issued
February 23, 1960, U.S. Patent 2,926,154 (Keim), issued February 23, 1960,
and U.S. Patent 3,332,901 (Keim), issued July 25, 1967, all of which are
_ incorporated by reference.

v 30 An absorbent material of another aspect of the present invention
comprises, a positive-charge supplying compound bonded to the absorbent
polymer, and a non-ionic hydrophilic compound bonded to the absorbent
polymer,

In a preferred embodiment, the contact angle of blood on a surface of

35 the absorbent material is from about 0 degree to about 40 degree.

Any of the above described positive-charge supplying compounds can

be used. Preferred are the above described polycations which can bond to the

e
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The wettability with Iiquids such as urine and bl ood can be defined in _
ter.ms of contact angles and the surface tension of the |iquids and solids

i nvolved. This is discussed in detail in the Anerican Chenical Society
Publication entitled "Contact Angle, Wettability, and Adhesion” Zlgi glqﬂpy
15 Robert F. Gaub9sass copyrighted in 1964, which is incorpora‘fg SBé/

ref erence. The term "bl ood" used herein should be understood in
general . A typi cal exanple of content of "normal blood" is disclosed
in a paper witten by H. Nagorski et al. and entitled "SUPERABSORBENT
POLYMERS | N FEM NI NE HYG ENE APPLI CATIONS' in the Ag@ri,can_ uﬁll i cation
named 20 "THE NE\bseyeyeslsmeyikrqueh thegonig houd; ok this aspect ¢ Ej'tvew&c € s

i %03 por at ed hﬁr ei fonliynié nyﬁfo@ﬁiﬁeﬁp{npound can inclull®) theoabover désell'ibeﬂdreactive
enbodl nents, the reactil.wm I LtLC CO - At ﬁ@&%o
reactive functi onaﬂy b"r"hﬁ%%é@%‘@ﬁé" hbcfh } %?%%Hpg'?gﬁ%% tc’%‘]d'@c}ﬁ_é ' rBg‘gt ween
the hydrophilic copniymendasanell astthe pon-reactivedwirophilic compaunds which 5 mersly
gbsgr 3e{1t fﬁl ynﬁr -cagﬂﬂ?f ofq;rxyﬁéauﬁ_absbtdiﬁm@id,i@gﬁ&{npmde@iag tb eorcpteysically| } y
onae 0 e absaqr I r, | e SOr - 0
cheni cal bonds in&%gﬁnﬁég%§g§’mpﬁm rogen 'g{r%%ﬁig%‘%s"ﬁ%rgn _g' %%{)rggr?gd :
bet ween t he react i heseimytile tsphi"horereaeivpomeans arhydropbilie parapayed tvhih dpsepot

ﬁugh CE_elmj cal bond%aauﬁth e a’é&drf@éiﬂ pen@ug Enaee thYS §roesss chititisreelhe \peeset0
wshed auey by SucBEEPhg IRBRNT HAtRGReL *?%égiﬁﬁ'gf?&%é#%ﬁ{*%r. e,
nmenstrual fluide eteactive functionadgedupr thatdcannfoonianegvelentabongy witk the shsadesdr an
ionic polymer under the process condition nor effective number of cationic groups
for the ionic bond to the absorbent polymer. .
In alternative preferred embodiments, non-reactive polyethers which are |
capable of physically associating to, physically connecting to or physically
15 bonding to the absorbent polymer through intermolecular interactions can be
used as the non-reactive and non-ionic hydrophilic compound.
The preferred non-reactive polyethers are described in greater detail,
for example, in U.S. Patent 4,190,563 (Rosley et al.), issued February 26,
1980, which is incorporated by reference. Some of non-reactive polyethers
»  preferably used are described hereinafter. The backbone of the non-reactive
polyethers can be expressed by the following formula:
R(C2H40)a(C3H60)b(C2H40)cR
where a+c represents the total number of oxyethylene units and b the number
of oxypropylene units and where a+c or b can be zero, and R is a non-reactive
25 functional group unable to bond chemically to the absorbent polymer under the
process condjtion of the present invention and is preferably independently
selected from H-, HO-, CH30-, CH3CH20-; and 50 on.
The molecular weight of a non-reactive polyether can typically be from
200 to 20,000.
30 The non-reactive polyether can be a polyoxyethylene polymer, ie. a
polyethylene glycol, in which case b in the above formula is zero. Polyethylene
glycols are water-soluble. Preferred polyethylene glycols are those having a
molecular weight of from 200 to 3,000.
The non-reactive polyether can be a polyoxypropylene polymer, i.e. &
3 polypropylene glycol, in which case at+c in the above formula is zero.
Polypropylene glycol are not soluble in water. Preferred polypropylene glycols
are those having a molecular weight of from 400 to 4,000. '
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bond can be fornmed as one of such chemical bonds. For exanple, the coval ent
bond generally arises as a result of the formation of ester, amde (imde),
or 35 wurethane bonds by reaction of the functional group of the

hydr ophilic conpound with a carboxyl group of the absorbent r.
This is the repvosemesst sheet Fetushnbi
-6 - In sone of the preferredgpbodi nents, a spacer can be
present between t he hydrophilic compound and the absorbent polyner, to

forma chem cal bond

The non-reactive polyether can also be a water-soluble or a water-
insoluble polyoxyethylene-polyoxypropylene block copolymer. By a water-
soluble non-reactive polyether is meant one which is soluble to the extent of
more than 1% in water at 25°C, i.e. a solubility of greater than 1 gram in 100

s grams of water. In water-soluble polyoxyethylene-polyoxypropylene
copolymers the weight of the oxyethylene units exceeds about 15% by weight
of the total compound. Preferred polyoxyethylene-polyoxypropylene
copolymers are those which are liquid at room temperature. Preferred water-
soluble copolymers are those having a molecular weight of from 1,000 to

0 4,000. ,

In more preferred embodiments, the non-reactive polyether is selected
from the group consisting of a non-reactive polyethylene glycol (PEG), a non-
reactive polypropylene glycol, and a non-reactive poly(oxyethylene-
oxypropylene) copolymer.

15 In further preferred embodiments of the present invention, an absorbent
material having a porous structure comprises a water-insoluble, water-
swellable absorbent polymer. The absorbent material has the contact angle of
blood on a surface of the absorbent material from about 0 degree to about 40
degree.

2 As used herein, the term "porous structure" means a structure forming
walls surrounding and defining cellular voids of absorbent polymers when
substantially dry. In general a porous structure of absorbent material can
provide the absorbent material with low density and/or high specific surface
area. Under microscopic observations, walls formed in an absorbent material,

= for example,_ show the sponge-liké éppearance as shown in Figures 1 and 2,
and walls of another absorbent material show the withered leaf-like appearance
as can be especially seen in Figures 3 and 4.

In preferred embodiments, the absorbent materials have a bulk density
of from about 0.01 g/cc to about 0.4 g/cc, preferably from about 0.03 g/cc to

»  about 0.35 g/cc, and more preferably from about 0.06 g/cc to about 0.3 g/cc.

In alternative preferred embodiments, the absorbent materials have a
specific surface area of at least about 400 cm2/g, preferably at least about 600
cm2/g, and more preferably at least about 1,000 cm2/g. A method of
determining the specific surface area of a sample of the absorbent materials is

33 also described in the TEST METHODS section.

~ Due to the porous structure of the absorbent materials and the
improved wettability with liquids ( i.e. the low contact angle on the surface) of
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bet ween t he hydrophilic conmpound and the absorbent pol ynmer. The spacer
use herein should have at |east one atom capable of naking such chem
bond or connection between the hydrophilic conpound and the absorbent

mat eri al .

i nvention, the woostasss ophilic conpound can be either a positi
suppl yi ng conpound or a non-ioni ¢ hydrophi-l i ¢ conpound having at | east
one reactive functional group.

reactive functional

surface of the absort

In nore preferred enbodi nents of the present

A preferred non-ionic

in

cal

e

5

hydr ophi | i ¢ conmpound conprises a reactive polyether having at | east one
g%oup capabl e of form ng chem _cal bond onto the
?hsor&s'rtwmﬂai Rhedinyid ‘asreb}wap @p¢ dispersippofblond and other; ¢

bond. I mqprdeﬁmnﬁdaduﬁmmgh iR bSorbén thatefialcdan \be improyed. MEuscthpabl e
of form ng,a 15 ULl RNt o Y08 IRPRAAR bnd Waolihoidt e IARHE sith 3y oS!

one reactive
repeat units of

ro reactive th the t a
gar ggxyl gr Io\ljp, Wlan ani nofillpspef%T A eimbgﬂl g% ?sorgené n%?er%l E.\a}lhgpggmﬂ'ls%]g
podspphifie cempgund fos modifiieg surtage sharagterisiesapf the absorbent

preferred reactive
hereinafter. The bageohae
foll owi ng fornul a:

10

%wy@vﬁyloeﬁe Armqs&qdpefdmr@n@g @ﬁap@ﬁaa@nsiemf@r %?“H’F?e'ﬁ eof .
The functi onal grsoumescnbed)fnth&pﬁspmmggécﬁeﬁ her can be any chenical

OfBoﬂh?;E@%ﬁTréa\&ﬁvaoﬂlcb’ﬁérh&hctﬁ@rhyaﬁypﬁma [@fmpBshdey t he
S

lémbe}l cgge l?s% bs( t%z 'E'%%Emhc compound.

In more preferred embodiments, the above described non-reactive
polyethers are used as the non-reactive hydrophilic compound. The non-
reactive polyethers can be physically associated with, physically connected to
or physically bonded to the absorbent polymer through intermolecular
interactions. -

which are previou

In alternative preferred embodiments, the above described reactive
hydrophilic compounds are used as the reactive hydrophilic compound. The
reactive hydrophilic compound can be chemically bonded to the absorbent
polymer in the absorbent material. Any type of chemical bonds including
covalent bonds and ionic bonds can be formed between the reactive hydrophilic
compound and the absorbent polymer. For example, the covalent bond
generally arises as a result of the formation of ester, amide (imide), or urethane
bonds by reaction of the functional group of the hydrophilic compound with a

carboxyl group of the absorbent polymer.

In some of the preferred embodiments, a spacer can be present between
the hydrophilic compound and the absorbent polymer, to form a chemical bond
between the hydrophilic compound and the absorbent polymer. The spacer in

use herein should have at least one atom, capable of making such chemical

bond or connection between the hydrophilic compound and the absorbent
material,

In more preferred embodiments of the present invention, the reactive
hydrophilic compound can be selected from either one of the above described
positive-charge supplying compounds or one of the above described non-ionic
hydrophilic compounds having at least one reactive functional group.

It is noted that all of the above described absorbent materials of the
present invention can have a number of shapes and sizes. For example, the
absorbent materials are typically in the form of particles, sheets, films,
cylinders, blocks, fibers, ﬁlaments or other shaped elements. The term
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25 where at least one of X and Y is a reactive functional group capabl e of

bondi ng to the absorbent polyner, i.e. a hal ogen group, a carboxyl
group, an epoxy group and so on, and where a+c represents the total
nunber of oxyethyl ene units and b the nunber of oxypropyLeqﬁaﬁg'aﬁﬂ)and
where a+c or b wensimsszero. X and Y can be either the sang ctiona
group or different functional groups. 30 -14- The nol ecul ar wei ght of the
reactive polyethers can typically be from 200 to 20, 000.

The reactive pol yether can be a pol yoxyet hyl ene pol yner having at | east

one reactive functiopal, group, i ol.yet ycol .term pnating wth

l.e..a hyl ene, gl

a functional gro®ticlen agHised, heredn descri st'r‘i‘é %ﬁ?f\b%‘f‘ﬂ?‘ﬁﬂ?‘%o d %é’lr%.gm
Reactive 35 pol yet hipvention ghry belforttexdi iwat gramslesapelverents; spliends) 8akes, fbess.er r ed
reactive pol yet%he%%s ery%long?{tésyaa% VRS steCoft {HRS BbsBb¥htN thaterille! winul ar
wei ght of from to 3, 000U. ] .

generally range in size from between about 1 micron to about 2000 microns,

s more preferably between about 20 microns to about 1000 microns. The term

"sheet" as used herein describes the absorbent materials of the present

invention can be formed within a thickness at least about 0.2 mm. The sheets

will preferably have a thickness between about 0.5 mm and about 10 mm,

typically from about 1 mm to about 3 mm.

WATER-INSOLUBLE WATER-SWELLABLE POLYMER MATERIALS

The water-insoluble water-swellable absorbent polymers for use in the
presént invention are hydrogel-forming. Preferably, the absorbent polymers
suitable for use can,be a crosslinked polyelectrolyte. More preferably, the

15 crosslinked polyelectrolyte can have a multiplicity of anionic functional groups,
such as sulfonic acid, and more typically carboxyl groups.  In preferred
embodiments, the crosslinked polyelectrolyte is selected from the group
consisting of a crosslinked polyacrylate sodium, a crosslinked
polymethacrylate sodium, a crosslinked polyacrylate potassium, a crosslinked

2  polymethacrylate potassium, a crosslinked starch grafted polyacrylate, a
crosslinked starch grafted polymethacrylate, a crosslinked polyvinyl alcohol
grafted polyacrylate, a crosslinked polyvinyl alcohol grafted polymethacrylate,
a crosslinked carboxy methyl cellulose, a crosslinked cellulose grafted
polyacrylate, and a crosslinked cellulose grafted methacrylate. _

»s  Some of preferred crosslinked polyelectrolytes are made from
polymen'zable, unsaturated, acid-containing monomers. Thus, such monomers
include the olefinically unsaturated acids and anhydrides which contain at least
one carbon to carbon olefinic double bond. More specifically, these monomers
can be selected from olefinically unsaturated carboxylic acids and acid

»  anhydrides, olefinically unsaturated sulfonic acids, and mixtures thereof.

Some non-acid monomers can also be included, usually in minor
amounts, in preparing the crosslinked polyelectrolyte herein. Such non-acid
monomers can include, for example, the water-soluble or water-dispersible
esters of the acid-containing monomers, as well as monomers which contain no

s  carboxylic or sulfonic acid groups at all. Optional non-acid monomers can thus
include monomers containing the following tYpes of functional groups:
carboxylic acid or sulfonic acid esters, hydroxyl groups, amide-groups, amino
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-7- ¢ The reactive polyether can be a pol yoxypropyl ene pol ymer

havi ng at | east one reactive functional group, i.e. a reactive

pol ypr opyl ene gl ycol termnating with a functional group, in which
case a+tc in the above formula is zero. Reactive polypr op?f,lgz;e’?g%l%%ol
derivatives arwaese?ssl |y not soluble in 5 water. Preferred cti've

pol ypropyl ene gl ycol derivatives are those-having a nol ecul ar wei ght
of from 400 to 4, 000. The reactive polyether can al so be a
wat er -sol ubl e or a mater-insoluble . polyoxyethylene polyoxypropylene

bl k | ) t
ohich Lo ool ubl & t BPiRs BTk REoR Sdcpuaternt nenyn R pler  Tpes bR aRH "
i.e. a solubility ochonpmess ane wellsknowngmatenialsamd0aredesgribedfin \graater | detall for| n

wat er - sol ubl e pol ycexx.%n@yhams mhmomarsa@ i\/ﬁE\RﬂaQQQQ' téma%bm VIS, 48, of

bretorred wol yoxyet ML SRS %&}W@ﬁéﬂg@bﬁwﬁi et P SR,

liquid at room tsenpelmdtuemcot?peaft&drbye'dfewacaer-soI ubl e copol yners are those 15
having a nol ecul ar wei glgieffically Qﬂéaljmﬂ@(?c&r@ )érhpgad and carbo hc acid dhh{fdHde

preferred enbodi nents, the re ctlve the

group consisting of %‘W&%FFW 6\"93’&“(’& ‘%?e'?e‘ﬁ?,q‘?
pol ypropyl ene gl ycdadicid, athderglia ml:tal-ohk)rmkwl(:mx@ea-hydnemylm@cpt bﬂyéthyla)yhc
copol yner. acid (crotonic acid), a-phenylacrylic acid, b-acryloxypropionic acid, sorbic acid,
1 a-chlorosorbic acid, imgelic acid, cinnamic acid, p-chloro cinnamic acid, b-
sterylacrylic acid, itaconic acid, citroconic acid, mesaconic acid,, glutaconic
acid, aconitic acid, maleic acid, fumaric acid, tricarboxyethylene and maleic
acid énhydride. Olefinically unsaturated sulfonic acid monomers include
aliphatic or aromatig vinyl sulfonic acids such as vinylsulfonic acid, allyl
15 sulfonic acid, vinyltoluene sulfonic acid and styrene sulfonic acid; acrylic and
methacrylic sulfonic acid such as sulfoethyl acrylate, sulfoethyl methacrylate,
sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy-3-methacryloxy
propyl sulfonic acid and 2-acrylamide-2-methylpropane sulfonic acid.

Preferred crosslinked polyelectrolyte for use in the present invention

x contain carboxy groups. These polymers include hydrolyzed starch-
acrylonitrile graft copolymers, partially neutralized starch-acrylonitrile graft
copolymers, starch-acrylic acid graft copolymers, partially neutralized starch-
acrylic acid graft copolymers, saponified vinyl acetate-acrylic ester copolymers,
hydrolyzed acrylonitrile or acrylamide copolymers, slightly network crosslinked

»s  polymers of any of the foregoing copolymers, partially neutralized polyacrylic
acid, and t-'gl'ightly network crosslinked polymers of partially neutralized
polyacrylic acid. These polymers can be used either solely or in the form of a
mixture of two or more different polymers. Examples of these polymer
materials are disclosed in U.S. Patent 3,661,875, U.S. Patent 4,076,663, U.S.

»  Patent 4,093,776, U.S. Patent 4,666,983, and U.S. Patent 4,734,478.

Most preferred crosslinked polyelectrolyte for use in the invention are
slightly network crosslinked poiymers of partially neutralized polyacrylic acids
and starch derivatives thereof. Most preferably, the crosslinked polyelectrolyte
comprise from about 50 to about 95%, preferably about 75%, neutralized,

»  slightly network crosslinked, polyacrylic acid (i.e. poly (sodium acrylate/acrylic -
acid)).
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20 g In alternative and preferred enbodi nents, a positive-charge
suppl yi ng conpound can be used as the reactive hydrophilic conmpound
chem cal ly bonded to the absorbent polynmer. The positive-charge
suppl yi ng conpound can supply the absorbent polyner with a

posi ti ve- char geyd fesaedsy forning an i oni ¢ bond bet ween 't KECERISEYAILA:
pol ymer and the positive-charge supplying .32%. conpound. I n
further alternative and nore preferred enbodi nents, a polycation can

be used as the positive-charge supplying conmpound chem cally bonded to the
absorbent polyner. The polycation is a polynmer having nore than gne

posi tivel y-charged grou s:a{vsmbed ofboveyr thengroasiinkeshnipelyslseteplyte #78ePAWRYT bent

30 polyner. In pref gafefisls BabadishEnay fetwohecrb | Inked. | Ndtwikedréusiking servesitol s

sel ected frorr}tn & group consi sting é‘ i 1? oL BI' S RaVd.Nd ALl Ry Y

amne groups (e.g. ' PSP Pateriale angéfQuPtf?l i h) (df poF Ner s

havi ng secondary anibserpgive ppacity and gxtragable polystehdonten ghanecteris(ics) ob#heyner s

having tertiary am pgofeURRterisl: I PraXeisés for netwbbk Brosdlifilihg \thelpllymeRMaride) ;

et o P o 2 ypiil ok bslinking "Saerts 8 esciBed G gheard bt B e
hereinbefore-referenced U.S. Patent 4,076,663.

The crosslinked polyelectrolyte particles can be formed in any

conventional manner. Typical and preferred processes for producing the
1o crosslinked polyelectrolyte are described in U.S. Patent Re. 32,649 (Brandt et
al), issued April 19, 1988, U.S. Patent 4,666,983 (Tsubakimoto et al), issued
Can 19, 1987, and U.S. Patent 4,625,001 (Tsubakimoto et al), issued
November 25, 1986, all of which are incorporated by reference.
Preferred methods for forming the crosslinked polyelectrolyte are those
15 that involve aqueous solution or other solution polymerization methods. As
described in the above-referenced U.S. Patent Re. 32,649, aqueous solution
polymerization involves the use of an aqueous reaction mixture to carry out
polymerization to form the crosslinked polyelectrolyte. The aqueous reaction
mixture is then subjected to polymerization conditions which are sufficient to
» produce in. the mixture, substantially water-insoluble, slightly network
crosslinked polymer material.

More specifically, the aqueous solution polymerization method for
producing the crosslinked polyelectrolyte comprises the preparation of an
aqueous reaction mixture in which to carry out polymerization to form the

2 desired crosslinked polyelectrolyte. One element of such a reaction mixture is
the acid group-containing monomer material which will form the "backbone" of
the crosslinked polyelectrolyte to be produced. The reaction mixture will
generally comprise about 100 parts by weight of the monomer material.
Another component of the aqueous reaction mixture comprises a network

» crosslinking agent. Network crosslinking agents useful in forming the
crosslinked polyelectrolyte are described in more detail in the above-referenced
U.S. Patent Re. 32,649, U.S. Patent 4,666,983, and U.S. Patent 4,625,001.
‘"The network crosslinking agent will generally be present in the aqueous
reaction mixture in an amount of from about 0.001 mole percent to about 5
35 mole percent based on the total moles of monomer present in the aqueous
mixture (about 0.01 to about 20 parts by weight, based on 100 parts by weight
of the monomer material). free radical initiator including, for example,
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More pteferred polycation for use is a polyanine having primary or
secondary ami ne groups such as a polyal |yl amne, polyvinyl amine, or a

pol yi m ne such as -a pol yet hyl enei m ne. In further nore preferred
enbodi nents, a polycation having 5 oxyethylene repeat units aqr

oxypropyl ene r apeesr2208%5 t s can-be used as the posi ti ve-char"éﬁ",‘?ﬁﬁ%‘f’gﬂ ng
conpound. For exanple, an ethoxylated or a-17- propoxyl ated product of an
am no conpound that has oxyethyl ene units, oxypropyl ene units or both

units thereof can also be used as the polycation to

formionic bonds to

t he absorbent polyner. The oxyethyl ene or ,oxyprogxl ene |0 wynits @I‘ateséu‘:h

pol ycation can havePSREYSER FEMPUNAS sush 38 SQATR rROAS

'HbWe’.mmm’“"ARFrﬁ

conmpounds useful i ncipngylpr parexitle,i nbsapdyt Onperdatide, behydargen i lypecbxide, daumehe
hereinafter. h drope%;t?& prt?rti\%rx.r Sﬁypc&i;%'eﬁﬁ‘ttﬁaWe F Ot
Y adauc ich’i s the reac

am no- epi chl or ohydr |

act on*%reg&c}g‘c e%géigegdg’inc

epi chl or ohydri n andsediui pesacetste, codivaL Rercatbenatas and s diker i OBsr BBYMEr i ¢
am ne so that the reatpdnemns of the dqRedlisi redttiph aifxiGie dvamriad tHeeasibud mem-aoidic oni c

functi onal

gr oups.
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I&%ﬁoﬁgrd WiatePials including esters of the essential unsaturated acidic
functional group-containing monomers or other co-monomers containing no
carboxylic or sulfonic acid functionalities at all.

The aqueous reaction mixture is subjected to polymerization conditions
which are sufficient to produce in the mixture substantially water-insoluble,
absorbent, hydrogel-forming, slightly network crosslinked polymer materials.
The polymerization conditions are also discussed in more detail in the three
above-referenced patents. Such polymerization conditions generally involve
heating (thermal actiyation techniques) to a polymerization temperature from
about 0°C to about 100°C, more preferably from about 5°C to about 40°C.
Polymerization conditions under which the aqueous reaction mixture is
maintained can also include, for example, subjecting the reaction mixture, or
portions thereof, to any conventional form of polymerization activating
irradiation. Radioactive, electronic, ultraviolet, or electromagnetic radiation

- are alternative conventional polymerization techniques. The resulting -

polymerization product is a swollen water-insoluble hydrogel. The swollen
water-insoluble hydrogel is used in some preferred processes for making
porous absorbent materials as described hereinafter.

The acid functional groups of the polymer materials formed in the
aqueous reaction mixture are also preferably neutralized. Neutralization can be
carried out jn any conventional manner which results in at least about 25 mole
percent, and more preferably at least about 50 mole percent, of the total
monomer utilized to form the polymer material being acid group-containing
monomers that are neutralized with a salt-forming cation. Such salt-forming
cations include, for example, alkali metals, ammonium, substituted ammonium
and amines as discussed in further detail in the above-references U.S. Patent
Re. 32,649.

While it is preferred that the crosslinked polyelectrolyte be
manufactured using an aqueous solution polymerization process, it is also
possible to carry out the polymerization process using multi-phase
polymerization processing techniques such as inverse emulsion polymerization
or inverse suspension polymerization procedures. In the inverse emulsion
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can be in the formof nononeric conpounds (e.g., the reaction product of
epi chl orohydrin and ethyl ene diam ne), or can be in polyneric form(e.qg.,

t he reaction product between epichlorohydrin, and polyani de-pol yan nes
or 20 polyethyleneinmnes). The polyneric versions of these cationic
am no- - epi Gy oRkakdri n adducts are typically referred t'o - RETUSTYIY -

One type of am no conpounds which can be usegfor mnaking the
et hoxyl ated or propoxyl ated product, and can be reacted with
epi chl or ohydrin to form adducts useful in the present invention

conprises nononeric di-, tri- 25 and higher am nes having p“g}aelﬁ/q or
secondary ani no gr ougelymenizatios; or inversesiupnension pelymengation arocefuress UBYni nes

of this type incl uderekdtion %n%\f@@@h&b’nhbefore debdiBEd is suspended in the form of tiny

NN- di net hyl et hyl enedi a r:az nd et hvl e | es
of useful triam nes %f"r’?f i {)gﬁ" bl H ﬁﬁé N’%’Hﬂsﬁ%'& Eﬁﬂ S’rghﬁ? olvent E}éﬁ;ﬁg
di al kyl ene tri ami nescyslobtxaats tqan;uaehemsshdmdr;@lyel;ﬁtaolmepmﬁt;neer%tSP

30 Such am ng smper llﬁlleirsea&% ériSRAt ri‘zkhdi»p protkduréshy@r dé&cﬁb@dfmr m

t he cationic am no-e ef I
hydr ophi | i cI ! conp%fﬁ?‘fﬁp#gq‘ :!ng ﬁ%&ﬂg?g blé?s’ﬁe}ggt ggdgusggﬁuh ago wers a
more conpl ete de¥&: Ppﬁtent(mmﬁOSﬁZf(Elesmdddd)s issuedrerch 48, 1983 nangel SoRstenti n

U.S. Patent 4,310, 598735 987(\}ﬁ&§§}t’aly fséiiéadxpﬂxﬁﬂumz al12of whidhdre ﬁlﬁ&ﬁbﬁtd&l@s et
al, J. Oganic Chem s? 824-826 (1964). Bo of these

docurents are | ncorp@eé%/"é & by _ reference
Preferred crosslinked polyelectrolyte of the present invention are those

which exhibit a high absorptive capacity. Absorptive capacity refers to the
capacity of a given polymer material to absorb liquids with which it comes into
contact. Absorptive capacity can vary significantly with the nature of the liquid
being absorbed and ,with the manner in which the liquid contacts the polymer
15 material. For purposes of this invention, Absorptive Capacity is defined in
terms of the amount of Synthetic Urine (as hereinafier defined) absorbed by
any given polymer material in terms of grams of Synihetic Urine per gram of
polymer material in a procedure hereinafter defined in the Test Methods
section. Preferred crosslinked polyelectrolyte of the present invention are
2  those which have an Absorptive Capacity of at least about 20 grams, more
preferably at least about 25 grams, of Synthetic Urine per gram of polymer
material. Typically, the polymer materials of the crosslinked polyelectrolyte
“herein have an Absorptive Capacity of from about 20 grams to about 70 grams
of Synthetic Urine per gram of polymer material.
25 While all of the crosslinked polyelectrolyte are preferably formed from
the same.pplymer material with the same properties, this need not be the case.
-For example, some crosslinked polyelectrolyte can comprise a starch-acrylic
acid graft copolymer while other crosslinked polyelectrolyte can comprise a
slightly network crosslinked polymer of partially neutralized polyacrylic acid.
»  Further, the crosslinked polyelectrolyte can vary in size, shape, absorptive
capacity, or any other property or characteristic. Ina preferred embodiment of
the present invention, the crosslinked polyelectrolyte consist essentially of
“slightly network crosslinked polymers of partially neutralized polyacrylic acid,
each crosslinked polyelectrolyte having similar properties.
35 .
PROCESS FOR MAKING ABSORBENT MATERIALS OF THE

INVENTION -—
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-9- : In addition to nononeric am nes, polyneric am nes such as
pol.yet hyl enei m nes can al so be used as the am no conpound. A particularly
desi rabl e am no conpound whi ch can be reacted with epichlorohydrin to form
preferred cationic polyneric adduct resins useful herein corrpr{, %&?ki(ﬁﬁ” 5
pol yam de- pol yawiorsR2338r i ved f-rom pol yal kyl ene pol yam nes and saturated C3-
Cl10 di-carboxylic acids. Epichlorohydrin/pol-yam de-pol yam ne adducts of
this kind are water-soluble, thernosetting cationic polynmers which are

wel I known in the art as wet strength resins for paper products.

In the preparation of polyam de-pol yanin used to rm.thi f 10
class of cationic pol ynerl%cy%} ég?‘ﬁ%f,_‘Vsaecai°?§?%85‘{§}}"i°8' Q’%i'ﬂetf'%d ? f B@“‘?@%@%ed
with a pol yal ky| shserbpu| nyaseriah compises the atiops/ofi (A) appl¥iog an amount oba reagiinter
condi tions such RiréphilR! Qipolnd olBt £ wakRiddBluble, WaRkEsWHRbIE fofmerMrde

containing the recur {ﬂ)ngeacting the reactive hydrophilic compound with the water-insoluble,

s water-swellable polymer to provide a contact angle of blood on a surface of
the absorbent material from about 0 degree to about 40 degree.

In still another aspect of ihe invention, the method of producing the
absorbent material comprises the steps of (a) applying an amount of a reactive
polyether onto a water-insoluble, water-swellable absorbent polymer, wherein

10 the reactive polyether is reactive with the absorbent polymer; and (b) reacting
the reactive polyether with the absorbent polymer; thereby forming the
absorbent material comprising the absorbent polymer having said reactive
polyéther chemically bonded thereto.

In preferred embodiments, the absorbent polymer material as a

15 precursor can have a number of shapes and sizes. For example, such precursor
absorbent polymer material can be typically in the form of particles, sheets,
films, cylinders, blocks, fibers, filaments, or other shaped elements. Preferably,
discrete units, more preferably precursor particles of the absorbent polymer are
used. In an alternate preferred embodiment, an absorbent macrostructure or -

»  sheet comprising a multiplicity of interconnected absorbent particles of the
absorbent polymer can be used as the precursor.

In preferred embodiments of the present invention, any of the
previously described reactive polyethers which can react with the absorbent
polymer can be applied onto the surface of the absorbent polymer material.

s The reai:t_ive polyethers can be applied by any of various techniques and
apparatus'ysed for applying materials to the other materials including coating,
dumping, &ropping, condensing, spraying, or immersing the reactive polyether
onto the absorbent polymer material. As used herein, the term "applied onto"
means that the reactive polyether will be on at least a portion of the surface

% area of the absorbent polymer material. Preferably, the reactive polyether is
applied onto all of the surface of the absorbent polymer material.

In a preferred embodiment, the reactive polyether is combined with the
absorbent polymer, and the two components are mixed, preferably thoroughly
mixed, using any of a number of mixing techhiques and apparatus, including

35 various mixers, sprayers, or kneaders, as are known in the art.

After the reactive polyether has been applied onto the absorbent

polymer, the reactive polyether is caused to react with the absorbent polymer.
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groups’ - NH( CnH2nHN) x- CORCO- where n and x are each 2 or nore and Ris

the C1L to C8 al kyl ene group of the dicarboxylic acid. 15 A variety of
pol yal kyl ene pol yam nes i ncl udi ng pol yet hyl ene pol yam nes (e.qg.

pol yet hyl enei m ne or pol yvi nyl am ne), pol ypropyl ene pol yam | nes a%(oloso

pol yal | yl am newo ge3ssut yl ene pol yam nes and so on can be errp

prepare the pol yam de-pol yam ne, of which t{m-pol yet hyl ene pol yam nes
represent an economcally preferred class. Mre specifically, preferred 20
pol yal kyl ene pol yan nes used to prepare the cationic polymeric resins

herein are poI am ne cont ai_ni n ) d at. | east
one secondar y it |“H’°ng% Feaft é’ Fﬁﬂ%@ﬁ*ﬁ%ﬁﬁ‘%&?@? Rhenic
t oget her by gr (gcqms d»‘tbr inlleing chieniohia botuh HRe -reastien eam be saraied romt lat Feameger

greater than unity Bﬁm %}ggreggl.lmb?,[ Stk eie "Q;‘ﬁ:gr}ﬁ%{) tg,gg%,gm}ee@m Be

ranges from two upto and pretera Cfl‘fg& fo r The
nitrogen atoms can BeAUEd E-Ruse tf“bchem“’a' bardinge fer ?‘éF"BB"n NANSRDOMERt KIS o up
-CnH2n- or to carsbomheieactive fpolyeiher indipdesta halogen térttinah gtoupoort dhepoxgtermimat bon

atom Al so contenpl %}&ﬂ, for mB ?ﬁ H‘E%og{lerﬁ %SKH heatmg%?ltwealr&&% tpo lyeder and the

di et hyl enetri am ne, triet % | 'enepent am ne,
di propyl enet ri ani ne abgarkent mlym?rle&reqmdctﬁ %‘éﬁﬁ eﬁsctye Ch%f’%\ g PEERnabl v
pure form O all thke femmguegof theereatdle polpétherr axtl ahe absorbent Ipelymer is

pol yethyl ene pol yamxﬁhﬁ‘rﬁmg&%%ﬂaﬂge {:fﬁ’% \%)uttéb"é%' b&k%b‘i’f‘%&é%ﬁ?&am&m

primary ami ne groups, condary, am né ¢

In preferred enb#di feom about RR°Gytn Jhout ?%Cr slns%’m?cﬁ"&?dﬂ"é?ﬁ ?Wﬁtab'%ﬂ’ﬁh as
consisting of (1) et ewd ke prErerablp lubéd PR pidfioting thetiehaio batwien e ieantivee;

and polyether and the absorbent polymer.

In a preferred embodiment, the reactive polyether is d|ssolved in a

solvent prior to additjon of the polyether to the absorbent polymer. Preferably,

15 the solvent is an organic solvent, more preferably a polar organic solvent.

Non-limiting examples of a preferred solvent for the reactive polyether

includes: water; the low molecular weight alcohols such as methanol, ethanol,

or propanol; acetone, dimethylformamide(DMF); dimethylsulfoxide(DMSO);

hexylmethylphosphoric triamide (HMPT); and mixtures thereof. Preferred

»  solvent are mixtures of water and one of the above described organic solvents.

Preferably, the ratio of one of such organic solvents and water used herein is
about from 98:2 to 60:40, more preferably from 90:10 to 80:20.

Non-polar solvents such as hexane, toluene, xylene, and benzene can be
used as the solvent for the reactive polyether.

2 The liquid mixture including the polyether and the solvent is applied
onto the; absorbent polymer material by any of various ‘techniques and
apparatus used for applying solutions to materials including coating, dumping, -
pouring, dropping, spraying, atomizing, condensing, or immersing the liquid
mixture onto the absorbent polymer.

» The amount of the polyether which is sufficient to effect an
enhancement of the wettability of the absorbent polymer by blood (i.e. the
"blood wet-out” of the absorbent polymer) can vary on a number of factors
such as the chemical type of the absorbent polymer and its physical form, e.g.
particle size of the absorbent polymer, and the type and molecular weight of

3 the polyether used in the treatment, as well as on the method of applying the
polyether. In general, for a given absorbent polymer, increasing amounts of
polyether are required as the molecular weight of the polyether used increases.
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35 (3) ethoxylated polyimne. For exanple, the ethoxylated nononeric am ne
IS, tetraet hyl ene pentam ne ethoxylated with 15 noles (average) of

et hyl ene oxi de at each hydrogen site on each nitrogen (TEPA-Eferr]);
the ethoxyl ated

10-
pol yami ne i s palasakbsssani ne ethoxylated with 15 nol es (averagBYr’HF”@t"WI ene
oxi de at hydrogen sites on nitrogen atons; tdie ethoxylated polyimne is
pol yet hyl enei mi ne et hoxylated with 15 noles (average) of ethylene oxide at
hydrogen sites on nitrogen atons. 5 Al so contenpl ated for use
herein are pol yam ne precursor materials contai ning at | east three
ami no groups w th aBxeessive ameuntoef thecolyetien ap solyethefgmixture should pe #vgidethi no

group. Suitabl e pol pagahseane eftralgolyethey it is A6Y disttidied fo)the s6bént polymer can
inhibit the flow of the applied blood in the particulate absorbent polymer by
blocking the capillary channels formed in the particulate absorbent polymer,
s and for the economic reason. It is highly preferred that the blood be able to
percolate easily through the capillaries or spaces between the particles and
therefore these capillaries or spaces should not be blocked unnecessarily by the
excess polyether. _

Employing the absorbent polymers described in U.S. Patent 3,661,875,

o U.S. Patent 4,076,663, U.S. Patent 4,093,776, U.S. Patent 4,666,983, 1% by
weight of any type of reactive polyethylene glycol having an average molecular
weight of about 600 based on the weight of absorbent polymers while-amounts
this polyether, when mixed directly with the absorbent polymers.

For this samerreactive polyethylene glycol, an amount above about 20%

15 should not be used to avoid producing an unsatisfactory ointment-like or pasty
mixture. The higher molecular weight, normally solid, reactive polyethylene
glycols are generally required to be used in greater amounts by weight than the
liquid polyethylene glycols. For most absorbent materials the amount of
polyethylene glycol required will be less than about 15% by weight of the

2  absorbent polymer when the direct method of mixing with the absorbent
polymer is employed. '

In a preferred embodiment, the mixture of the reactive polypropylene
glycols and the reactive poly(oxyethylene-oxypropylene) copolymers will
generally be used in amounts of from about 1% to about 20% by weight,

23  depending on their molecular weight and the nature of the absorbent polymer.
The copolymers, having generally higher molecular weights, when used alone
tend to require use in relatively substantial amounts, e.g. about 5% to about
10% by weight of the absorbent polymer, but again the amount of the polyether
required will be dependent to some extent on the chemical type and physical

» form of the absorbent polymer being treated. In certain cases amounts of
polyether up to about 30% by weight of the absorbent polymer can be used
while still permitting capillary flow of blood through a mass of the treated
particulate absorbent polymer. _

By treatment of an absorbent polymer with a polyether in accordance

15 with the invention one can also improve the feel to the touch of a mass of
absorbent polymer swollen with blood. Many absorbent polymers are very
sticky to the touch when blood is added to a mass of the particles of the
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am nopr opyl ) am ne, met hyl bi s(2-am noet hyl ) am ne, N (2-

anj noet hyl ) pi perazine, 4,7-dinethyltriethylenetetramne and the like. |0
The di carboxylic acids which can be reacted with the foregoing

pol yam nes to form the pol yam de-pol yam ne precursors of the preferred
cationi c pol yngyo és2858i Nns useful herein conprise the saturat e SCHUP5P4%60

C3-C10 di carboxylic acids. Mire preferrgd are those containing from3
to 8 carbon atons, such as malonic, succinic, glutaric, adipic, and so
on, together with 15 diglycolic acid. O these, diglycolic acid and the

saturated aliphatic di carboxylic acids having from4 to 6 carbon atons

in the nol ecul e, nahsdrhent polymercdi isi rointed Qutathat thenvieatmens witththe paiyether

preferred. Bl ends Ghducedthid!stibBhdds, Gihile the trédBfidht AbEsriod Mmaritedy afleticthe bldbd al so
be used, as well as bl ends

f f . th i t.h |
saturated aliphati fEGME%Y &ﬂ"ﬁgﬁ%%;%gpég%ﬁa%fgmg?t%I°§?'§ aﬁ%?fﬁbefglp &Qrg%ra ®c, as

| ong as the resultimaerdabng chain pol yam de- pol yam ne is water- sol ubl e

or at |east watey-di sperppiftaBly, after mixing the dB3SrbeRY pYalginele wih! thdpdlyether
materials prepared fromthe foregoin . ol yam r}ﬁgm?ﬂd %l a%(s)x I hC
acids are reacted \M“E‘W”eﬁlpé’m%r%%@ftﬁ"ﬁ’ﬁmt'é"f"g"r"ﬁggﬁg' et fg}‘fl P neric
am noepi chl or ohydr ipolymes iand tir pélgetherdmikuire. usPrefesably, rat deast ahoup §0%r efatbei ve
hydr ?p?i Idi c megu%lveﬂgﬁ?ﬁneﬁtiﬁﬂg Rlycfidf thixtie Shbud Be irﬁndiea,%églagprréf&?bxy%
7050, U S patent SWodnast prefueitpiiors e S et e sNprogchudesgn the poletlg
Pat ent 3; 332, 901 ( Keixture shoskibecrethaved. 2The fe@dval ofithe sfivenhiantbeamagde by any
incorporated by ref@\aH66s techniques and apparatus used for separating or removing liquids
from liquid-solid mixtures, including evaporation, filtration, washing, or a
combination thereof.
In further preferred embodiments, before, during, or after mixing the
15 absorbent polymer material with the polyether, a polycation capable of bonding
to the absorbent polymer through the electrostatic interaction is added and
mixed with the mixture of the absorbent polymer and the polyether.
Preferably, such mixing is made simultaneously with the mixing step of the
absorbent polymer with the polyether, more preferably, that is conducted under
»  the existence of the above described solvent for the polyethier. As a rfesult, the
polycation bonds to the absorbent polymer. In preferred embodiments, the
above described polycations are used.

. PROCESS FOR MAKING POROUS ABSORBENT MATERIALS OF THE
2 : INVENTION
In fyrther preferred embodiments, the method of producing the
absorbent material having modified surface characteristics comprises the
steps of (a) applying a first surface modification compound onto a portion
of a surface of a water-insoluble, water swellable absorbent polymer,
% . wherein the first surface modification compound has a function for
modifying surface characteristics of the absorbent polymer; (b) swelling the
absorbent polymer by absorbing water; and (c) removing a portion of said
water while maintaining the absorbent polymer in substantially the swollen
state, thereby forming a porous structure in the absorbent material.
35 Preferably, substantially all free water (that is, water which is not bound
chemically with the absorbent polymer) is removed in step (c), thereby
leaving the porous structure substantially dry to the touch. Free water can
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30 ’ An absorbent material of another aspect of the present invention
conpri ses, a positive-charge supplying conpound bonded to the absorbent

pol yner, and a non-ionic hydrophilic conpound bonded to the absorbent

pol yner . In a preferred enbodi nent, the contact angle of bl ood
on a surface ofwessnisdse absorbent material is fromabout 0 dedFE&SP¥Mout
40 degr ee. Any of the above desa@sibed positive-charge supplying
conmpounds can be used. Preferred are the above described pol ycations
whi ch can bond to the absor bent pol yner through the ionic

bond. In this aspect of the invention, the_
include water which is retained within the passageways of the absorbent

material prior to said removal step.

The portion of water removed from the swollen absorbent polymer

can be removed by any means which results in the stable, porous structure.
s Such means can include methods that are well known in the art for the
removal of water from solid or semi-solid materials.

One method of removal of the water is to extract away the moisture
using an extraction solvent which is substantially miscible with water,
which will not readily absorb or solubilize the surface modifying agent,

o which is easily removed from the swollen absorbent polymer by
evaporation (i.e., has a low boiling temperature), and/or which does not
have affinity or substantial reactivity for the absorbent polymer material.

A more preferred process is to use high temperature, high mass
transfer means, such,as high velocity air or gases, or low ambient pressures

15 (such as partial or total vacuums), or any combination of these, to remove
such water directly from the swollen absorbent polymer. Such process is
preferred because the water is removed without the need to introduce other
chemicals or solvents to extract the water. Most preferably, a process will
remove the free water very quickly before the drying particle, and the open

»  passageways therein, have an opportunity to collapse.

Rapid removal of the water from typical hydrogel absorbent
polymer materials, without collapse of the passageways requires special
processing conditions. Without being bound by any theory, it is believed
that the collapse of the particle, more specifically the collapse of inter-

»s  particle passageways in the absorbent polymer, occurs due to the high
capillary retention of water in such passageways as such water is being
removed. Removal of water from the passageway draws the passageway
inward due to the high capillary forces associated with the attraction of the
water to the polymer surfaces. As the last amounts of free water are

x removed from the capillary or passage, the surfaces of the polymer, which
include carboxyl and hydroxyl groups, can become chemically bonded
together; this process is commonly referred to as "hydrogen bonding" .
This phenomenon is commonly encountered in the drying water from
cellulosic fibers and cellulosic structures having small capillaries and/or

ss  fiber diameters. The effect of hydrogen bonding can be demonstrated by
tissue or towel paper, wadding the paper into a ball, and allowing the paper
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non-i oni ¢ hydrophilic conpound can include the above described reactive
hydr ophi I i ¢ conmpound which is capable of chemcally bonding to the
absor bent polymer, as well as the non-reactive hydrophilic conpounds

which are nmerely 5 capable of physically associating to, phyié_;,%%%%mm
connecting to &FO$¥3Scal |y bondi ng to the absorbent pol yner rough
I nternol ecul ar interactions. As used hetk&in, the term "non-reactive"
means a hydrophilic conpound which does not react with the absorbent
pol ymer under the process condition of the present i nvention. In other

wor ds, such hydrophiljc und does npt co i,se any 10. reac{i
functional group t hgtd%aﬁ’%%ﬁﬁ% E%\?@X @ﬁ'f'g B‘%V%Ea $men °{¥?§ uéﬂ%égrg%nt'e\é?

pol ymer under the pipibgdhe drnddiapérdrcomns adight bardensd infletsible stractuegt i oni ¢ gr oups
for the ionic bond to t f'ﬂle?é’ﬁﬁ@fs?éﬁiﬁl dRMgYp¥Beesses for rapidly removing vadtérafomat i ve

preferred enbodi nents., .non-reaciive polyethers ich.are ca | e of
physi cal |y associ at PRl @’%"iﬁ?@g wrhen Peﬁﬁﬁéé‘ﬁ‘ﬂ‘\éﬁt y‘ﬁP“bﬁ?’B"&%l"??%S
bonding to the absopdssagewqys] yameequirkd. outchi proeessesl earulimaludentbet @t inghs can be
used as the non-reagdbémiti Hthit® Bo:l %&&mhhgs?i\omi'né" Higﬁ%mﬁh'v'ﬂdre, counter-
The preferred non-reactive go l}I/et her%yar_e g crl(’jbe. .|51 gr eater.ﬂgetﬁl I,
for exanple, in U SUMgnt OhFOAUTYY eaying, iy j’egt NS, dieiedog & PEIHPYary 26,
1980, which is i ncodrpogafrestedryingf eandncanbirBtions Uiereobn-Sushcprosessepairg et her s
non- Feact i ve | - el OB ‘“3““"82“543 DBl [ GeOgi e, Which Mo 1
- iv ! ) ;
R( C2H40) a( C3H60)'h( (B raied by retexgps; %ﬂk""i‘é’%ﬂ'&é‘é‘ﬁ‘?@m, Moreef Deksper —of
oxyet hyl ene units almd (Arah8. Mujuingdar, Ed.), 1987 (ISBN 0-8247-7606-2), Flash Drying,
Bilgin Kisakurek (pp. 475-499); Microwave and Dielectric Drying, Robert
F. Schiffmann (pp. 327-356), Freeze Drying, Athanasios Liapis (pp. 295-
326); and Applicatign of infrared radiation for drying or particulate
15 materials, Jakobsen & Driscoll (pp. 704-711), Drying '92 (Arun S.
Mujumdar, Ed.), Elsevier Sci. Publ. (ISBN 0-444-89393-8).

It is usually sufficient to remove enough of the free water, rapidly

and without substantial collapse, by such process that minor amounts of
moisture can then be removed without further collapse by conventional

»  drying methods, include air drying, fluid bed drying, and the like.

In still further preferred'embodiments, the method of producing the
absorbent material having modified surface characteristics comprises the steps
of (a) applying a first surface modification compound onto a portion of a
surface of a water-insoluble, water-swellable absorbent polymer, wherein the
= first surface modification compound has a function for modifying surface
characterigiics of the absorbent polymer; (b) swelling the absorbent polymer by
absorbing v"vater; (cl) freezing the swollen absorbent polymer and; (c2)
removing a portion of water from the frozen swollen absorbent polymer, .
thereby forming a porous structure in the absorbent material.

30 In preferred embodiments, the absorbent polymer material as a
precursor can also have a number of shapes and sizes. For example, such
precursor absorbent polymer material can be typically in the form of particles,
sheets, films, cylinders, blocks, fibers, filaments, or other shaped elements.
Preferably, discrete units, more preferably precursor particles of the absorbent

33 polymer are used. In an aiternate preferred embodiment, an absorbent
macrostructure or sheet comprising a multiplicity of interconnected absorbent
particles of the absorbent polymer can be used as the precursor.
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of oxypropyl ene units and where a+c or b can be zero, and Ris a
non-reactive 25 functional group unable to bond chemcally to the

absor bent pol yner under the process condition of the present invention
and is preferably independently selected fromH, HO, gﬁﬁng
and so on. w0 95/22355 The nol ecul ar wei ght of a non- reactlve nguf can
typically be from 200 to 20,000. 30 -25- The non-reactive polyether
can be a pol yoxyet hyl ene polyner, i.e. a pol yet hyl ene gl ycol, in which
case b in the above fornula is zero. Polyethyl ene gl ycols are

ol ecul ar el oht | of {1 ot BT Spgcis, S Vafer of reagfs ol odlod syguce
pol yet her can be a ghetagteristiss obpbserbentpmmmmatmab cam be Gsedfot thefioss\shdfans
glycol, in which caagdificafioh NedniffouRPoVve ﬁr@fe% étﬁhz?eragents mclucPeOld"l%i@ﬂW ene
gl ycol are not soluble | 5\ ter. i Pr ef er 0 ?hngs ol gbsorbem are
those having a nol MPRHNdSOR fPPraYing Ftﬁfﬁbﬁﬁﬂpf“&fyg U@éw °
s polymer materials.
In more preferred embodiments, one of the above described polyethers
including non-reactive polyethers and reactive polyethers can be used as the
 first surface modification compound. Therefore, in an embodiment one of the
reactive polyether is bonded to the surface of the absorbent polymer through a
1 covalent bond, in another embodiment another one of the reactive polyether is
bonded to the surface of the absorbent polymer via an electrostatic interaction,
and yet another embodiment one of the non-reactive polyether is bonded to the
surface of the absorbent polymer via intermolecular interactions, as herein
before described.
15 In another alternate preferred embodiment, one of the above described .
polycations can be used as the first surface modification compound.
In a preferred embodiment, the step of (a) is carried out before the step
of (b) so that the first surface modification compound bonds to at least a
portion of the surface of the absorbent polymer before swelling of the
»  absorbent polymer. The absorbent polymer swells by application of water.
The amount of the applied water is to be at least sufficient to cause the
absorbent polymer to swell by absorbing the water. Preferably, the ratio of the
water to the absorbent polymer will be in the range of from about 1 : 1 to
about 50 : 1, more preferably from about 3 : 1 to about 20 : 1.
2 In a preferred embodiment, the first surface madification compound
(ie. a polygther or a polycation) is dissolved into water to make an aqueous
liquid mixture comprising the water and the first surface modification
compound. The first surface modification compound can be dissolved in the
water by any of various techniques and apparatus used for dissolving materials
% to solutions known in the art. The aqueous liquid mixture can contain an
additional solvent and/or further material, that adversely effect absorbency or
the liquid wettability of the absorbent polymer. For example, the low
molecular weight alcohols such as methanol, ethanol, propanol, or acetone can
be contained in the liquid mixture as well as the first surface modification
3 compound. After preparing the aqueous liquid mlxture the aqueous liquid
mixture is applied onto the absorbent polymer.
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- 12 - The non-reactive pol yether can also be a water-soluble
or.a water- I nsol ubl e pol yoxyet hyl ene- pol yoxypr opyl ene bl ock
copolymer. By a water- sol ubl e non-reactive pol yether is neant one
which is soluble to the extent of nore than 1% in water at 25[err]C,

i .e. a sol ubil ivyegfasgreater than | gramin 100 5 granms of ' wWRCZUSISQLHEO

wat er - sol ubl e pol yoxyet hyl ene- pol yoxypr opyl ege copol yners the wei ght

of the oxyethylene units exceeds about 15% by wei ght of the total
conpound. Preferred polyoxyethyl ene-pol yoxypropyl ene copolyners are
those which are liquid at roomtenperature. Preferred water- sol ubl e
copol ymers are those haviTheaquepus ligyidl mixtupesagibe applierantn the @bsprest pelymer. 000.
In nore preferred empe@huen fiquid RextBRNcah BRGpplicd ]ROyesthRfFbes techriiqies dnd
fromthe group consisti ng of Z non-rgacfl.ve gol%et psyil einqe; %lé'a%% Juﬁh:)ﬁg a
non- reactive PBBRATBFLRRIR LofePRlingsPlutians 1o marfials ncluqing, goating, ’

pol y(oxyet hyl ene-  pounng« droppipgl sprayingcpwizingeconddiBing, or immersing th @gueous

preferred enmbodi nEntiguidfmikdife 66 AR MbsbrBMR PolyRier. FRuRRFOiGRHs liquid mixkier i al
havi Nng a porous struct ltl)re c]oraprl ses.a wate
|

-insol uble. water-
swel | abl e absor bent BbI°§ AP CCTH OMOF%%PF% g?sf)%e"%g%ly‘[“ﬁre onish & h%g1 e
of bl ood on a sbsorkept polymenecombsmibenportient of isameforoa Afdhe absagesyt ee t o
about 40 polymer.

In some preferred embodiments, the first surface modification
1o compound ( i.e. a polyether or a polycation ) is dissolved into an organic
solvent to make an organic solution. The first surface modification compound
can be dissolved in the organic solvent by any of various techniques and
‘apparatus used for dissolving materials to solutions known in the art. The
organic solution is applied onto the portion of the surface of the absorbent

s polymer. _

In an alternative preferred embodiment, the step of (a) is carried out
after the step of (b). More specifically, water ‘or other aqueous solution is first
applied onto a non-swollen absorbent polymer. Afier the swelling of the
absorbent polymer, the first surface modification compound is applied onto the

2  swollen absorbent polymer whereby the first surface modification compound
bonds to the surface of the swollen absorbent polymer.

Upon contacting with the aqueous fiquid mixture or water, the
absorbent polymer starts to swell by absorbing water.  Substantially, most of
the swelling of the absorbent material is conducted during and/or after applying

23 the aqueous liquid mixture or the water onto the absorbent polymer. In
preferred: embodiments, more than about 60%, more preferably more than
about 80%, most preferably more than about 95% of the applied water is to be
absorbed by the swelling of the absorbent polymer. The actual temperature
used for the swelling will vary depending upon the specific polymer materials

w  used herein. Preferred swelling conditions will involve a temperature of from
about -5 °C to 60 °C. More preferably, the swelling is carried out at a
temperature from about -2 °C to 30 °C, most preferably from about 0 °C to 10
°C.

In a preferred embodiment where the reactive polyether is mixed in the

33 aqueous mixture, the reactive polyether is caused to react with the absorbent
polymer. In an embodiment where the reactive polyether includes a plurality
of cationic groups for making the ionic bond the reaction can be carried out at

"




degreée. 20 As used herein, the term "porous structure" neans a

structure formng wal I's surroundi ng and defining cellular voids of
absor bent pol yners when substantially dry. In general a porous
structure of absorbent material can provi de the absorbent nmateri al
with | ow densi tWOS§BEs hi gh specific surface area. UnderPGHYSP¥Yi ¢
observations, walls forned in an absorbent tmterial, 25 for exanple, show
t he sponge-1i ke appearance as shown in Figures 1 and 2, and wal I s of
anot her absorbent material show the mﬁthered | eaf -1i ke appearance as
can be especially seen in Figures 3 an referred

enbodi nents, the abE¥PhlHPe '&r‘f"%ﬁ’%asﬁ%n?%‘“ge’ tﬁﬂbﬁd'ﬂlfﬂbf‘t}%ﬂhe tempgﬁatu,remn about
0.01 g/cc to about ©e feqyiredtto pausé dreathiemichir wondimpo Hor @x&8ple/ ioantembdbimeab out

0.35 glcc, and:mor eykRlE Ablod m@@l?&tﬁnglu&%ophﬂé%ﬁ thbidl Whur o0 2 o6y

In alternatrve preferred e
specific surface ar&mpel group dersmaking the cpyalentriiong, hesting of dhy aquspus auid

about 600 caP/ gnixtaredandothe hsarbent Polyettis kepired ad @ise leffeOiveceidmiral A
oot or oy S AHOIPEREARISHL e F e G
Due to the porous stbsqetentRolyimerisyaaintained incthe range efrfrom abauh §0 £ o about 250
i mproved wettabil it 9Cwhore préferablylfrom abot.80t°Tao labouit Q0O PO.C fin sungd etnbobinieis,
surface) of a catalyst such as Lewis base is preferably used for promoting the reaction

10 between the reactive polyether and the absorbent polymer.

_ In alternative preferred embodiments, the swollen water-insoluble,
water-swellable absorbent polymer can be made directly from polymerizable,
unsaturated, acid-containing monomers using an aqueous solution
polymerization method as described in the WATER-INSOLUBLE WATER-

15 SWELLABLE POLYMER MATERIALS section. Such swollen absorbent
polymer is also used for making porous absorbent materials of the preserit
invention. '

After making the swollen absorbent polymer, the swollen absorbent
polymer is frozen; for example, by applying a refrigeration means.  The

» freezing of the swollen absorbent polymer can be madé by any of various
techniques and apparatus used for freezing materials.  For example, the
swollen absorbent polymer is carried or passed into an externally refrigerated
compartment and retained therein until frozen. Alternatively, the swollen ‘
absorbent polymer can be circulated around a source of refrigeration such as

»  cooling tubes or a bath containing coolant, e.g., liquid nitrogen, dry ice, alcohol
solution, of the like and the frozen slurry collected.

In preferred embodiments, the freezing of the swollen absorbent
polymer is effected by cooling at temperature below about -10°C, more
preferably below about -30°C, for a sufficient time to cause the freezing. If

w _the temperature is too high or the time is too short, the swollen absorbent
polymer will not be completely frozen. Typically, more than about 60%,
preferably more than about 80%, more preferably more than about 95%, most
preferably all by weight of the swollen absorbent polymer is to be frozen.

After the freezing of the swollen absorbent polymer, the portion of the

»s  frozen water contained in the frozen absorbent polymer is removed or dried by
applying a drying means without passing through the liquid state, i.e. the ice is
converted into the gaseous state by maintaining the absorbent polymer below
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-13 - ° t he absorbent material, the liquid distribution and di spersion

of . bl ood and ot her | i qui ds around and through the absorbent materi al
can be inproved. Thus, the absorbent material can swell isotropically
and absorb rapidly the |iquids such as urine and bl ood. A nethod of
determ ni ng thaveesmzasst angle of a sanple is 5 described i'n " PREUSEHI6O
METHODS secti on. In preferred emgodi ments, the absorbent
material further conprises a hydr ophi | i ¢ conmpound for nodifying
surface characteristics of the absorbent pol yner.. Both types of
reactive and non-reactive hydrophilic conpounds whi ch are previously

described can be usahe iges mieking yetepepitirei dn othep wonds, thegresulting ice jn the feozen

preferred embodi mentaBsorbene paliadiSis detTiniel 88 (HRONate® ok Vecarried awy! lgdirged s ar e

used as the non-react, ve t] d&o hilic compo %' pe non o . . i L &hﬁ &4

pol yet hers can be pﬁk’i‘és%/a@ Tx’y é&h&‘? gf"é"d‘% ?ﬁ' ﬂﬁg}%‘? 95 Pl cceoﬁnﬁgge s}{'o

or physical |y bondegenerallylby soljjecting thetfrqzen swallen absotheghpalyrmesiters lew pressure

: : s environment. In preferred embodiments, in order to effect effective rates of
sublimation and removal of water to the vapor phase, the frozen absorbent
polymer is subjected to a subatmospheric pressure environment under which
conditions water sublimates directly from the solid phase to the vapor phase.
Vacuum means for providing such a subatmospheric pressure environment are

1o well known in the art of freeze drying. Typically such subatmospheric pressure
is less than about 5.0 Torr and preferably, less than about 1 Torr. .In preferred
embodiments, more than about 80%, more preferably more than about 90%,
most preferably more than about 97% by weight of the water or ice contained
in the frozen absorbent polymer is to be removed.

18 In a most preferred embodiment, the step of (d) is carried out by drying
the frozen swollen absorbent polymer while maintaining the frozen state of the
frozen absorbent polymer. Therefore, preferably the drying step of the frozen
swollen absorbent polymer is conducted in the same apparatus used for the
refrigeration means.

2 It should be noted that in some embodiments the swollen absorbent
polymer can be directly subjected to a subatmospheric pressure environment
without the pre-freezing. Because of the latent heat of
evaporation/sublimation, the swollen absorbent polymer can become frozen
spontaneously.

2 In:a further preferred embodiment, the step of (a) is carried out after
the step of:(d). More specifically, after making an absorbent polymer material
having a porous structure, the first surface modification compound is applied
onto the porous - absorbent polymer material whereby the first surface
modification compound bonds to the surface of the porous absorbent polymer

3%  material,

In a further preferred embodiment, the method further comprises the

step of (e) applying a second surface modification compound onto a portion of

a surface of the absorbent polymer thereby bonding the second surface
modification compound to the absorbent polymer.  The second surface

3s  modification compound has an additional function for modifying surface
characteristics of the absorbent polymer. The additional function can be the
same function that is provided by the first surface modification compound.
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i nteractions. 15 In alternative preferred enbodi nents, the above
descri bed reactive hydr ophi I i ¢ conpounds are used as the reactive

hydr ophi | i ¢ conmpound. The reactive hydrophilic conmpound can be

chem cally bonded to the absorbent polymer in the absorbent nmaterial.
Any type of chesbestzsionds incl udi ng coval ent bonds and iRFEESOPBINEY
can be fornmed between the reactive hydrophilLhg. 20 conmpound and the

absor bent polymer. For exanple, the coval ent bond generally arises as
a result of the formation of ester, amde (imde), or urethane bonds
by reaction of the functional group of the hydrophilic conmpound with a
carboxyl group of thEBhushtheseme compiupdas the first surface modification sempeund; ¢aa be

preferred enmbodi mentgso ﬁseﬂpa%cﬁfe &eéhdbﬁ.rﬁﬁémxﬁcmwe&ﬁpouaé Tmefb&dﬁmﬂhl I ic
conpound and the absor en

ke 1 TN EAPREON F YK L e 0
herein shoul d have anea¢ttyasrplyenhersand)macnwpmweéxemf cangiei used ssithie setnadisyeace

bond or connectlon b@&m&uﬂoﬁ bsmbmﬂ\aopm Lﬁ&he@%&%@%r&@ﬁe& Biebcdaa beH! of

t | d enb
et fon, o r eaci g abowt esirRUELEHEEdts EERGALIE B e oot SuBlod FoMicrio,
ei ther one of the akompoded theiebydonding thepwndlsu@cchmdgﬁcasmpmmqugd@#pounds

or one of the above ﬂﬁ&%ﬂtbﬁ‘diymnwé QRY @lectrostatic hwéfaeeém i qnvaomwraf&?e&aaw ng
at | east one reactive nctlF hat .al |

Q
of the above doscri DERPAARSHBEE frobsirips mpdificsion ppmpoyad isfrd PO PEPEL E1don
can have a nunbene of a péipgatien, avhile shezsesondFsorfacexaodificationt émenpound is the other one

of the polyether and the polycation. p

~ Ina preferred embodiment, the step of (¢) is carried out before the step
of (b). More specifically, after the application of the first surface modification
compound onto the absorbent polymer, the second surface modification

15 compound is further applied onto the absorbent polymer. Thus, the second
surface modification compound also bonds to the surface of the absorbent
polymer before swelling of the absorbent polymer.

In an alternative preferred embodiment, the step of (e) is carried out
after the step of (b). More specifically, water is first applied onto a non-

2 swollen absorbent polymer. After the swelling of the absorbent polymer, the
second surface modification compound is applied onto the swollen absorbent
polymer whereby the second surface modification compound bonds to the
surface of the swollen absorbent polymer. '

In a further alternative preferred embodiment, the sfep of (e) is carried

25 out after the step of (d). More specifically, after making an absorbent polymer
material having a porous structure, the second surface modification compound
is applied onto the porous absorbent polymer material whereby the second
surface modification compound bonds to the surface of the porous absorbent
polymer material.

30 In still further preferred embodiments, the method of producing the
absorbent material having modified surface characteristics comprises the
steps of (A) making a porous absorbent polymer; and (B) applying a first
surface modification compound onto a surface of the porous absorbent
polymer, wherein the first surface modification compound has a function

35 for modifying surface characteristics of the porous absorbent polymer.

In a preferred embodiment, the step (A) for making a porous
absorbent polymer compnses the steps of; (1) fon formmg a reaction mixture
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absorbent nmaterials are typically in the formof particles, sheets, filns,
cylsi nders, blocks, fibers, filanments, or other shaped elenents. The term
This is the replacenent sheet

14 - "particle" as used herein describes the absorbent “?&ﬁ§' f

t he present WOR@H? on can be forned into granul es, pul verul en %@kﬁm@
spheres, flakes, fibers, aggregates or ad@ronerates, and the size of

t he absorbent materials wll generally range in size from between about
1 mcron to about 2000 microns, 5 nore preferably between about 20 m crons .

to about 1000 m cr On&?mﬁ}glgtpf(gm sub;tgnrgﬁﬁ} " witer-Ssi8fe NERGI PP SRbhARE the

absorbent materials of tf sént - ]
comprising neutralized carboxyl groups, (ii) a substantially water-soluble

internal crosslinking agent capable of reacting with the monomer to form a
absorbent polymer material; and (iii) a substantially water-soluble solvent,

s (2) dispersing a substantially water-insoluble blowing agent in the reaction
mixture to form a dispersion of particles of the blowing agent in the
reaction mixture, (3) expanding the blowing agent particles to form an
expanded structure in the reaction mixture, and (4) reacting the monomer
and the internal crosslinking agent to form a porous absorbent polymer.

10 A preferred process of the steps from (1) to (4) and an additional
preferred process are described in U.S. application Serial No. 08/038,580,
to Dean V. Phan et al, entitled "Superabsorbent Polymer Foam", Case No.
4838, filed March 26, 1993, the disclosure of which is incorporated by
reference. ” |

15 In a preferred embodiment, the step (A) for making a porous absorbent

~ polymer comprises the steps of, (1) forming a reaction mixture comprising (i) a
substantially water-soluble unsaturated monomer comprising neutralized
carboxyl groups, (ii) a substantially water-soluble internal crosslinking agent
capable of reacting with the monomer to form a absorbent polymer material;

» and (iii) a substantially water-soluble solvent, (2) dispersing a substantially
water-insoluble spacing agent in the reaction mixture to form a dispersion of
particles of the spacing agent in the reaction mixture, (3) reacting the monomer
and the internal crosslinking agent to form a absorbent polymer, and (4)
removing the dispersion of particles of the spacing agent from the water-

»  insoluble, water-swellable polymer to form a porous water-insoluble, water-
swellable polymer.

The resulting material of the present invention is an absorbent material
which has surprisingly improved wettability and dispersibility with liquids,
particularly with urine and blood, as compared to that of conventionally

»  derived absorbent material, while maintaining the substantially same absorption

* capacity and liquid retention. Under microscopic observations, the freeze dried
absorbent material is in the form of discrete platelets flakes, or sheets. The
freeze-dried absorbent materials tend to appear as walls surrounding and
defining cellular voids. Macroscopically, it is believed that this morphology

33 results in the sponge-like or porous appearance of the freeze dried absorbent
material. It is also noted that while cells are apparently surrounded by sheet-
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i nvenfion can be forned within a thickness at | east about 0.2 mm The

sheets - w | preferably have a thickness between about 0.5 nm and about
10 mMm typically fromabout 1 nrmto about 3 mm 10 _

WATER- | NSOLUBLE WATER- SWELLABLE POLYMER MATERI ALS T{}ﬁrms”mow
wat er - i nsol ubl e¥RA¥EABSwel | abl e absor bent pol ymers for use in the

present invention are hydrogel-formng. Preferably, the absorbent polyners
suitable for use can be a crosslinked polyelectrolyte. Mre preferably,
the 15 <crosslinked polyelectrolyte can have a nmultiplicity of anionic

functional groups, ., . SuUch as s oni.c acid, iﬁ?! r hoxyl
groups. In preferr el&}(e' I?osee;FMr#La%fss ,the[ ﬂ‘éetgraéggfis%é?e%%?ye e't‘%ﬁlrlg'%y?‘g S
sel ected fromthe gredbit holes gash én genemalyresernble a leaf-lesstiugiuag) pol yacryl at e
sodium a crosslinked ~ polynethacrylate sodium a crosslinked

pol yacryl at e pot assi ' VAPE:1 - a
crosslinked starch g%?&%&t@%@gDﬁd@@g%% @fﬁ#g&fgt ed
pol ymet hacryl at e, s a cr ossTherabsatbend mpterinly laccarding sl the present arfvertibnisgn Pa@w’! at e,
a crosslinked pol yvi f¥inagy 5iRpedes Wlﬁér%qmd@%k‘ U THOR ekathylé, The absorbentGhférfals nked
car boxy nethyl cellul osge, adc ossl. L nked cel I,nggs% lg,r af%ed . . pol é’laCERQ ate,
and a crosslinked cefAMYou¥ glf”éf’?cé‘ﬂ'gn‘éq%‘befsyl & CeH8Y evwes’.wg‘b% s
preferred crossli nkedevizehbulretreatmbnttdevices; éomexdbange galumn mmna}mpmszwm@,
unsaturated, acid- Coph@ial;grieTHARIRr Rortitiitital A6kl RICR'IE s8ed sheets BE atte t he

ol efinically unsaturated acids and anhydrides ich contain at |east

one carbon to carbon™inEYs MAEn 3pf H‘gﬂ%ﬂﬂ.“sﬁtﬁ“\éw%sp@ﬂp ok gt {&g\yztflp&%gents,

nononer s materials for the prevention of dew formation, desiccants, and humidity control
materials.

D

Because of the unique absorbent properties of the absorbent materials
of the present invengion, they are especially suitable for use as absorbent cores
15 in absorbent articles, especially disposable absorbent articles. As used herein,
the term "absorbent article” refers to articles which absorb and contain body
exudates and more specifically refers to articles which are placed against or in -
proximity to the body of the wearer to absorb and contain the various exudates
discharged from the body. Additionally, “disposable” absorbent articles are
»  those which are intended to be discarded after a single use (i.e., the original
absorbent article in its whole is not intended to be laundered or otherwise
restored or reused as an absorbent article, although certain materials or all of
the absorbent article can be recycled, reused, or composted).
In general, an absorbent article comprises: (a) a liquid pervious topsheet
= which is located adjacent to the wearer's body; (b) a liquid impervious
backshee_t;which is located distant from the wearer's body and adjacent to the
wearer's ciothing; and (c) an absorbent core positioned between the topsheet
and the backsheet. The absorbent core comprises at least one of the above
described absorbent materials. Preferably, the absorbent core further
»  comprises a substrate web attached to the absorbent material.  Alternatively,
the absorbent core further comprises an envelope web encasing the absorbent
material. In more preferred embodiments, the absorbent material in the
absorbent core has a basis weight of from about 60 g/m2 to about 1500 g/m2,
more preferably from about 100 g/m2 to about 1000 g/m2, most preferably
1 from about 150 g/m? to about 500 g/m2 of the absorbent material.
In some preferred embodiments, the absorbent core can further
comprise fibers or fluff pulp (fibrous or fiber material), more specifically, non-
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can be selected from ol efinical | y unsaturated car boxylic acids and acid 30

anhydri des, olefinically unsaturated sulfonic acids,

and m xtures thereof

Some non-aci d nononers can al so be included, usually in mnor anmount s,
in preparing the crosslinked polyelectrolyte herein. Such non-acid

nononers can i nwiowere23ss or exanpl e,

no 35 carboxylic or sulfonic acid groups at all. Optional non-acid

nonomers can t

hus

functional groups:

_15_
These non-aci d

15

33

i ncl ude nononers containing the foll ow ng types of

carboxylic acid or sulfonic acjd esfers, p dr oxyl
groups, am de- groupgbsogpﬁ\hgellmg fibers. Such fiber material can be used as rein

gr oup smenibeidstin the aBsorbEnt card dmfitoring Mokl handiingwiithenosa las well esips .

cmg

a co-absorbent with the absorbent polymers. Preferably, the absorbent core
includes from about 20% to about 90% by weight of the absorbent material
and from about 80% to about 10% by weight of such non-absorbent-gelling
fiber material distributed within the absorbent material.

Any type of fiber material which is suitable for use in conventional
absorbent products can be used in the absorbent core herein. Specific
examples of such fiber material include cellulose fibers, modified cellulose
fibers, rayon, polypropylene, and polyester fibers such as polyethylene
terephthalate (DACRON), hydrophilic nylon (HYDROFIL), and the like.
Examples of other fiber materials for use in the. present invention in addition to
some already discussed are hydrophilized hydrophobic fibers, such as
surfactant-treated orssilica-treated thermoplastic fibers derived, for example,
from polyolefins such as polyethylene or polypropylene, polyacrylics,
polyamides, polystyrenes, polyurethanes and the like. In fact, hydrophilized
hydrophobic fibers which are in and of themselves not very absorbent and
which, therefore, do not provide webs.of sufficient absorbent capacity to be
useful in conventional absorbent structures, are suitable for use in the absorbent
core by virtue of their good wicking properties. This is because, in the
absorbent core herein, the wicking propensity of the fibers is as important, if
not more important, than the absorbent capacity of the fiber material itself due
to the high rate of fluid uptake and lack of gel blocking properties of the

absorbent core. Synthetic fibers are generally preferred for use herein as the

fiber component of the absorbent core. Most preferred are polyolefin fibers,
preferably-polyethylene fibers.

Other cellulosic fiber materials which can be useful in certain absorbent
cores herein are chemically stifféned cellulosic fibers. Preferred chemically
stiffened cellulosic fibers are the stiffened, twisted, curled cellulosic fibers
which can be produced by internally crosslinking cellulose fibers with a
crosslinking agent. Suitable stiffened, twisted, curled cellulose fibers useful as
the hydrophilic fiber material herein are described in greater detail in U.S.
Patent 4,888,093 (Dean et al), issued December 19, 1989; U.S. Patent
4,889,595 (Herron et al), issued December 26, 1989; U.S. Patent 4,889,596
(Schoggen et al), issued December 26, 1989; U.S. Patent 4,889,597 (Bourbon
et al), issued December 26, 1989; and U.S. Patent 4,898,647 (Moore et al),
issued February 6, 1990, all of which are incorporated by reference.

t he wat er-sol ubl e or water-%fr"'é‘ﬁn”ﬁ?’gwﬁ(fe

esters of the acid-containing nononers, as melLl as nononmers which contain
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nononers are well-known materials and are described in greater detail, for
exarrpl e, in US. Patent 4,076,663 (Masuda et al), issued February 28, 1978,
and in U S Patent 4,062,817 (Wsternan), issued Decenber 13, 1977, both of
5 which are incorporat ed by reference. Aefinic

unsat ur at ed caMOMEBE acid and carboxylic acid anhydride QHMS”’OMO

I nclude the acrylic acids typified by acrylisd-acid itself, nethacrylic
acid, ethacrylic acid, a-chloroacrylic acid, a-cyanoacrylic acid,

b- met hyl acrylic acid (crotonic acid), a- phenyl acryl ic acid,

b-acryl oxypropi oni ¢ acid, sofDbi cid, 10.a-c Cld
acid, cinnamc acid, p- cﬁI‘HF{? qcﬂﬂal?;ﬂﬁli"ee“é(?f ﬁw dbsposﬂgrQé ai’%‘frg ALLic CJ?F%“‘Q
itaconic acid, -citr dtsmse(t:haem .the vees ddiapertrefers o, grm’cla(gzncreﬂy worn bacmfmts

aconi tic acid, maleifq aﬁb&l neachﬁmohwaﬂs%&. sarthem@rhws@asﬂﬁrweaml eAc
aci d anhydri de. O efi %yf nsaj ur af ed .oni ¢ aci.g rmnogrers | ncl ude

al i phatic or ar onat iPEeRrTes) fiiapes oo attgelfe& asqianer £OMDTifing 2v, apsorhept Sereds
allyl 15 sul foni ¢ adestribed gepktatly inddS. Batkdt@3860,003 i(Buelh)dissiey Jawmarysi4l 1915, c

S o TS T AL e b e

met hacryl ate, 2- hydrdispgsagle
2-acryl am de- 2- met hyl)prisspech Februbfyo08,c 1989; dU.S. Patent 4,695,278P(kdveson) dissued

crossl i nked pol yel eQih@hghieal Ologfo S pib PERFOR! (oA Rlled OaRANE! N

car boxy groups. The

d
acrylonitrile gr#ft 1@5%&“§ﬁfﬁ$ P at?ﬁ‘&ﬁtlﬁhp?%/(ﬁ;@{!ﬁ éli)t ?%dsslea‘reE‘He’a@r WHekrile

graft  copol ynerof whitharesificorpdryted by eeférencgr af t copol yners, partially
neutralized starch- ﬁ{méi Pl%fe?t%ﬁ Urdb@nkntCHARL HiTFSsble S9N hfile Y4 BY!

acetate-acrylic ester -copo
. catamenial product Preferred catamenial products comprise a formed-film,

apertured topsheet,as disclosed in U.S. Patent 4,285,343 (McNair), issued
15 August 25, 1981; U.S. Patent 4,608,047 (Mattingly), issued August 26, 1986;
and U.S. Patent 4,687,478 (Van Tilburg), issued August 18, 1987, all of which
are incorporated by reference.
Preferred catamenial products can comprise wings, side flaps, and other
structures and elements, as described in co-pending, commonly-assigned U.S.
»  application serial No. 984,071, to Yasuko Morita, entitled "Absorbent Article
Having Elasticized Side Flaps", Attorney Docket No. JA-09RM, filed
November 30, 1992, incorporated herein by reference.
It should be understood, however, that the present invention is also
_applicable to other absorbent articles known commercially by other names,
s such as incontinent briefs, adult incontinent products, training pants, diaper
inserts, faglal tissues, paper towels, and the like.

ARTIFICIAL BLOOD PREPARATION

To prepare the specific artificial blood used in the test methods of the
%  present invention, 3 grams of Gastric mucin is dissolved in 460 ml of phosphate
buffer saline solution of pH 7.2. After heating the resulting solution at 50-
80°C for about 2.5 hoﬁrs, 2.0 ml of 8% lactic acid is applied to the resulting
solution. The resulting solution is mixed with an equal volume of a fresh,
sterile defibrinated sheep blood, as a result, the resultant mixture is obtained as

35 the blood used in the test methods.

TEST METHODS
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hydrolyzed acrylonitrile or acrylani de copol yners, slightly network
crosslinked 25 polyners of any of the foregoing copolyners, partially

neutralized polyacrylic acid, and slightly network crosslinked

pol ymers of partially neutralized pol yacrylic acid. These polyners
can be used ei tygbsatsely or in the formof a m xt ur e ofPCAESo¥NPor o
di fferent polyners. Exanples of these pol yngy. materials are discl osed
in US. Patent 3,661,875, U S. Patent 4,076,663, U S. 30 Patent 4,093, 776,
U S. Patent 4,666,983, and U S. Patent 4,734, 478. . Most

preferred crosslinked polyelectrolyte for use in the invention are
slightly network crosslifaked Qootaghhngle Measpeantentall | y neutral i zed pol yacrylic

aci ds and starch d&ﬁ hﬁé@ltbht‘(t%térﬂ?fs%gﬁsed M)e?JsorIBrc‘éﬁﬁﬁ %l%ant (&thﬁt 5-8%)

crosslinked pol yel e f rom ahout

ctrol bo
pref erabl y about 75°ft£r ’F a?"fizg‘an s Qa“gi e 14, haEentA ks“é’P%'% ‘ﬂff&da"do
pol yacrylic acid (icampressédat §84i kgziam?c ko farme A ssbeeg | dopsisting of ﬁnem)r;pressed

s absorbent material. Upon supplying a drop of the blood onto the surface of the
sheet, the contact angle defined by the blood drop and the surface of the sheet
is measured simultaneously by a contact angle meter (type: CA-A, obtained
from Kyowa Kaimen Kagaku Co., Ltd., Tokyo) equipped with a camera. The
measurement is conducted under standard laboratory conditions at about 23°C

1w (73°F).

B.  Specific Surface Area Measurement .
~ After the absorbent material is totally dried with a vacuum oven at 50°C
for 24-40 hours, the specific surface area is measured using the Brunauer-
Emmet-Teller (BET)gas absorption method. This method involves absorbing
15 a monolayer of a gas (Krypton) on a known mass of an absorbent material
sample at liquid nitrogen temperature. The absorbed Krypton is then desorbed
by raising the temperature of the sample (thermal desorption) and detected by a
thermal conductivity detector (TCD) whose output is connected to an
integrating recorder. The peak area of the desorbed Krypton is thus known.
»  The specific equipment used for these measurements is Belsorp 36 obtained
from Nippon Bel KK. 0.5-1.5 Grams + 0.005 grams of absorbent material
sample is weighed into the sample cell of the apparatus. The cell containing the
sample is then placed into the gas flow of the instrument. The samples are
outgassed with a 30 mi/min Helium flow to remove any gases other than
2 Helium from the sample, typically a minimum of 4 hours. After outgassing, the
gas flow is changed to a specific Krypton-Helium gas mixture. The sample cell
is immersed in liquid Nitrogen and allowed to reach equilibrium. An
absorption curve is generated. The absorbed Krypton is then desorbed by
removing the liquid Nitrogen and immersing the vial in warm tap water. The
»  absorbed Krypton generates a desorption curve and a peak value. The specific
surface area is obtained from BET plot.
C. Bulk density measurement
After the absorbent material is totally dried with a vacuum oven at 50°C
for 24 hours, the sample is packed in a 10 ml graduated cylinder. During the
13 packing, the graduated cylinder is kept at the table without being tapped. The
weight of the packed sample is measured and the bulk density is obtained by
dividing the measured sample weight by the sample volume (10 ml).
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- 16 *- As descri bed above, the crosslinked polyelectrolyte are
pol ymer materials that are slightly network cross |inked. Network
crosslinking serves to render the polyner materials water-insoluble
and, in part, determnes the absorptive capacity and extractab

pol ynmer cont enwodsardsgteri stics of the 5 absorbent materi al .Pﬁ"ﬁ?«?@y’ég for
networ k crosslinking the polyners and typi-cal network crosslinking
agents are described in greater detail in the her ei nbef ore-ref erenced
U S. Patent 4,076, 663. The crosslinked polyelectrolyte particles
can be forned in any ~conventional_manner. Typical and preferred
processes for produci ng Phe | &bwrksaey Timeddeasyepettect rol yte are described in
U.S. Patent Re. 32,649 ( BR&/GHmMEHF absorbért matdriabis phicedinio a Béri disBaad 5 ol Sf

Pat ent 4, 666,983 (T ' t. o1 ]S - 19, : : .
Pat ent 4, 625, 001 (TE'{‘J%%@%}%O&'S %_H'?d ilostﬁﬁg%orbem ‘@\Q/réa}rbe'lrﬂeg\ﬁ%uﬂgggngﬁﬁ of
whi ch are i ncor por atéth ®ysPatulactocmaiatain the contact of hesplsorbent msterialwith ghe

form ng the crossliakifdiapelopd! eCTHeOliné Sequired frotR diSappéarance Of ahy diquidugous

sol ution or ot her sgéc%jﬁde?q%&%ké&g%%ﬁﬁégn net hods. As described in the
. Pate : )

above-referenced U. ., aqueous sol ution
pol yneri zation i nvol ves the use of an aqueous reaction mxture to carry out

pol ynerization to formthe crosspREGERSPR PARECLEEYARMPLENE aqueous _
reaction . mxture is tien subiecled: (9.R9) ¥ TRAQ! LR o GHs P ©
o partially neutralized acrylic acid having a 75 mol% portion thereof neutralized -

with caustic soda, 0.037 grams of N,N'-methylene-bis-acrylamide, and 60

grams of water. The aqueous monomer solution is fed into the reaction vessel,

which is subsequently purged with nitrogen gas to remove the remaining
entrapped air fromsthe reaction system. Then, the mixture was stirred and
15 heated to about 45°C, and a solution of 0.23 grams of 2,2'-azo-bis-(2-
amidinopropane)-dihydrochloride in 1 gram of water is added thereto as a
polymerization initiator.  Polymerization begins about 15 minutes after the
addition of the polymerization initiator. With the progress of the
polymerization, the aqueous monomer solution gives rise to a soft water-
»  containing gel. The inner temperature of the reaction system is kept at 80 -
90°C for hours to further complete the polymerization. A swollen gel polymer
is formed. This swollen gel polymer is itself used in later Examples.
The resultant swollen gel polymer thus obtained is spread on a standard
#50 size metal gauge and dried with a hot air at 150°C. The dried particles are
2 pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve. As
a result, dry white precursor particles of absorbent polymer are obtained.

EXAMPLE 1

30 100 Grams of precursor particles made in accordance with the
* Precursor Particle Example are placed into a 5 quart standing kitchen-type
mixer. The precursor particles have a particle size such that the precursor
particles pass through a standard #20 sieve (850 microns) and are retained on a
standard #100 sieve (150 microns). A solution is prepared consisting of 2

35 grams of reactive polyethylene glycol (molecular weight 680) having a bromide
terminal group, dissolved into 20 grams of hexamethylphosphoric triamide
(HMPT). The solution is sprayed onto the entire precursor particles with a
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20 produce in the mxture, substantially water-insoluble, slightly network

croosslinked polynmer material. More specifically, the aqueous

sol ution pol ymerization nethod for produci ng the crosslinked

pol yel ectrol yte conprises t he preparation of an aqueous re

m xture in whi OWOPH28%rry out polynerization to formthe 25 dggﬁﬁ%éﬁbumo
crosslinked pol yel ectrolyte. One el enent of -8uch a reaction mxture is

the aci d group-containing nononer nmaterial which will formthe "backbone"
of t he crosslinked polyelectrolyte to be produced. The reaction m xture

il |1 b t ht. of, t
Vn\iateri al . generino%/hg% ﬁ@ﬂgn%’gﬁlg‘ﬂ 3 H@Z%?fémrwzlé%{ SS'??'% g?u:%g r’%:)rilses a
network 30 crossl i nlapan). abfersolutiostspraydd antaths praciisorpastinlest whilesthé mixef is

form ng the cr 05§Aéraﬂiﬁ%ﬂt Q%X?Ae&%mbaﬁdﬁ FaBorfl @Shinlife ] el ﬁhtllrﬁli'r%sﬁﬂtﬁl | in
t he above-referenced and

4,6 3,
U S. Patent 4,625, oo%rfaces °f1*h% PFROYTRRS Ra’E?‘B*s%'Flcﬁkﬁeﬁg”'ﬁ‘gﬁ‘ﬁt” i’ 2%8?@1 %y be
present in the aqueospsaying has beentcompleted xthe néxtune osimeapmmorqianfclesm raised at

0.001 nol e percent tgeqfael sgee%lsseﬁml%efopgtﬁeﬁ rQ@ecsegA.g& thB Eniking proce®] e Of

nononer present int e rgueo ? }J t.0 _about 20 arts by
wei ght, based on 100'FEFFEEIGHY thei rgixture of wgk prepirs iHauyaingd) at abpusy
radi cal initiator int3UW tograusecthe ecacting! polyether to chemically bond onto the particulate

absorbent polymer effectively. The resultant absorbent polymer is washed

10 with 200 grams of methanol and then is spread on a standard #50 size metal
gauge and dried with a hot air at 80°C. The dried particles are pulverized with
a hgmmer type crusher and sifted with a standard #20 sieve (850 microns) to
obtain particles that pass through the standard #20 sieve. As a result, dry
white particles of the absorbent material are obtained. The contact angle of

15 blood on the absorbent material is less than about 10 degree. Even after
washing with methanol, the contact angle is not affected significantly.  The
absorbency time is about 85 seconds.

EXAMPLE 2
2 A solution is prepared consisting of 2 grams of non-reactive
polyethylene glycol (molecular weight 600), 1 gram of polyallylamine and 100
grams of methanol. The solution is applied to 100 grams of precursor particles
made in accordance with the Precursor Particle Example. . The precursor
particles have a particle size such that the precursor particles pass through a
s standard #20 sieve (850 microns) and are retained on a standard #100 sieve
(150 miquns). The mixture is thoroughly mixed with a stirring spatula until
all of the })recursor particles are wetted with the above solution.  After the
methanol included in the resultant mixture is evaporated by a rotary
evaporator, the resultant product is vacuum dried at 40°C to obtain the
» absorbent material. The dried absorbent material is pulverized with a hammer
type crusher and sifted with a standard #20 sieve (850 microns) to obtain
particles that pass-through the standard #20 sieve. As a result, dry white
particles of the absorbent material are obtained. The contact angle of blood on
the surface of the absorbent material is less than about 10 degree. The
35 absorbency time is about 60 seconds.

I
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- 17-- per oxygen conmpounds such as sodi um potassium and ammoni um
persul f ates, caprylyl peroxide, benzoyl peroxide, hydrogen

per oxi de, cunene hydr oper oxi des, tertiary butyl diperphthal ate,
tertiary butyl perbenzoate, sodi um peracetate, sodium percarbonate,
and the |ike. w@densssptional -5 conponents of the aqueous reZEHUSHHP®: ure
conprise the various non-acidic co- nononeY- materials including esters
of the essential unsaturated acidic functi onal group-containing
nononers or ot her co-nononers containing no carboxylic or sulfonic acid
functionalities at all. . . The aqueous reaction mxtyre is

subj ected to pol yneri zat i Gppicenigacting math1winepfiectesuiing BHftifleL Pgﬂie ghsorbedduce
in the mxture substﬁa&hal becoit@t Mterdonfisthedb kontaneoushb 3@ rforfita macrostructure

hydr ogel - f or m ng, %%htl thﬁprk §rossllnked pol ymer materi al s. The
pol yneri zati on condi BICLIEdGF S ussed in nore detail in the three
above-referenced patents. Such polynerization conditions generally involve

heating (thermal activation techniques) tExAMPRETEri zation tenperature
from A solution is prepared consisting of 2 grams of a reactive polyether and
- 100 grams of methanol. The reactive polyether is a product of low molecular
weight (about 189) polyethyleneimine with ethylene oxide to achieve about 15
ethoxylate repeat units (TEPA-E|5) at the active hydrogen sites. The solution
10 is applied to 100 grams of precursor particles made in accordance with the
Precursor Particle Example. The precursor particles have a particle size such
that the precursor particles pass through a standard #20 sieve (850 microns)
and are retained on a standard #100 sieve (150 microns). The mixture is
thoroughly mixed with a stirring spatula until all of the precursor particies are
15 wetted with the above solution. After the methanol included in the resultant
mixture is evaporated by a rotary evaporator, the resultant product is vacuum
dried at 40°C to obtain the absorbent material. The dried absorbent material is
pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve. As
2  a resuit, dry white particles of the absorbent material "are obtained.  The
contact angle of blood on the absorbent material is less than about 10 degree.
The absorbency time is about 80 seconds.

EXAMPLE 4
25 A solution is prepared consisting of 2 grams of polyethylene glycol
(molecular weight 600), 3.3 grams of Kymene Plus (30% resin active), and
1,500 grams of distilled water. The polyethylene glycol is 2 weight parts and
the Kymene Plus is 1 weight part for 100 weight parts of precursor particles of
the absorbent polymer. The solution is applied to 100 grams of precursor
». particles made in accordance with the Precursor Particle Example.  The
precursor particles have a particle size such that the precursor particles pass
through a standard #20 sieve (850 microns) and are retained on a standard
#100 sieve (150 microns). = The mixture is thoroughly mixed with a stirring
spatula until all of the precursor particles are contacted with the above
»s  solution. Upon contacting with the solution, the absorbent polymer starts to
swell by absorbing the water included in the solution. Mixing temperature is
about 2 °C. The resulting swollen absorbent polymer is then freeze dried using
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15 about O[err]C to about 100[err]C, nore preferably fromabout 5 err]Cto
about 40[err]C Pol ynmeri zati on conditions under which the aqueous
reaction mxture is mai nt ai ned can al so include, for exanple,

subj ecting the reaction m xture, or portions thereof, to any

conventi onal f oggegtzsso! yneri zation activating [ rrad| at'i grRCE/US9SI01060
Radi oactive, electronic, ultraviolet, or elggtromagnetic radiation 20 are
alternative conventional polynerization techniques. The resulting

pol ymeri zation product is a swollen water-insoluble hydrogel. The swollen
wat er -i nsol ubl e hydrogel is used in sone pref erredyprocesses f or maki ng

por ous absor bent nag &eezngsdrimg dpprratibsailblediomTOKYO RIKAKIKAI CO., #D.qci d

functional groups ofrok§ pqh\éWolléWE&Hb%ts Jl%&'eig lhtPoéub&i o sﬁﬂwﬁ@u&ys
reaction mxture areﬁb re erg %qgneutrall

carried out in any &8 'H‘rPo{ce ?ezmteﬁeéfégﬁ??"é’“%%mpeﬁ h’g%?fag’%gtut 25
mol e percent, a0RC. m)'rl‘he firoeére atsbibentapolyreersis théno placgDinnthefrgsee dofing  of

the total wnogﬁfarae&g 458 whafh SfeiobSyP QlbHBRon BB b Ihculf GabRgt d

gr oup- cont ai ni ng

one neutraLze wth a,s
cation. Such salt- f81°ﬁ1nﬁ§' 30+h°céfﬁﬂcﬂ§’§° %I%ﬂ'a fso?“q\é")f'é?f: path aﬁ’ﬂ?&?ﬁ’ tﬁ%et aI s,
ammoni um substi t ut eshsizamand snﬁad with a standard 20 sizve 8 50i mictoms)td abtairf partities

detai|l in the aboveyj @B% e Stand 1’;\& ieve. A% reddit, &ty whlte partlcles of
VWile it is preferreg 8@ € GrosSs 3 yelectrol tég i
manuf act ured usi ng % S'EPS’“?ST"HH'BI? Bene aEqMATt 3P sb°9dt of hey) so
35 possible to wcarefsyltamwsotblea maénalrsricsxd’tanat_mutpbdegras U‘bp abporbendyttimephase
pol ymeri zation procgsgegs it MBSHHET natfifl @ 9bot 6 dedbnds ™| FleQecific surface

pol ymeri zati on ] 2 .
area of the resultant absorbent material is about 1200 cm</g. The bulk density
of the resultant absorbent material is about 0.1 gram/cc.

»
s EXAMPLE 5
An aqueous solution is prepared consisting of 2 grams of polyethylene
glycol (molecular weight 600), 3.3 grams of Kymene (30% resin active), and
1,200 grams of distilled water. The polyethylene glycol is 2 weight parts and
the Kymene Plus is 1 weight part for 100 weight parts of the absorbent
»  polymer. The solution is sprayed onto the swollen gel polymer made before
drying in accordance with the Precursor Particle Example and mixed together.
The resulting mixture is then freeze dried using the freezing drying apparatus.
The mixture of absorbent polymer is introduced into stainless trays which are
then placed in a freezer at an effective cooling temperature of about -20°C.
3 The frozen absorbent polymer is then placed in the freeze drying apparatus and
the water'is removed by sublimation under a' vacuum of about 0.05 Torr. The
dried absorbent material is pulverized with a hammer type crusher and sifted
with a standard #20 sieve (850 microns) to obtain particles that pass through
the standard #20 sieve. As a result, dry white particles of the absorbent
%  material are obtained. The contact angle of blood on the resultant absorbent
material is less than about 10 degree. The absorbent time of the resultant
absorbent material is about 10 seconds.  The specific surface area of the
resultant absorbent material is about 1500 cm2/g. The bulk density of the
resultant absorbent material is about 0.1 gram/cc.
35
EXAMPLE 6

Sheet Has Been Re; laced

Hll\l\\\lll\\\\\l\l\\ -



or inverse suspension polynerization procedures. In the inverse enul sion
pal yneri zati on or inverse suspension polynerization procedures, the agueous
reaction m xture as herei nbefore described is suspended in the formof tiny
droplets in a matrix of a water-inmm scible, inert organic solvent such as
cycl ohexane. TReoogrndst ant crosslinked pol yel ectrol yte are gerRGTAISPS/01060

spherical 5 in shape. Inverse suspension_polynerization procedures are
described in . greater detail in U S. Patent 4,340,706 ((Qbaysashi et
al), issued July 20, 1982, U S. Patent 4,506,052 (Flesher et al),

I ssued March 19, 1985, and U.S. Patent 4,735,987 (Morita et al),

i ssued April 5, 1988, al |Arodquebisciolgie is prepargbceansistinggf 2 grams of the reactive
polyether (TEPA-E{5) and 1000 grams of distilled water.  The reactive
polyether was 2 weight parts for 100 weight parts of the absorbent polymer.
The solution is sprayed onto 100 grams of the precursor particles made in

s accordance with the Precursor Particle Example and mixed together. The
precursor particles absorb water from the solution and begin to swell. The
resulting swollen mixture is then freeze dried using the freezing drying
apparatus. The mixture of absorbent polymer is introduced into stainless trays
which are then placed in a freezer at an effective cooling temperature of about -

1o 20°C for about 5 hours. The frozen absorbent polymer is then placed in the
freeze drying apparatus and substantially all the water is .removed by
sublimation under 2 vacuum of about 0.05 Torr. The dried absorbent material
is pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve. As

15 a result, dry white particles of the absorbent material are obtained. The
contact angle of blood on the resultant absorbent material is less than about 10
degree. The absorbency time of the resultant absorbent material is about 11
seconds. The specific surface area of the resultant absorbent material is about
1500 cm2/g. The bulk dens:ty of the resultant absorbent material is about 0.1

»  gram/cc. '

EXAMPLE 7

1,500 grams of distilled water is applied to 100 grams of precursor

particles made in accordance with the Precursor Particle Example.  The

13 precursor particles have a particle size such that the precursor particles pass
through-a,_standard #20 sieve (850 microns) and are retained on a standard
#100 sieve (150 microns). The mixture is thoroughly mixed with a stirring
spatula until all of the precursor particles are contacted with the above
solution. Upon contacting with the solution, the absorbent polymer starts to

»  swell by absorbing the water included in the solution. Mixing temperature is
about 2 °C. The resulting swollen absorbent polymer is then freeze dried using

a freezing drying apparatus (available from TOKYOQ RIKAKIKAI CO., LTD.,
Tokyo). The swollen absorbent polymer is introduced into stainless trays
which are then placed in a freezer at an effective cooling temperature of about -

35 20°C for about 5 hours. The frozen absorbent polymer is then placed in the
freeze drying apparatus and substantially all the water is removed by
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referénce. 10 Preferred crosslinked polyel ectrolyte of the present

I nvention are those whi ch exhibit a high absorptive capacity.
Absorptive capacity refers to the capacity of a given polyner naterial
to absorb liquids with which it comes into contact. Absorptive

capacity can vawgesamss ficantly with the nature of the I|iqui d FCTUSOHRIORY,
absorbed and wth the manner in which the li.quid contacts the polyner 15
material. For purposes of this invention, Absorptive Capacity is defined in
terms of the amount of Synthetic Urine (as hereinafter defined) absorbed by
any given polyner material in ternms of grans of Synthetic Uri e ram of
pol ymer material in gtbiimadenjunder RevaspymiefeabonePifieliorn fh ﬂeé'gf ‘f% @

section. Preferred cpaficlby mmb@@bmlnﬁe&ﬁpdrybaaméd t he present i nvention are
20 those which have an t|v 2
ag\S S fhe leg Iaél%rb%(n l)gjn%taan Bfr'l ﬂltwm

nor e preferably at I ne per cglr am
of pol ymer mat eAi a¢|ut10ry[!ﬁ oedprred eansistingl Phek snwepf aa spo}yﬁthv e gly
crosslinked pol yekecihalbaid® weight 6dmr:3gﬁnh@a/|ﬁ>l>anywm%m smegr@apaﬁnkghamﬂ from

about 20 grans to abi‘Heso?&m%%ﬁrgd%ﬁ mgqtha;'lgsk elthem- xéeri?thBqu ﬂ?ﬂ{ﬁeﬂf

pol ymer material . crossl ectrolyte
are preferably fornedstiriogspatula untiall g&theatperbyn@olm@pmales Wt"fF“Pﬁ@“@é

prf)pelrt ies, | thi s neegpdvet sohftiohhe Aiﬁ&ethe metharﬁpﬁncﬁiﬂadWh @he FeIRartt rmixcké ik ed
pol yel ectrolyte can conp rls a starch-ac C

whi | e other crosslinRE® Bﬁﬁ | é‘crtofw ﬁagor@!m @‘8 nﬁ?mtgrﬁ prgd“% B ‘;alc'mﬁ(ahm{
networ k crosslinked B61G nerobtzin ther alisatbent materialal | Thel dpetl ypheorbent emmab 18 30
Further, the crossli plQetiARe Wil £RihRtyiyfe ERbheY ARY si¥ed WithCa StBRFARE #20 sieve

absorptive (850 microns) to obtain particles that pass through the standard #20 sieve. As
_a result, dry white particles of the absorbent material are obtained. ~ The
contact angle of bleod on the absorbent material is less than about 10 degree.
15 The absorbency time is about 6 seconds. The specific surface area of the
resultant absorbent material is about 1200 cm2/g.  The bulk density of the
resultant absorbent material is about 0.1 gram/cc.

,-
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capacity, or any other property or characte_riﬁeti a. LD paeef erred

enbodi nent of the present invention, Tp Bret pol yel ectrol yte
consi st essentially of slightly networ E \tﬂ pol yners of
partially neutralized polyacrylic acid, nked .

pol yel ectrol yt e WR¥2&#Ssi i | ar properties. 35 PROCEESTHSEIOR| NG
ABSORBENT MATERI ALS OF THE i1 | NVENTI ON

19 - | n yet another aspect of the invention, the nethod of
produci ng the  WhBtEchisned ismt eri al conprises the steps of (A) applying an
anount of a reactive hydr ophi I i ¢ conpound onto a water-insol ubl e,

wat er - swel | abl e pol ynef angn absorbent material having modified surface characteristics,

characterized in that it comprises:

a water-insoluble, water-swellable polymer; and

a reactive hydrophilic compound chemically bonded to said water-
insoluble, water-swellable polymer;

wherein the contact angle of blood on a surface of said absorbent
material is from O degree to 40 degree. |

2. The absorbent material of Claim 1 characterized in that said reactive
hydrophilic compound is selected from the group consisting of a positive-
charge supplying compound, preferably having a plurality of positive-charged
groups, a non-ionic reactive hydrophilic compound having at least one
functional group, prefer%bly a polyether, and combinations thereof.

3. The absorbent material Claim 2 characterized in that said reactive
polyether comprises a backbone and a reactive terminal functional group
bonded to said backbone, said backbone is selected from the group consisting

. of a polyethylene glycol, a polypropylene glycol, and a poly(oxyethylene-
oxypropylene) copolymer, and said reactive terminal functional group is
selected from the group consisting of an’ epoxy group, an amino group, and a
halogen group. |

4. An absorbent material . having modified surface characteristics,
characterized in that is comprises: :

a wa@l;-'insoluble, water-swellable polymer;

a positive-charge supplying compound bonded to the said water-
insoluble, water-swellable polymer, said positive-charge supplying compound
preferably having a polycation having a plurality of positive-charged groups;
and

a non-ionic hydrophilic compound bonded to said water-insoluble,
water-swellable polymer, said non-ionic hydrophilic compound preferably being
a non-reactive polyether.

5. The abﬁorbent material of Claim 4 characterized in that the contact
angle of blood on a surface of said absorbent material is from 0 degree to 40
degree. '
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(B) reacting the reactiveThinSiecBasi ¢(pound with the water-insoluble, 5
wat er - swel | abl e pol yner to act angle of blood on a surface of
t he absorbent material fro e to about 40 degree.

In still anothe of the invention, the method of producj
5%69%@%:&% k?ﬂg%ﬁgmm

absorbent materi rises the steps of (a) applying an anoun

reactive pol yether onto a water-insol A e, water-swellable absorbent
pol ymer, wherein 10:- tlle reactive polyether is reagtjve with.the sor bent
pol yner: and (b) 'eactﬂ?g‘i’”%e“f H‘é‘eﬁéle? P?X/@Icﬂﬂmét‘?lgr‘:}’W‘i‘ﬂ‘%@‘gﬁs% bent
pol ynmer; thereby falycationisis¢iected frorabe@rduprronsising of 6l) potymers leiing ptitmary

absor bent pol yner aﬂgyilgﬂa,p?agj poiffdrd Weving se&ﬂéﬁftﬁgﬁﬁ;bg%rﬁggéﬁ?j Ip)g}ymng?ed

t hereto. . eferred enbodi ts, X ]

material as a 15 h4yi8cls apune ﬁ'é\?@s'aa'?‘?gmei’dﬂf'e’% HEMBE Htemary, fQune
exanpl e, such pr egroagsor absorbent polyner material can be typically in
the formof particles, sheets, films, cylinders, blocks, fibers,

filaments, or other s ed e] ements. Preferably, di s¢grete unifs, nore
preferably precur5or gﬂ?‘tﬂgﬁ‘? ‘B'Iatef‘ﬁ'é’féb\é@&gé‘ 13ebyrharactenzed inthat qdoy |
an al ternate prefwateriiseutiedvatendwellzhie pdigmerbis at crosslinked tpolyelectralytersakl) sheet
conprising a nultLRld:o liw e ¥R | ind Ne
absor bent pol ynerérggshﬁggbggg agﬁ‘%&ggggﬁgggggrﬁ% mﬂ?erérb&% ﬁ&s@é erred
enbodi ments of t hef prreslinked;polyaciiatssodiym, a grosslinked polymeshaceyiase SPduBA o1 i bed
reacti ve pol yet he¢rasstilikedpolyacrylacapdtassiuin atchsssiinked pbigmethacrylate(pokassiem, can be
applied onto the su f sfaniﬁ b r Lal
reactive pol yet he?sér%%ﬁmﬁeg appli g/ g%“g’?i‘égﬁ 5%&%%%@%@258%?@
polymethacrylate, a crosslinked polyvinyl alcohol grafted polyactylate, a
crosslinked polyvinyl alcohol grafted polymethacrylate, a crosslinked carboxy
methyl cellulose, a crosslinked cellulose grafted polyacrylate, and a crosslinked

cellulose grafted methagrylate.

8. . An absorbent article comprising: (a) a liquid pervious topsheet; (b) a

_liquid impervious backsheet; and (c) an absorbent core positioned between said
* topsheet and said backsheet, said absorbent core characterized in that it

comprises at least one porous absorbent material of any of Claims 1 to 7.

9. A method for making an absorbent material having modified surface
characteristics, characterized in that it comprises the steps of.
" . (A) applying an amount of a reactive hydrophilic compound,
'-'i:iefétably a reactive polyether, onto a water-insoluble, water-swellable
*-polymer; and, |
(B) reacting said reactive hydrophilic compound with said water-
insoluble, water-swellable polymer to provide a contact angle of blood on a
surface of said absorbent material from 0 degree to 40 degree.
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apparatus used for applying materials to the other materials including

coating, dunpi ng, dropping, condensing, spraying, or imersing the
reactive pol yet her onto the absorbent polyner nmaterial. As used
herein, the term"applied onto" means that the reactive polyether wll
be on at | east ?)a%ortlon of the surface 30 area of the absordgpiseddiboemer
material . Pref¥® ‘the reactive polyether is applied onto all of

t he surface of the absorbent polyner material. In a preferred
enbodi nent, the reactive polyether is corpyapd with the absor

pol ymer, and the two conponents are m xed, preferably thor Ot lsrheymasBem Re
m xed, using any of a nunber of m xing technl ques and appar

35 various mxers, sprayers, or kneaders, as are known in t m;m,,n,mmw
After the reactive polyether has been applied onto the absorb

pol yner, the reactive polyether is caused to react with the absorbent
pol yner. . - 20 -




In an enbodi ment where the reactive polyether includes a plurality of
cationic groups for making the ionic bond, the reaction can be carried
out at room tenperature, whereas in another. enbodi ment a hi gher
tenperature will be required to cause the chem cal bonding. For
exanple, in an enbodi nent where 5 . the reactive. pol yet her i”%k%%@%m%mo

hal ogen term nwos§2238p or a epoxy term nal group for naking the

coval ent bond, heating of the reactive polyether and the absor bent

polymer is required to cause effective c Lal bonding. Preferably,

the tenperature of the reactive polyether and the absor beRhis een Beplaced
mai ntai ned in the range of from about 60[err]C to about 25
preferably 10 from about 80[err]C to about 200[err]C. In S,

a catal yst such as Lew s base is preferably used for pronoting the
reaction betweenthe reactive pol yet her and t he absorbent pol yner.

In a preferred enbodi nent, the reactive polyether is dissolved in a
solvent prior to addition of the polyether to the absorbent polyner
Preferably, 15 the solvent is an organic solvent, nore preferably a polar

or gani ¢ sol vent. Non-limting exanples of a preferred solvent for the .
reactive pol yether - I ncl udes: water; the | ow nol ecul ar wei ght al cohol s
such as net hanol, ethanol, or propanol ; acetone;

di met hyl f or mam de( DMF) ; di net hyl sul f oxi de( DVSO) ; hexyl met hyl phosphori c

triamde (HWPT); and m
wat er and one of the

xtures thereof Preferred 20  solvent are m xtures.of

ik

Fig. 2



Preferably, the ratio of one of such organic solvents and water used herein
S about from98:2 to 60:40, noré preferably from 90:10 to 80: 20.

Non- pol ar sol vents such-as hexane, toluene, xylene, and benzene can be

used as the solvent for the reactive polyether. 25 The liquid

m xture includi ngelyle,see! Yet her and the solvent is applied onto the
absorbent polyner material by any of various techni ques and PCT/B9RAiozh US
used for applying solutions to materials including coating, dunping,

pouri ng, dropping, spraying, atom zing, chQea§ing, or i

m xture onto the absorbent polyner. 30 The amount of ) g%hﬁr od
which is sufficient to effect an enhancenent of the megk i

absor bent pol yner by blood (i.e. the "bl ood wet-out" ofi B H H

pol ymer) can vary on a nunber of factors such as the ch

t he absorbent polyner and its physical form e.qg. particle size of the

absorbent polyner, and the type and nol ecul ar wei ght of 35 the polyether
used in the treatnent, as well as on the nmethod of applying the

pol yether. In general, for a given absorbent polyner, increasing anounts of -
pol yether are required as the nol ecul ar wei ght of the polyether used

I ncreases.




-21 ¢ Excessive anounts of the polyether or polyether m xture should
be avoi ded because the extra polyether that is not associated to the
absor bent pol yner can inhibit the flow of the applied blood in the
particul at e absorbent polymer by bl ocking the capillary channels forned
in the particul ate absorbent polyner, 5 and for the econom GdrRAsOM0se t | S
hi ghl y preferr@@”?ﬁﬁ?wthe bl ood be able to percol ate easily through the
capillaries or spaces between the particles and therefore these
capillaries or spaces should not be bl ocded 4innecessarily b

| by t he excess
pol yet her . Enpl oyi ng the absorbent polynmers d piac
Patent 3,661,875, 10 U S. Patent 4,076,663, U S. Patent 4 ﬂ
Pat ent 4, 666,983, 1% by wei ght of any type of reactive

gl ycol having an average nol ecul ar wei ght of about 600 based on the
wei ght of absorbent pol yners while anmounts this polyether, when m xed
directly with the absorbent pol yners. : For this sanme reactive

pol yet hyl ene gl ycol, an anpbunt above about 20% 15 should not be used to
avoi d produci ng an unsatisfactory ointnent-1ike or pasty




m Xture. The hi gher nol ecul ar WEI ght normal ly solid, reactive poly#esgratve

glycols gre ,,uc 4sed in greater anounts by weight than
t he ﬁ‘? :‘E:%f (f
anount of =/~

For nost absorbent naterials the
wei ght o

requ red will be | ess than about 15% by
when the direct nethod of -mixing with

4

t he abso“b*?n ‘F‘é)syéd In a preferred

enbodi mep t“h’ga?ﬁ xt lRageQ)(@ tiaepagedcti e pol ypropyl ene gl ycols and the
reactive poI y(oxyet hyl ene- oxypropyl eng) copolynmers w || general ly be
used i n hAnDulEsOBf RECERLMAN..1%.1 0 about 20% by wei ght, 25 dependi ng on
their nolecul'ar wWerght and thne marure of the absorbent pol yner. The
copol ymers, having gene i“mﬁhm FEREALY AAVIRGINODIFIEIS BURFACERl One
tend to require use i stantla ano %to
about 10% by wei g {:Wéké%ggsb‘éﬂ]? '%T E%&Mﬁﬁ%gy nt of

t he pol yet her required will be dependent to sone extent on the chem cal
type and physica] 30 formof the absorbent polyner being treated. In-
certain cases anmounts of pol yet her ulp to about 30% by wei ght of the
absor bent pol ymer can be used ng capillary flow of

bl ood through a mass of Tﬁwptesaatmdennon rejatest td:ubairﬁembmmhdntwmiwmn

By treatment of an mﬁpﬁrﬁg}n@ls%?& %&.{? ?&dg?’g{lﬂ@{ Is”il Séii® ﬂ?ﬂ% suth

with the invention gne, ca rove e touc mass of
absor bent pol yner shitidse Meferspegifi B‘hﬁmfﬁﬂﬁb@@f‘%@h{dww rAbparbent Mategials
sticky to the tawuchhavirgn nvdified sutfacéldehdracteritiosds Such dbserbemr maedrials hdvet he

improved absorption characteristics with fiquids. The present jnvention has
particular applicability to absorbent articles such as diapers, adult incontinence
pads, sanitary napkins, and the like. The invention also relates to processes for
producing such materials and to absorbent articles containing such materials.
15
BACKGROUND OF THE INVENTION

Water-insoluble, water-swellable, hydrogel-forming absorbent polymers
are capable of absorbing large quantities of liquids such as water, blood, body
exudates (e.g., urine, menstrual fluid), industrial fluids and household fluids and

x are further capable of retaining such absorbed liquids under moderate
pressures. The abéorption characteristics of such polymer materials make them
especially useful for incorporation into absorbent articles such as diapers,
sanitary napkms tampons, and the like. -

In general, conventional absorbent polymer materials have good or

= required absorption characteristics to water and urine; however, there still
remains poor distribution and dispersion with certain liquids. In particular, they
have poor absorption characteristics for certain liquids, specifically for blood or
menstrual fluid. More specifically, upon contacting blood or menstrual fluid,
absorbent polymer materials do not show enough absorption characteristics,

1 especially the rate of blood absorption due to their poor distribution and
dispersion of blood.

Such poor distribution and dispersion of blood is mainly caused by poor
wettability with blood. In general, ability of the distribution and dispersion of
blood can be evaluated by measuring the contact angle of blood on the surface

35 of absorbent polynier material. Since contact angles of conventional absorbent
polymer materials are in the range of from about 30 degree to about 90 degree
"or more, desired wettability with blood cannot be obtained whereby the poor

This is the replacement sheet
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-22 - absorbent polyner. It is pointed out that the treatnment with
the pol yet her reduces this stickiness, while the treatnent does not
mar kedly affect the bl ood retention value and the rate of bl ood
absorption of an absorbent polymer (or material). 5 Preferably,
after m xing the absorbent polymer with the polyether m xture, a
portion of the solvent is renoved fromthe_ juxture of the absorbent

pol ymer and the polyether m xture, Preferably, at |east about 60% of the
solvent included in the polyether m xture should be renoved, nore
preferably 90% nost preferably nore than 97% of the solvent included -
i n the pol yet her l@istributiéruasd siispersion f Blesdo wedcauséd in e ubsorteht tphlymenl| vent

can be made by any jaierials.
One attempt to improve such absorption characteristics is disclosed in
U.S. Patent 4,190,563 (Rosley et al.), issued February 20, 1980, wherein the
s wettability with blood is improved by surface treatment of particulate absorbent
polymer materials using polyethers. The disclosed absorbent polymer
materials can be effectively wetted with blood; however; the distribution and
disp'ersiori of the blood into and among the absorbent polymer materials is not
fully improved because of their high resistance to liquid flow within the
10 polymer materials due to lack of capillary or liquid transport channels, and
' insufficient specific surface area of the polymer materials. Therefore, the
‘absorption characteristics with blood is not satisfactory and there remains a
need to improve further the distribution and dispersion of blood through and
among absorbent polymer materials.
15 In addition, since the polyether are just coated or physically bonded on
the surface of absorbent polymer materials, such polyether can be washed away
- from the absorbent polymer materials by succeeding application of liquids.
Consequently, there remains a need for further improvements in such
absorbent materials.
20 Therefore, one object of the present invention is to provide an
absorbent material which has improved absorption characteristics with liquids.
Another object of the present invention is to improve distribution and
dispersion of liquids in an absorbent material.
Yet another object of the present invention is to improve the rate of
25 absorption of an absorbent material, especially for blood.
Still:another object of the present invention is to provide an absorbent
material which is not affected by succeeding application of liquids.
Yet another object of the present invention is to provide a method for
making such absorbent materials.
30 Still another object of the present invention is to provide absorbent
disposable articles, such as diapers, sanitary napkins, tampons, and the like,
which have improved absorption characteristics with body exudates.

SUMMARY OF THE INVENTION
s Briefly stated, the present invention relates to absorbent materials
having modified surface characteristics. In an aspect, an absorbent material
comprises a  water-insoluble, water-swellable polymer; and a reactive
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of various techniques and apparatus used for separating or renoving |iquids
fromliquid-solid mxtures, including evaporation, filtration, washing, or
a combi nati on t hereof. In further preferred enbodi nents,
before, during, or after mxing the 15 absorbent polyner material with the
pol yet her, a pol ycati on capabl e of bondi ng to the absorbent pol yner
through the electrostatic interaction is added and m xed with the

m xture of the absorbent polyner and the pofyether. ~  Preferably, such

m xing i s made sinultaneously with the mxing step of the absor bent
polymer with the polyether, nore preferably, that is conducted under 20

the existence of thaurghMiee coMpoiIndDerbnflY ChindE@ tol e RédkerShddfisble, Abatér-
result, the pol‘x(ighll on.bonds, to, t‘ge absor bept Egl ﬁger I n ;)ref rred
embodi ments, the SWEZpl§RONRAIVREER e cpRIaE gf Blogd Ap a surface SS FOR
MAKI NG POROUS ABSORiBRIEnt\MAtERI S fRnOEboLHE dgree to about 40 degree.

| NVENTI ON | Th Idéiﬂep‘if.epreli?t;?ﬁ E&nﬁ%mﬁ&nﬂggﬂaﬁdg&éﬁ Wﬁ&ﬁﬁ%&&

produci ng- t he absor.bem) mat a] g SUyr .
char act eri sti cs®conpter-iisgluplse water-gyellable o rpofymer pp| prsitivescharges sugplyingce
nmodi fi cati on conpouordpamnt boadedas theowater-insakible veaterésweltabdd palymer) sid a4 nams| ubl e,

wat er swel | abl e abftﬁg.bﬁgﬁsmgﬂ*&’u gaé{q?ouﬁ&) bohl & the! P?t;)I:-inrsa[:blé,u{v;éﬁgwellable

nodi fication conpoun on for nod ng surface
characteristics of PP®eapsorbent pol yner: (b) swelling the absor bent

pol ymer by absorbi ng waThe praaat incentib rfaither Orelatdd Otot arD absvkbentiiatticle. The
10w absorbent article comprises (a) a liquid pervious topsheet; (b) a liquid
impervious backsheet; and (c) an absorbent core positioned between the
topsheet and the backsheet. The absorbent core comprises at least one
absorbent material of the present invention. :
The present invention further relates to methods for making absorbent
15 materials having modified surface characteristics. In yet another aspect of the
invention, the method of producing the absorbent material comprises the steps
of (A) applying an amount of a reactive hydrophilic compound onto a water-
insoluble, water-swellable polymer; and (B) reacting the reactive hydrophilic
compound with the water-insoluble, water-sweliable polymer to provide a
»  contact angle of blood on a surface of the absorbent material from about 0
degree to about 40 degree.
In a further aspect of the invention, an absorbent material is produced
by (a) applying an amount of a reactive polyether which is reactive with a
-water-insoluble, water-swellable polymer onto the water-insoluble, water-
s swellable polymer; and (b) reacting the reactive polyether with the water-
insoluble,* water-swellable polymer; thereby forming the absorbent material
comprising the water-insoluble, water-swellable polymer having the reactive
_polyether chemically bonded thereto.

% BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a scanning electronic micrograph (magnification 250X) of a
section of an absorbent material of one embodiment of the present invention,
FIG. 2 is an enlarged portion (magnification 1000X) of the absorbent
material shown in FIG. 1. '
3 FIG. 3 is a scanning electronic micrograph (magnification 250X) of a

section of an absorbent material of another embodiment of the present
invention. '
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wat er while maintaining the absorbent polyner in substantially the swollen
state, thereby form ng a porous structure in the absorbent material. 35
Preferably, substantially all free water (that is, water which is not bound
chemcally with the absorbent polyner) is renoved in step (c), thereby
| eavi ng the porous structure substantially dry to the touch. Free water can

- 23 - i nclude water which is retained within the passageways of the
absor bent material prior to said renoval step. ' The portion
of water renoved fromthe swoll en absorbent polyner can be renoved by

any neans which results in the stable, porous structure. 5 Such means can
i nclude methods that ar #1@e4lis ki eittirged pbition dmagrificatibin S00X) of the absorbent

material shown in FIG. 3.

DETAILED DESCRIPTION OF ABSORBENT MATERIALS OF THE
s ‘INVENTION
Absorbent materials of the present invention are capable of absorbing
large quantities of liquids such as water, blood, body exudates (e. g., urine or
menstrual fluid), industrial fluids and household fluids and are capable of
retaining such liquids under moderate pressure. Typically, the porous
w  absorbent materials of the present invention will swell generally isotropically
and absorb rapidly the liquids. . '
Absorbent materials of the present invention comprise a water-
insoluble, water-swellable polymer capable of absorbing large qixantities of
liquids. (Such absorBent polymer is commonly referred to as a hydrogel,
15 hydrocolloid, superabsorbent polymer.) The absorbent materials preferably
comprise substantially water-insoluble, water-swellable absorbent polymers.
The specific absorbent polymers for use in the present invention will be
described in detail hereinafter.
Absorbent materials of the present invention further comprise a
»  hydrophilic compound having a function for modifying surface characteristics
of the absorbent materials. A variety of hydrophilic compounds that have such
surface modifying functions will be described hereinafter in detail. The term
“surface characteristic" herein used means that a physical characteristic at a
surface of a material when contacting with liquids. For example, the wettability
s of liquids and the contact angle of liquids on a surface of the absorbent material
are included in such surface characteristics. The term “modify" herein used
means that to change the characteristics, or to increase or decrease the degree
of the characteristics.
An absorbent material of one aspect of the present invention comprises
»  a reactive hydrophilic compound chemically bonded to the absorbent polymer,
wherein the contact angle of blood on a surface of the absorbent material is
from about 0 degree to about 40 degree.
It should be noted that in this aspect of the invention the porous
absorbent material can be used to absorb a variety of liquids, non-limiting
s examples of which include water, blood, body exudates, industrial fluids
" and household fluids. To describe the characteristic of the improved
porous absorbent material, blood has been selected as a representative
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renoval of water fromsolid or seni-solid materials. . One net hod
of renoval of the water is to extract away the noisture usi ng an
‘extraction solvent which is substantially nmiscible with water, whi ch
will not readily absorb or solubilize the surface nodifying agent, 10

which is easily renmoved from the swollen absorbent polynmer by

evaporation (i.e., has a | ow boiling tenperature), and/or which does not
have affinity or substantial reactivity for the absorbent polynmer nmaterial.
A nore preferred process is to use high tenperature, high nass transfer
means, suchas high velocity air or gases, or |ow anbient pressures 15 .
(such as partial orliquigtrateRakcan perdus absorbent matsrisli iy agcopdanes With ieasped r enpve
such water direct!| Yoffth@mvérdion witdlekiabit eeSspedifed chagicieritics vithchblogd acthgs i s

preferred because tt%eorp/a‘}@ri igir enoved wi thout the need to introduce other
chemical s or sol verfP&P% “3(?}“ F™ he water. Most pr ef er abl a process wl |

* " : U] y <13
renove the free water veksyusediherdin, theftenms "renctiva} yneaps pchydrophilic cempounde open
20 passageways ¢ hekliticanteace with tRO&RbEM dolynie? ufidér thdprdcess condition of the Rapi d

removal of the water fromtypica drogel abspr - (o] : i als,
wi t hout coll apse ofprfﬁgto‘%%‘g‘.gﬁ‘e\Aﬁ&ém?reﬁﬁlg?‘esé’a% B%qggéh“'c com‘;r%)’l’I 3%@_@?‘5\%} 4
condi tions. W t houtlesstongyrepesiveduristionah groupdhbat gan,jundercthe pracessegndition, dom ¢ he
col  apse of the parg cglafent BEHECwWRR RWe AUs6deAtYpdlyiferCof bffdttite Rimbdr oI catichic

part o e Passa0Eh g Sy B B Sty SRS e el
renoved. Renovalwe of intggacion.f rom t he passageway draws the passageway o

The wettability with liquids such as urine and blood can be defined in
terms of contact angles and the surface tension of the liquids and solids
involved. This is discussed in detail in the American Chemical Society
Publication entitled ,"Contact Angle, Wettability, and Adhesion" edited by

s Robert F. Gould and copyrighted in 1964, which is incorporated by reference.

The term “"blood" used herein should be understood in general. A
typical example of content of "normal blood" is disclosed in a paper written by
H. Nagorski et al. and entitled "SUPERABSORBENT POLYMERS IN
FEMININE HYGIENE APPLICATIONS" in the American publication named

» "THE NEW NOWOVENS WORLD" (pp. 101-106; Fall, 1992), which is
incorporated herein by reference.

In more preferred embodiments, the reactive hydrophilic compound has
at least one reactive functional group capable of forming a chemical bond
between the hydrophilic compound and the water-insoluble, water-swellable

»s  absorbent polymer. The reactive hydrophilic compound can be chemically
bonded tg'gthe absorbent polymer in the absorbent material. Any type of
chemical bonds including covalent bonds and ionic bonds can be formed
between the reactive hydrophilic compound and the absorbent polymer.

Such chemical bonds must be strong enough to prevent the reactive

w  hydrophilic compound on the surface of the absorbent material from being
washed away by succeeding application of liquids (e.g., solvent, urine,
menstrual fluid, etc.). In a preferred embodiment, a covalent bond or an ionic
bond can be formed as one of such chemical bonds. For example, the covalent
bond generally arises as a result of the formation of ester, amide (imide), or

35 urethane bonds by reaction of the functional group of the hydrophilic
compound with a carboxyl group of the absorbent polymer.
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i nward due to the hi gh capillary forces associated with the attracti on of

the water to the polyner surfaces. As the |ast amounts of free water
are 30 renoved fromthe capillary or passage, the surfaces of the polyner,
whi ch i ncl ude carboxyl and hydroxyl groups, can becone chemcally
bonded together; this process is commonly referred to as "hydrogen
bondi ng" Thi s phenonenon is comonly eneeuntered in the drying water
from cellulosic fibers and cellulosic structures having snal

capillaries and/or 35 fiber dianeters The effect of hydrogen bondi ng can
be denpnstrated by B%ssue fo‘; . ¥ve d pape eﬁ’t\?ddl ;\ can o rg T bleg}’gma
bal |, and al | owing the phfgpeof the preterred embodirnents, a spacer P
-24 - t o dry thé paropdilicicompoursilant the dbedebeny polymer, ad fatmyaschemicabhondsi ng
forced heat between the hydrophilic compound and the absorbent polymer. The spacer in

use herein should have at least one atom, capable of making such chemical

s bond or connection between the hydrophilic compound and the absorbent

material. '

In more preferred embodiments of the present invention, the
hydrophilic compound can be either a positive-charge supplying compound or a
non-ionic hydrophilic compound having at least one reactive functional group.

10 A preferred non-ionic. hydrophilic compound comprises a reactive
polyether having at least one Teactive functional group capable of forming a
chemical bond onto the surface of the absorbent polymer through a covalent
bond or an ionic bond.

In preferred embodiments, the reactive polyether capable of forming a

15 covalent bond to the absorbent polymer will have at least one reactive
functional group as the terminal group, which has the repeat units of
oxyethylene or oxypropylene, and/or a mixture thereof. The functional group
of the reactive polyether can be any chemical group reactive with the absorbent
polymer, such as a halogen group, a carboxyl group, an amino group, or an

»  €poxy group. _

The preferred reactive polyethers are described in greater detail
hereinafter. The backbone of the reactive polyether can be expressed by the
following formula:

X(C2H40)a(C3H60)b(C2H40)cY

s where at least one of X and Y is a reactive functional group capable of bonding
to the absobent polymer, i.e. a halogen group, a carboxyl group, an epoxy
group and so on, and where a+c represents the total number of oxyethylene
units and b the number of oxypropylene units, and where a+c or b can be zero.
X and Y can be either the same functional group or different functional groups.

3 The molecular weight of the reactive polyethers can typically be from
200 to 20,000.

The reactive polyether can be a polyoxyethylene polymer having at least
one reactive functional group, i.e. a polyethylene glycol terminating with a
functional group, in which case b in the above formula is zero. Reactive

s polyethylene glycol derivatives are water-soluble.  Preferred reactive
polyethylene glycol derivatives are those having a molecular weight of from
200 to 3,000.
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drying, the dried paper becones a tight, hardened inflexible structure.
‘Therefore, special drying processes for rapidly renoving water from

typi cal hydrogel absorbent polynmer materials, wi thout collapse of the 5
passageways, is required. Such processes can include, but are not
necessarily limted to: vacuumflash drying; high tenperature, counter-
current or co-current air drying; fluid bed drying; dielectric or infrared
drying; freeze drying; and conbinations thereof Such processes are
described in the follow ng references, the disclosures of which are 10

I ncor porated by reference: Handbook of Industrial Drying, Mrcel Dekker

| _nf?- ~(Arun E Mlij undar , THedreactivé PBetheSEN Be 8 odKroXfidopylone polynsdn haviyg fag,
31y K sakour ok (il 58 UBGORIRYRGE, ] SLERL ool .
326); and Appl i cat tepningting with & fungtionatigratip.dn whish cgse/atiegn she abave formulatie 15
T s el e, ISy St g e |
Usual 1y Suffi b b Ve EFRFIEd R OB RUe liof SRR Aty fhege having,
Wi t hout subst ant i amotsoularapeight of fromufdR tpA88@ss t hat mi nor amounts of
ryi ng methods, T nolude o i pORtthen dth giBbe G iapBRLR o  RuEnmam: 20
St urcner pPoveSpOAencdtbmpYene Mok ol piiuac PlSdlibl
absorbent mat eri al rdactivierpglyether isimmdntsanefwhich is heluble tasthe extepsofonens thandds t he
steps of (a) appkaterd 23°¢,ikeS4 sohiiffti 6EgrERE? fhaf R ok inC BRI oORALEr. 8
portion of a .

In water-soluble polyoxyethylene-polyoxypropylene copolymers the weight of

the oxyethylene units exceeds about 15% by weight of the total compound.

Preferred polyoxyethylene-polyoxypropylene copolymers are those which are

liquid at room temperature. Preferred water-soluble copolymers are those

15 having a molecular weight of from 1,000 to 4,000.

In more preferred embodiments, the reactive polyether is selected from
the group consisting of a reactive polyethylene glycol (PEG), a reactive
polypropylene glycol, and a reactive poly(oxyethylene-oxypropylene)
copolymer.

2 In alternative and preferred embodiments, a positive-charge supplying
compound can be used as the reactive hydrophilic compound chemically
bonded to the absorbent polymer. The positive-charge supplying compound
can supply the absorbent polymer with a positive-charge thereby forming an
ionic bond between the absorbent polymer and the positive-charge supplying

2 compoun('l“_' _

In further alternative and more preferred embodiments, a polycation can
be used as the positive-charge supplying compound chemically bonded to the
absorbent polymer.  The polycation is a polymer having more than one
positively-charged group capable of forming an ionic bond to the absorbent

% polymer. In preferred embodiments, the polycation preferably used is selected
from the group consisting of (1) polymers having primary amine groups (e.g.
polyvinylamine, polyallyl amine); (2) polymers having secondary amine groups
(e.g. polyethyleneimine); (3) polymers having tertiary amine groups (e.g. poly
N, N-dimethylalky! amine); and (4) polymers having quaternary amine groups

33 (e.g. polydiallyl dimethyl ammonium chloride).
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surface of a water-insoluble, water-swellable absorbent pol ymer, wherein
the 25 first surface nodification conpound has a function for nodifying

surface characteristics of the absorbent polyner, (b) swelling the
absor bent pol yner by absorbing water, (cl) freezing the swollen

absor bent pol yner and; (c2) renoving a portion of water fromthe frozen
swol | en absor bent pol yner, thereby forngng a porous structure in the
absorbent material. 30 In preferred enbodi nents, the absorbent
polynmer material as a precursor can al so have a nunber of shapes and

si zes. For exanple, such precursor absorbent polymer material can be

typically in the form oMgarpréfedresispolycatiors Faraise ,is i palgmminey havingeprimarplonck s,

fibers, filanments, : el SHeRt 5. of e : hiSCT
units, nore prefer a;giong.&rpgicm'rﬁg?r%ggrét I cl e,sascffdytaltﬁyelggg;s’o{’%g*ﬁy]Bégmﬁégoﬁ/rgrer are
used. In an alter 3&“‘8?%‘? @5 a@olsBYIEnsiAt . an absor bent

macrostructure or sheet Isofipthesi mgrea prefetredd| embddimenks, i at grolysativac thasing
SPZSLPEI; Par tighéfiyiftle fepat ARSI oKy pRBYIIEFepER ulis HAYL Gsid!4iothe
positive-charge supplying compound. For example, an ethoxylated or a
propoxylated product of an amino compound that has oxyethylene units,
oxypropylene units or both units thereof can also be used as the polycation to
form ionic bonds to the absorbent polymer. The oxyethylene or oxypropylene

10 units of such polycation can have the same formula as described above.
Amino compounds useful in the present invention will be described in detail
hereinafter. '

Most preferred polycation for use is a cationic amino-epichlorohydrin
adduct which is therreaction product between epichlorohydrin and a amino

s compound such as a monomeric or polymeric amine so that the resulting
reaction product has at least two cationic functional groups. These adducts
can be in the form of monomeric compounds (e.g., the reaction product of
epichlorohydrin and ethylene diamine), or can be in polymeric form (e.g., the
reaction product between epichlorohydrin, and polyamide-polyamines or

»  polyethyleneimines). The polymeric versions of these cationic amino-
epichlorohydrin adducts are typically referred to as "resins.”

One type of amino compounds which can be used for making the
ethoxylated or propoxylated product, and can be reacted with epichlorohydrin -
to form adducts useful in the present invention comprises monomeric di-, tri-

» and higher amines having primary or secondary amino groups in their
structures. s Examples of useful diamines of this type include bis-2-aminoethyl
ether, N,N-dimethylethylenediamine, piperazine, and ethylenediamine.
Examples of useful triamines of this type include N-aminoethyl piperazine, and
dialkylene triamines such as diethylenetriamine, and dipropylenetriamine.

] Such amine materials are reacted with epichlorohydrin to form the
cationic amino-epichlorohydrin adducts useful as reactive hydrophilic
compound herein. Preparation of these adducts, as well as a more complete
description of the adducts themselves, can be found in U.S. Patent 4,310,593
(Gross), issued January 12, 1982, and in Ross et al, J. Organic Chemistry, Vol.

3 29, pp. 824-826 (1964). Both of these documents are incorporated by

_reference. I "
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- 25 - In preferred enbodi nents, a variety of reagents for
nodi fyi ng surface characteristics of absorbent polynmer nmaterials can be
used for the first surface nodi ficati on conpound. Preferably, such
reagents include chem cal conpounds for inproving distribution and

di spersion of liquids in absgrbent 5 polynmer materials. In
nore preferred enbodi nents, one of the above described pol yethers

i ncl udi ng non-reactive polyethers and reactive pol yethers can be used as

t he first surface nodification conpound. Therefore, in an enbodi nent
one of the reactive polyether is bonded to the surface of the absorbent
pol ymer through a 10 Cm/aidﬂilfonbwdmoh&na{wtdhﬁﬁesenﬁaﬁhmtarﬁmt lsech case of

h |
bolyrmer vi & an el @PUELyBesimingy Sty b udel os Wt yA0E Qneblify MABEGMy
of the non-reacti vaesiablpanting crepoynd whithtcan bheeaﬂed withrepichloreltydsimto f5®or bent

pol ymer via i ntermﬂr&’sﬂd%atidﬂceb ﬁ:bn%\%dd&? Héﬁﬁsﬁ'uﬁeﬁ:l herEﬁf riteSeertained. 15
| n anot her al ternat eygre er[

pol ycati ons can *be PQSATEPO ya@"\e avegﬁpwapegvaﬁfgﬁp? P 51‘7%8%\/%8 tSICfﬁ‘%ﬂ‘bép
In a preferred enmbdhOrdicarboxylie acids pEpithl¢rehydrin/polyamidsepalyamine-gdducts pfithisst ep
of (b) so that the ydd &b watérisalable Mebnidstfihg SdtioRR ORIt WHICH Grel WelPknowaast a

in the art as wet strength resins for paper products.
In the preparation of polyamide-polyamines used to form this preferred

w class of cationic polymeric resins, a ditarboxylic acid is first reacted with a
polyalkylene-polyamine, preferably in aqueous solution, under conditions such
as to produce a water-soluble, long chain polyamide containing the recurring -
groups -NH(CpH2nHN)x-CORCO- where n and x are each 2 or more and R is
the C1 to Cs alkylene group of the dicarboxylic acid.

15 A vanety of polyalkylene polyamines including polyethylene polyamines
(e.g. polyethyleneimine or polyvinylamine), polypropylene polyamines (e.g.
polyallylamine), polybutylene polyamines and so on can be employed to
prepare the polyamide-polyamine, of which the polyéthylene polyamines .
represent an economically preferred class.. More specifically, preferred

»  polyalkylene polyamines used to prepare the cationic polymeric resins herein
are polyamines containing two primary amine groups and at least one
secondary amine group in which the nitrogen atoms are linked together by
groups of the formula -CpH2p- where n is a small integer greater than unity
and the number of such groups in the molecule ranges from two up to about

»  eight and preferably up to about four. The nitrogen atoms can be attached to
adjacent carbon atoms in the group -CqH2q- or to carbon atoms further apart,
but not to the same carbon atom. Also contemplated is the use of such
polyamines as diethylenetriamine, triethylene tetramine,
tetraethylenepentamine, dipropylenetriamine, and the like, which can be

% obtained in reasonably pure form. Of all the foregoing, the most preferred are
the polyethylene polyamines containing from two to four ethylene groups, two
primary amine groups, and from one to three secondary amine groups.

In preferred embodiments, the polycation is selected from the group
consisting of (1) ethoxylated monomeric amine; (2) ethoxylated polyamine; and

1 (3) ethoxylated polyimine. For example, the ethoxylated monomeric amine is
tetracthylene pentamine ethoxylated with 15 moles (average) of ethylene oxide
at each hydrogen site on each nitrogen (TEPA-E]5); the ethoxylated
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portion of the surface of the absorbent polynmer before swelling of the 20
absorbent polyner. The absorbent polyner swells by application of water.
The amount of the applied water is to be at |east sufficient.-to cause the
absorbent polyner to swell by absorbing the water. Preferably, the ratio of

t he water to the absorbent polyner will be in the range of from about
1. 1to about 50: 1, nore preferably f{oqm about 3: 1 to about 20: 1.
25 In a preferred enbodiment, the first surface nodification
conpound (i.e. a polyether or a polycation) is dissolved into water to
make an aqueous liquid m xture conprising the water and the first

sur f gc eOI nodi }‘ ic St ! @Bly?]mine i€ gmpﬂlynd\ingTémoﬁyiate?t withi 1§ anstes1aderhge) adfi ethiylene mpound
can be dissolved i e ter vari :éﬁﬁl’i .

appar atus used for L %dgsaél '\')ffirrl‘_?f\@grra?tg? i°§| !saﬁ%%& thﬁébﬁﬁ ieghg’gggﬂr?g |l?1‘nllg he art.
The aqueous |i qui d palysthyleecimian ethonylated with 15 molesdaverage) of ethylepe xidg it/ or

further material, thpddogerisiRs s€hirofdn’#6ths. absor bency or the liquid
wettability of the absorbent pol ... Eor.exa . .

mol ecul ar wei ght® al coho[‘@”s ﬁenﬁaq%[?fq{a%&h,er%q ﬂ?gg‘W a'%%%ﬁééﬁg&?r g'ratfgélét one
can be cont ai ifenkainingtahlsastithre¢ amind groupewith atleast ope of thesefgroups being pace
nodi fication 35 cCQqéfgy¥hino £fduf SUENE pbHEminECoRMisCRPE include intbthiA Bis(s-e, the
aqueous 1iquid ool famine PP Gdnit 0 BSoARRR0R R YT N-2-

‘aminoethyl)piperazine, 4,7-dimethyltriethylenetetramine and the like.

10 The dicarboxylic acids which can be reacted with the foregoing
polyamines to form the polyamide-polyamine precursors of the preferred
cationic polymeric resins useful herein comprise the saturated aliphatic C3-C10
dicarboxylic acids. More preferred are those containing from 3 to 8 carbon
atoms, such as malonic, succinic, glutaric, adipic, and so on, together with

1s  diglycolic acid. Of these, diglycolic acid and the saturated aliphatic
dicarboxylic acids having from 4 to 6 carbon atoms in the molecule, namely,
succinic, glutaric and adipic are most preferred. Blends of two or more of
these dicarboxylic acids can also be used, as well as blends of one or more of
these with higher saturated aliphatic dicarboxylic acids such as azelaic and

»  sebacic, as long as the resulting long chain polyamide-polyamine is water-
soluble or at least water-dispersible.

The polyamide-polyamine materials prepared from the foregoing
polyamines and dicarboxylic acids are reacted with epichlorohydrin to form the
cationic polymeric aminoepichlorohydrin resins preferred for use herein as the

»  reactive hydrophilic compound. Preparation of such materials is describe in
greater detail in U.S. Patent 2,926,116 (Keim), issued
February 23, 1960, U.S. Patent 2,926,154 (Keim), issued February 23, 1960,
and U.S. Patent 3,332,901 (Keim), issued July 25, 1967, all of which are
incorporated by reference.

£ An absorbent material of another aspect of the present invention
comprises, a positive-charge supplying compound bonded to the absorbent
polymer, and a non-ionic hydrophilic compound bonded to the absorbent
polymer.

In a preferred embodiment, the contact angle of blood on a surface of

3  the absorbent material is from about 0 degree to about 40 degree.

Any of the above described positive-charge supplying compounds can
be used. Preferred are the above described polycations which can bond to the
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-26 - The aqueous liquid m xture can be applied onto the

absor bent pol yner. The aqueous liquid m xture can be applied by any of
vari ous techni ques and apparatus used for applying solutions to

mat eri al s i ncluding coating, dunping, pouring, dropping, spraying,
atom zi ng, condensing, or imrersing the aqueous 5 liquid m xture onto the
absorbent polyner. Thus, the aqueous |iquid mxture can be applied onto
only sone of the absor bent pol ymer, onto all of the absor bent pol yner,
onto only a portion of sone or all of the absorbent pol yner .

In sone preferred enbodi nents, the first surface nodification 10 conpound (
i.e. a polyether absorbempbtynmtlhwug)\ thesiosiic dand. v Bcthisraspectof the dgravention, the sol vent

to meke an or gan'n%n%ﬂythgeﬂagm%okps&&d ol I n%@e "FRé!1abbye ibdfibdi LR

can be di ssol ved varil ous techni ques and

appar atus used fdwd UHPB@BFWPFQ’“%M"&*‘H&F%PWB °§€h°m“i*‘3¥1§°m the,abspest i The
organi ¢ sol uti on potyntepdsi veell £3he néifeairivettiydrdphilic thapamds adichate terely

absor bent s capable of physically associating to, physically connecting to or physically
" bonding to the absorbent polymer through intermolecular interactions. As used
herein, the term "non-reactive” means a hydrophilic compound which does not
react with the absorbent polymer under the process condition of the present
invention. In other words, such hydrophilic compound does not comprise any
1o reactive functional group that can form a covalent bond with the absorbent
polymer under the process condition nor effective number of cationic groups
for the ionic bond to the absorbent polymer. :
In alternative preferred embodiments, non-reactive polyethers which are
capable of physically associating to, physically connecting to or physically
15 bonding to the absorbent polymer through intermolecular interactions can be
used as the non-reactive and non-ionic hydrophilic compound.
The preferred non-reactive polyethers are described in greater detail,
for example, in U.S. Patent 4,190,563 (Rosley et al.), issued February 26,
1980, which is incorporated by reference. Some of non-reactive polyethers
»  preferably used are described hereinafter. The backbone of the non-reactive
polyethers can be expressed by the following formula:
R(C2H40)a(C3Hg0)b(C2H40)cR
where a+c represents the total number of oxyethylene units and b the number
of oxypropylene units and where a+c or b can be zero, and R is a non-reactive
»  functional group unable to bond chemically to the absorbent polymer under the
process condition of the present invention and is preferably independently
selected from H-, HO-, CH30-, CH3CH20-, and 50 on.
The molecular weight of a non-reactive polyether can typically be from
200 to 20,000.

o The non-reactive polyether can be a polyoxyethylene polymer, i.e. a
polyethylene glycol, in which case b in the above formula is zero. Polyethylene
glycols are water-soluble. Preferred polyethylene glycols are those having a
molecular weight of from 200 to 3,000.

The non-reactive polyether can be a polyoxypropylene polymer, i.e. a
»s  polypropylene glycol, in which case a+c in the above formula is zero.
Polypropylene glycol are not soluble in water. Preferred polypropylene giycols

are those having a molecular weight of from 400 to 4,000.
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15 pol yner . In an alternative preferred enbodi ment, the step

of (a) is carried out after the step of (b). Mre specifically, water
or other aqueous solution is first applied onto a non-swol | en
absorbent polyner. After the 'swelling of the absor bent pol yner, the

first surface nodification conpound is applied onto the 20 swollen
absor bent pol yner whereby the first surfggg nodi fi cati on conpound
e

bonds to the surface of the swollen absorbent polyner. Upon
contacting with the aqueous liquid m xture or water, the absor bent
pol ymer starts to swell by absorbing water. Substantially, nost of t'he

swel i ng of the absor hetnonaeativa lpolyetherocaiualsce tie duwatersalublé ©r aatvater-

o yer rn | RN ol et byl aﬁﬁ%ﬂgjg‘& 6BF et ben!

%)
preferably rmre t%‘?gﬁl?ﬁ’ non-reagtixe, polyesgr ‘ﬁﬂ?f‘“tp‘?“éf‘@ syso ﬁ’e“’t & MRl 95% of
t he applied wat ermore than 196 in water st 250C i alsylubiliey cfigrédterntharn! graneinal®or bent

pol ymer. The act gpe re or | |

dependi ng upon’ct gmgl f?'g{ep In%rwﬁg'ts%(rﬂ'lbg “qu%é %ﬁ%ﬁxjﬂ)ﬁger red

swel | i ng conditi diP§° {sthwsqs f4 Q@aﬁﬁwlmwwcwdmm 15%:byoweights [err]C
to 60 [err]C.  Mosfe the efotalalebypoinde S\Peeferret pay@@émyleﬁb-mlyomroﬁylene

Lemper at ure 11 om ggiyierc e iobdwhith IR 5§ Sooff Whpdlie bleted UG 200U O

[err]C to 10 re the
reactive pol yet hesoluble ﬁ?B@é'éf‘erﬁwaﬂeﬂéOQSh”é{q‘Beble%f mhttqfefr%al@q Vo
pol yether is gaus4€000.0 react with the absorbent polynmer. ‘In an

enbodi ment where the ngagllL e rBRl Yt ainehfiC H3R-réachbd' paildthet is selected

from the group consisting of a non-reactive polyethylene glycol (PEG), a non- -
reactive polypropylene glycol, and a non-reactive poly(oxyethylene-
oxypropylene) copolymer.

15 In further preferred embodiments of the present invention, an absorbent
material having a porous structure comprises a water-insoluble, water-
swellable absorbent polymer. The absorbent material has the contact angle of
blood on a surface of the absorbent material from about 0 degree to about 40
degree.

2 As used herein, the term "porous structure" means a structure forming
walls surrounding and defining cellular voids of absorbent polymers when
substantially dry. In general a porous structure of absorbent material can
provide the absorbent material with low density and/or high specific surface
area. Under microscopic observations, walls formed in an absorbent material,

s for example, show the sponge-like appearance as shown in Figures 1 and 2,
and walls of gnother absorbent material show the withered leaf-like appearance
as can be especially seen in Figures 3 and 4.

- In preferred embodiments, the absorbent materials have a bulk density
of from about 0.01 g/cc to about 0.4 g/cc, preferably from about 0.03 g/cc to

» about 0.35 g/cc, and more preferably from about 0.06 g/cc to about 0.3 g/cc.

In alternative preferred embodiments, the absorbent materials have a
specific surface area of at least about 400 cm2/g, preferably at least about 600
cmZ/g, and more preferably at least about 1,000 cm2/g. A method of
determining the specific surface area of a sample of the absorbent materials is

3 also described in the TEST METHODS section.

Due to the porous structure of the absorbent materials and the
improved wettability with liquids ( i.e. the low contact angle on the surface) of
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of *cationic groups for making the ionic bond the reaction can be carried

_out at . -27 - room
tenperature, whereas in another enbodi ment a higher tenperature wl| be

required to cause the chem cal bonding. For exanple, in an enbodi nent
where the reactive polyether includes a hal ogen term nal group or a epoxy
termnal group for making the coval ent bong, heating of the aqueous liquid
5 mixture and the absorbent polymer is required to cause effective

chem cal bondi ng. Preferably, the tenperature of the aqueous liquid

m xture and the absorbent polyner is maintained in the range of from

about 60 [err]C t ghePdbastbert hterial, theliquidCdistiiButidonfane Haperkiby of blood arsoather80
[err]C to about 2

Lewi s base is pr eﬁgvihg?{?]‘&%@]?gﬁ?’gﬁ the:%?%h t “Z“"‘ra Ie%agtbl%oiﬁﬁﬁwsﬁ.h&y% 2
absorbent material can swell isotropically and absorb rapidly the liquids such as
urine and blood. A method of determining the contact angle of a sample is

s described in the TEST METHODS section.

In preferred embodiments, the absorbent material further comprises a
hydrophilic compound for modifying surface characteristics of the absorbent
polymer. Both types of reactive and non-reactive hydrophilic compounds
which are previously described can be used as the hydrophilic compound.

10 In more preferred embodiments, the above described non-reactive
polyethers are used as the non-reactive hydrophilic compound. The non-
reactive polyethers can be physically associated with, physically connected to

or physically bonded to the absorbent polymer through intermolecular

interactions. -

15 In alternative preferred embodiments, the above described reactive
hydrophilic compounds are used as the reactive hydrophilic compound. The
reactive hydrophilic compound can be chemically bonded to the absorbent
polymer in the absorbent material. Any type of chemical bonds including
covalent bonds and ionic bonds can be formed between the reactive hydrophilic

» compound and the absorbent polymer. For example, the covalent bond

| generally arises as a result of the formation of ester, amide (imide), or urethane
bonds by reaction of the functional group of the hydrophilic compound with a
carboxyl group of the absorbent polymer. .
. In some of the preferred embodiments, a spacer can be present between

»  the hydrophilic compound and the absorbent polymer, to form a chemical bond
between the hydrophilic compound and the absorbent polymer. The spacer in
use herein should have at least one atom, capable of making such chemical
bond or connection between the hydrophilic compound and the absorbent
material.

'S In more preferred embodiments of the present invention, the reactive
hydrophilic compound can be selected from either one of the above described
positive-charge supplying compounds or one of the above described non-ionic
hydrophilic compounds having at least one reactive functional group.

It is noted that all of the above described absorbent materials of the

35 present invention can have a number of shapes and sizes. For example, the
absorbent materials are typically in the form of particles, sheets, films,
cylinders, blocks, fibers, filaments, or other shaped elements. The term
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10 = between the reactive pol yether and the absorbent pol yner. In
.alternative preferred enbodi nents, the swollen water-insol uble,

wat er - swel | abl e absorbent pol ynmer can be nade directly from pol yneri zabl e,
unsat urated, acid-containing nononers using an agueous sol ution

pol ymeri zati on method as described in the WATER- | NSOLUBLE WATER- 15
SVELLABLE POLYMER MATERI ALS section. Such sypl | en absor bent polynmer is
al so used for naking porous absorbent nmaterials of the present.

i nventi on. After making the swol | en absorbent pol yner, the
swol | en absor bent polyner is frozen; for exanple, by applying a
refrigerati on means"particlEh s 2gsed fheesdir idesgribés thiecabsorbentematziialeorafcthe poeseptner

can be made by any jglenyigh icibe formedSintd brAHASs, P AR, Aphetes)! akes! @bers,
freezing material s. For exa&l&i t he swol | e habsor Eﬂeﬁntwr' S
carried or passed |3%8IFERES St erafes andj the rsizecof the absgrhsnt S
ret ai ned t herei n ungenkrally oangein siZd frem rbatweer layout tlh:aicmmlo! about 2000amistombs,ent
ool ing tubes or a foPrasaps e S 96 pitraflo b Mo Mebhe. 18 |
al cohol sol ut i o'r’rﬁeeb'r o riseq {]Féeg'hr?&s‘iﬁﬁ%s f%f&?’@ﬂbﬁ?ﬁ’erﬁf& Péc‘ﬁ%d’i“’se" ’
I'n preferred embodi.imeention camie forreal withjn afthitknesssatdédseaboab 8 2riwantThe sheepol yner
is effected by cool Wﬂgpr@fer%@'?ﬂéaé Hﬁ&r?ﬁ@“ﬁ%&p%ﬁuf §.9[ 6" dnd atiSBe S0

-30C" fo urti

pref erably bel ow about r-as cilent tine to cause the re"g‘zl’l ng.
If 30 the tenper atWPallyframabayt dmmyto sbat 3MMe i s too short, the swollen
absor bent paéynmer will not be conpletely frozen. Typically, nore than ..

about 60% WATER-INSOLUBLE WATER-SWELLABLE POLYMER MATERIALS

The water-insoluble water-swellable absorbent polymers for use in the
presént invention are hydrogel-forming. Preferably, the absorbent polymers -
suitable for use can,be a crosslinked polyelectrolyte. More preferably, the

15 crosslinked polyelectrolyte can have a multiplicity of anionic functional groups,
such as sulfonic acid, and more typically carboxyl groups.  In preferred
embodiments, the crosslinked polyelectrolyte is selected from the group
consisting of a crosslinked polyacrylate sodium, a crosslinked
polymethacrylate sodium, a crosslinked polyacrylate potassium, a crosslinked

2  polymethacrylate potassium, a crosslinked starch grafted polyacrylate, a
crosslinked starch grafted polymethacrylate, a crosslinked polyvinyl alcohol
grafted polyacrylate, a crosslinked polyvinyl alcohol grafted polymethacrylate,
a crosslinked carboxy methyl cellulose, a crosslinked cellulose grafted
polyacrylate, and a crosslinked cellulose grafted methacrylate.

25 Some of preferred crosslinked polyelectrolytes are made from
polymerizable, unsaturated, acid-containing monomers. Thus, such monomers
include the olefinically unsaturated acids and anhydrides which contain at least
one carbon to carbon olefinic double bond. More specifically, these monomers
can be selected from olefinically unsaturated carboxylic acids and acid

% anhydrides, olefinically unsaturated sulfonic acids, and mixtures thereof.

Some non-acid monomers can also be included, usually in minor
amounts, in preparing the crosslinked polyelectrolyte herein. Such non-acid
monomers can include, for example, the water-soluble or water-dispersible
esters of the acid-containing monomers, as well as monomers which contain no

13 carboxylic or sulfonic acid gfoups at all. Optional non-acid monomers can thus
include monomers containing the following types of functional groups:
carboxylic acid or sulfonic acid esters, hydroxyl groups, amide-groups, amino
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preferably nore than about 80% nore preferably nore than about 95% nost
preferably all by weight of the swollen absorbent polyner is to be frozen.
After the freezing of the swollen absorbent polyner, the portion of the 35
frozen water contained in the frozen absorbent polymer is renoved or dried
by appl ying a drying neans w thout passing through the liquid state,
l.e. the ice is converted into the gasgous state by maintaining the
absor bent polyner bel ow -28

- the ice's nelting tenperature I'n other words, the resulting ice in
the frozen absor bent polyner is sublinmed and the water vapor is carried
away | eaving a goubs: nitritei groups andi neaterharyamneanium aalt groups. sTikdse mon-acid of

ice is acconpli sheﬂmnomere%?@mhikxow it Cnld e (dRReribEd 7 BreditP ldb@M, for
absorbent pol ymer E:)?ample IWUp§ Ei’atent 4,076,663 (Masuda et al), issued February 28, 1978,
and in U.S. Patent 4,062,817 (Westerman), issued December 13, 1977, both of
s which are incorporated by reference.
_ Olefinically unsaturated carboxylic acid and carboxylic acid anhydride
monomers include the acrylic acids'typiﬁed by acrylic acid itself, methacrylic
acid, ethacrylic acid, a-chloroacrylic acid, a-cyanoacrylic acid, b-methylacrylic
acid (crotonic acid), a-phenylacrylic acid, b-acryloxypropionic acid, sorbic acid,
10 a-chlorosorbic acid, angelic acid, cinnamic acid, p-chloro cinnamic acid, b-
;'texylacrylic acid, itaconic acid, citroconic acid, mesaconic acid, glutaconic
. acid, aconitic acid, maleic acid, fumaric acid, tricarboxyethylene and maleic
acid imhydride. Olefinically unsaturated sulfonic acid monomers include
aliphatic or aromatig vinyl suifonic acids such as vinylsulfonic acid, allyl
15 sulfonic acid, vinyltoluene sulfonic acid and styrene sulfonic acid; acrylic and
methacrylic sulfonic acid such as sulfoethyl acrylate, sulfoethyl methacrylate,
sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy-3-methacryloxy
propyl sulfonic acid and 2-acrylamide-2-methylpropane sulfonic acid.

Preferred crosslinked polyelectrolyte for use in the present invention

% contain carboxy groups. These polymers include hydrolyzed starch-
acrylonitrile graft copolymers, partially neutralized starch-acrylonitrile_ graft
copolymers, starch-acrylic acid graft copolymers, partially neutralized starch-
acrylic acid graft copolymers, saponified vinyl acetate-acrylic ester copolymers,
hydrolyzed acrylonitrile or acrylamide copolymers, slightly network crosslinked

el polymers of any of the foregoing copolymers, partially neutralized polyacryltc
acid, and, §l|ghtly network crosslinked polymers of partially neutralized
polyacrylic acid. These polymers can be used either solely or in the form of a
mixture of two or more different polymers. Examples of these polymer
materials are disclosed in U.S. Patent 3,661,875, U.S. Patent 4,076,663, U.S.

»  Patent 4,093,776, U.S. Patent 4,666,983, and U.S. Patent 4,734,478.

Most preferred crosslinked polyelectrolyte for use in the invention are
slightly network crosslinked polymers of partially neutralized polyacrylic acids
and starch derivatives thereof. Most preferably, the crosslinked polyelectrolyte
comprise from about 50 to about 95%, preferably about 75%, neutralized,

s slightly network crosslinked, polyacrylic acid (i.e. poly (sodium acrylate/acrylic
acid)). '
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5 environment. |In preferred enbodinents, in order to effect effective
rates of sublimation and renoval of water to the vapor phase, the
frozen absorbent polymer is subjected to a subatnospheric pressure

envi ronnment under whi ch conditions water sublimates directly fromthe
solid phase to the vapor phase. Vacuum nmeans for providing such a .
subat nospheric pressure environment are 10 well known in the art of freeze
drying. Typically such subat nospheric presé”ﬁe is less than about 5.0
Torr and preferably, less than about 1 Torr. In preferred enbodi nent s,
nmore than about 80% nore preferably nore than about 90% nost

pr eI ﬁr a]pl y nor ebt hag abaigt d&a%day ameghhe Qrossiiiked@pdtyelétirolyte a@@f’ﬁo@ynil#d
in the frozen absor
preferred enbodi nedts Qqap‘fgﬁ%tt 1'51“?3’(??3)‘”‘?' °E°3$F'¥(§g B%lfw‘% °5°P§}'i“h‘ag sgvmﬂe

frozen swollen absaemisntthq)oblymr matdrials wateninsolublegnd,hin pamz determinasethef t he
frozen absorbent pobysip ve ai'ﬁéxfi’f BN extPlcBbR' ﬁmlr){ert Béméht Yéhﬂﬁcﬁhﬁfés Qdf ih@e

frozen smollen bs ent onduct e ar a
used for the g"é‘? d‘?’r‘?fﬁ?negﬁgemécfgr network I°f°s§n\‘f{5‘ﬂﬂgdaﬁep‘ﬂ3€%ﬁ an at in
some enbodi nent s thwl@al\metvmrkatbesshlﬂmg agents afeodesomibedcinngisetedidetait inythe

subjected to a subglerRbefdpd-tefertticed BN, Paht'd, 67848t Wi thout the
pre-freezing. Becaus

evapor ati on/ subl i mati on, h@°§3£¥qdeﬁa]té(§§‘6mﬁtpa&??§frré’f‘" 5 fprmedin 149% e

spont aneously. 25 conventioriah meanhen t Hypicalr anide preferred nprockissesnfor producingetheof (a)
;ﬁ ;g;gir gg out o?"f { QRosslinked el&dtfoltO hreUescribld 1 GREPMEMIE. BY.649 (BARRKI NI
POty 5) lssue% pnl 19, 1988, U.S. Patent 4,666,983 (Tsubakimoto et al), issued
Can 19, 1987, and U.S. Patent 4,625,001 (Tsubakimoto et al), issued
November 25, 1986, all of which are incorporated by reference.
Preferred methods for forming the crosslinked polyelectrolyte are those
15 that involve aqueous solution or other solution polymerization methods. As
described in the above-referenced U.S. Patent Re. 32,649, aqueous solution
polymerization involves the use of an aqueous reaction mixture to carry out
polymerization to form the crosslinked polyelectrolyte. The aqueous reaction
mixture is then subjected to polymerization conditions which are sufficient to
2 produce in the mixture, substantially water-insoluble, slightly network
crosslinked polymer material.

More specifically, the aqueous solution polymerization method for
producing the crosslinked polyelectrolyte comprises the preparation of an
aqueous reaction mixture in which to carry out polymerization to form the

s desired crosslinked polyelectrolyte. One element of such a reaction mixture is
the acid graup-containing monomer material which will form the *backbone® of
the crosslinked polyelectrolyte to be produced. The reaction mixture will
generally comprise about 100 parts by weight of the monomer material.
Another component of the aqueous reaction mixture comprises a network

» crosslinking agent. Network crosslinking agents useful in forming the
crosslinked polyelectrolyte are described in more detail in the above-referenced
U.S. Patent Re. 32,649, U.S. Patent 4,666,983, and U.S. Patent 4,625,001.
The network crosslinking agent will generally be present in the aqueous
reaction mixture in an amount of from about 0.001 mole percent to about 5

33 mole percent based on the total moles of monomer present in the aqueous
mixture (about 0.01 to about 20 parts by weight, based on 100 parts by weight
of the monomer material). free radical initiator including, for example,
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having a porous structure, the-first surface modification conpound is

applied onto the porous absorbent polyner material whereby the first
surface nodi fication conpound bonds to the surface of the porous
absorbent polyner 30 nmaterial. In a further preferred

enbodi nent, the nmethod further conprises the step of (e) applying a
second surface nodification conpound onto _g,portion of a surface of

t he absorbent pol ynmer thereby bonding the second surface nodi fication
conpound to the absorbent pol yner. The second surface 35 nodification

conpound has an additional function for nodifying surface
characteristics of ei'di)qgabﬁmiﬂmnds quoh ¥s1$udiuml Ipetassivint andremimdniune persuifatean be

the ound. *2™ Funclp ok, PRNLAF Rl yge eI Cufit O
_ hydroperoxides, tertiary butyl diperphthalate, tertiary butyl perbenzoate,
sodium peracetate, sodium percarbonate, and the like. Other optional
s components of the aqueous reaction mixture comprise the various non-acidic
co-monomer materials including esters of the essential unsaturated acidic
functional group-containing monomers or other co-monomers containing no
carboxylic or sulfonic acid functionalities at all.
The aqueous reaction mixture is subjected to polymerization conditions
1w which are sufficient to produce in the mixture substantially water-insoluble,
absorbent, hjrdrogel—fonning, slightly network crosslinked polymer materials.
The polymerization conditions are also discussed in more detail in the three
above-referenced patents. Such polymerization conditions generally involve
heating (thermal actiyation techniques) to a polymerization temperature from
15 about 0°C to about 100°C, more preferably from about 5°C to about 40°C.
Polymerization conditions under which the aqueous reaction mixture is
maintained can also include, for example, subjecting the reaction mixture, or
portions thereof, to any conventional form of polymerization activating
irradiation. Radioactive, electronic, ultraviolet, or electromagnetic radiation
» are alternative conventional polymerization techniques. " The resulting
polymerization' product is a swollen water-insoluble hydrogel. The swollen
~ water-insoluble hydrogel is used in some preferred processes for making
porous absorbent materials as described hereinafier.
The acid functional groups of the polymer materials formed in the
23 aqueous reaction mixture are also preferably neutralized. Neutralization can be
carried out jn any conventional manner which results in at least about 25 mole
percent, and more preferably at least about 50 mole percent, of the total
monomer utilized to form the polymer material being acid group-containing
monomers that are neutralized with a salt-forming cation. Such salt-forming
%  cations include, for example, alkali metals, ammonium, substituted ammonium
and amines as discussed in further detail in the above-references U.S. Patent
Re. 32,649.
 While it is preferred that the crosslinked polyelectrolyte be
manufactured using an aqueous solution polymerization process, it is also
3s  possible to carry out the polymerization process using multi-phase
polymerization processing techniques such as inverse emulsion polymerization
or inverse suspension polymerization procedures. In the inverse emuision
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Thus, the same conpound as the first surface nodification conpound can be
.al so used as the second surface nodification conpound. Therefore, in a
preferred enbodi nent, one of the above described pol yethers including non-
reactive polyethers and reactive polyethers can be used as the second
surface 5 nodification conpound. |In another alternate preferred

enbodi nent, one of the above descri bed jpol ycations can be used as the
second surface nodification conmpound t hereby bondi ng the second surface
nodi fication conpound to the absorbent polyner via the electrostatic
interaction. In a nore preferred enbodi nent, the first surface

modi f'i cati on conpopolgmeszatior oo inversp suspertsivarpolynwriz@lionsprpcadyrest theagueshs | e t he

second surface ”deéabﬁa’# h%&%ﬁﬁﬂ»ﬂ{ﬂefoﬁe &&‘ént%ﬁh?rsu fided in tAE £8HAE oP Bhy €1 her
and the polycatio preferre mant e ste@} (e)

is carried out bef Sf@lel‘%é" &t '@b‘"" "of 6fW3(f?5)'m"]\ﬂ9}b§ §Eﬁ§& o gani, § ‘{}V""éfsl‘ 2 he
application of the cyclohexangu rTheaesultand i chasslinked polyelectodytp exergénemiiyosphlrcal

absorbent polyngr, ﬁ‘qg% ﬁﬂgﬁsé %iﬂﬁ%ﬂ?@'ﬁnhﬁ&hb& r&édﬁﬁgpa%' Qﬂsdﬁﬁec{ 4§ t her

applied onto the a

nodi fi cation corrpoGFﬁﬂ eéﬁ%‘ﬁ‘ Bb“ésl’%'ﬁ“tt"lfﬁﬁos"ﬂﬂgh’é’s ?‘WQ ‘a‘%‘ﬂr‘ﬁ'ﬁﬁp 1982,
pol ymer before swelU.S.Ratent 4ane,osmaawshmu alcissyedMarch 19, 1985, and ULS\ Parent

aiternative profer uodsOp bR ) iliePARR 1ot by bEWHER bt Shboibliared by 210"

the step of (b). Mte Speci |r’s appl a no
swol | en absorbent FEPEMSr. After the swelling of the absorbent poI yrrer, the

second surface @odifi caPrefutred @ngsslinked polyedtfroiytedofthie presét imvemtidncdie vzer bent

which exhibit a high absorptive capacity. Absorptive capacity refers to the
capacity of a given polymer material to absorb liquids with which it comes into
contact. Absorptive capacity can vary significantly with the nature of the liquid
being absorbed and ,with the manner in which the liquid contacts the polymer

15 material. For purposes of this invention, Absorptive Capacity is defined in
terms of the amount of Synthetic Urine (as hereinafter defined) absorbed by
any given polymer material in terms of grams of Synthetic Urine per gram of
polymer material in a procedure hereinafter defined in the Test Methods
section. Preferred crosslinked polyelectrolyte of the present invention are

» those which have an Absorptive Capacity of at least about 20 'grams, more
preferably at least about 25 grams, of Synthetic Urine per gram of polymer
material. Typically, the polymer materials of the crosslinked polyelectrolyte
herein have an Absorptive Capacity of from about 20 grams to about 70 grams
of Synthetic Urine per gram of polymer material.

25 While all of the crosslinked polyelectrolyte are preferably formed from
the sameapplymer material with the same properties, this need not be the case.
For example, some crosslinked polyelectrolyte can comprise a starch-acrylic
acid graft copolymer while other crosslinked polyelectrolyte can comprise a
slightly network crosslinked polymer of partially neutralized polyacrylic acid.

»  Further, the crosslinked polyelectrolyte can vary in size, shape, absorptive
capacity, or any other property or characteristic. In a preferred embodiment of
the present invention, the crosslinked polyelectrolyte consist essentially of
slightly network crosslinked polymers of partially neutralized polyacrylic acid,
each crosslinked polyelectrolyte having similar properties.

35 - )

PROCESS FOR MAKING ABSORBENT MATERIALS OF THE
INVENTION
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pol ymer whereby the second surface nodification conpound bonds to the
.surface of the swollen absorbent pol yner. In a further
alternative preferred enbodiment, the step of (e) is carried 25 out after
the step of (d). Mre specifically, after nmaking an absorbent polyner
"material having a porous structure, the second surface nodification
conpound is applied onto the porous algorbent polymer material whereby
t he second surface nodification conpound bonds to the surface.of the
por ous absor bent pol ymer material. 30 In still further
preferred enbodi nents, the nethod of producing the absorbent materi al
havi ng modi fied surfacdncgiehanathesrdspect of thoimyentions thehmethod of pradysingthe A)

nmeking a porous aba%%r*a@rﬂtmd?&lal’ E8thprised Wle 663ps @ff{W))ﬁbﬁlﬁ %aﬁ afmBént of a redetivd ace
nmodi fication conpo g pgrtilto a sur{acte 01:Nt Eﬁé'% abs rﬁg{t oJ ymer,
wherein the first OGFPRNS SRIWORERL QRO WRLSNS haé \"ﬁl %W

modi fyi ng surface @)areactingr thet reactive f hydiaphilior canspound owithe the p@teyﬂ@pluble

In a preferred ?”W%Mllabl&?%lyﬁk?& (pdvidds cHﬁKarH%l% d?®ldddon a surfag®dpr bent
pol ymer conpri ses %Q%bssogbe tmatenal(fro)m about% gggrge tE)ea out 4 r:iegnre)ét ure

In still another aspect of the invention, the method of producing the
absorbent material comprises the steps of (2) applying an amount of a reactive
polyether onto a water-insoluble, water-swellable absorbent polymer, wherein

10 the reactive polyether is reactive with the absorbent polymer; and (b) reacting
the reactive polyether with the absorbent polymer; thereby forming the
absorbent material comprising the absorbent polymer having said reactive
polyéther chemically bonded thereto. :

In preferre embodiments, the absorbent polymer material as a

15 precursor can have a number of shapes and sizes. For example, such precursor
absorbent polymer material can be typically in the form of particles, sheets,
films, cylinders, blocks, fibers, filaments, or other shaped elements. Preferably,
discrete units, more preferably precursor particles of the absorbent polymer are
used. In an alternate preferred embodiment, an absorbent macrostructure or

2  sheet comprising a multiplicity of interconnected absorbent particles of the
absorbent polymer can be used as the precursor.

In preferred embodiments of the present invention, any of the
previously described reactive polyethers which can react with the absorbent
polymer can be applied onto the surface of the absorbent polymer material.

a3 The reactive polyethers can be applied by any of various techniques and
apparatus'psed for applying materials to the other materials including coating,
dumping, &ropping. condensing, spraying, or immersing the reactive polyether
onto the absorbent polymer material. As used herein, the term "applied onto"
means that the reactive polyether will be on at least a portion of the surface

% area of the absorbent polymer material. Preferably, the reactive polyether is
applied onto all of the surface of the absorbent polymer material.

In a preferred embodiment, the reactive polyether is combined with the
absorbent polymer, and the two components are mixed, preferably thoroughly
mixed, using any of a number of mixing techniques and apparatus, including

s various mixers, sprayers, or kneaders, as are known in the art.

' After the reactive polyether has been applied onto the absorbent
polymer, the reactive polyether is caused to react with the absorbent polymer.
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-30 - conprising (i) a substantially water-soluble unsaturated

. hononer conprising neutralized carboxyl groups, (ii) a substantially
wat er - sol ubl e i nternal crosslinking agent capable of reacting with the
nononer to forma absorbent polyner material; and (iii) a substantially
wat er - sol ubl e solvent, 5 (2) dispersing a substantially water-insoluble
bl owi ng agent in the reaction m xture.3a forma dispersion of particles
of the blowi ng agent in the reaction m xture, (3) expanding the bl ow ng
agent particles to form an expanded structure in the reaction m xture,
and (4) reacting the nononer and the internal crosslinkjng a(%en_t to
form a porous absdn@sembpdimentavhere the reactive polyethes indudes a plysalisy aEcatigpic he

st GBS Sf rom I( 1) to gréupsaree Fﬁmngdgké}dggnwélgb the TRActioRIdaR bedabrizdSeut ait eodFscr i bed
ko 2B R tad i Sategimet WA BB S o
1993, the di scl osuequirsfl towpustthe.chémicad bensting: digr pyample, in arf embadineent where
In a preferred enkpéiréBiive polyeehed iRides'™ hil6genRithingl grolP 6O SpSRAHAAL
E)I()l) yger conprises é[rgl?p tsotr %{Daﬁingftl;le éo%leﬁt%ro%,q%at?ngr &hé rQenll B(&)%Eh%r Gedhe' S' N9
absorbent polymer is required to cause effective chemical bonding. Preferably,
the temperature of the reactive polyether and the absorbent polymer is
maintained in the range of from about 60°C to.about 250°C, more preferably

10 from about 80°C to about 200°C. In some embodiments, a catalyst such as
Lewis base is preferably used for promoting the reaction between the reactive
polyether and the absorbent polymer. ,

In a preferred embodiment, the reactive polyether is dissolved in a
solvent prior to additjon of the polyether to the absorbent polymer. Preferably,

15 the solvent is an organic solvent, more preferably a polar organic solvent.
Non-limiting examples of a preferred solvent for the reactive polyether
includes: water; the low molecular weight alcohols such as methanol, ethanol,
or propanol; acetone; dimethylformamide(DMF); dimethylsulfoxide(DMSO);
hexylmethylphosphoric triamide (HMPT); and mixtures thereof. Preferred

»  solvent are mixtures of water and one of the above described organic solvents.
Preferably, the ratio of one of such organic solvents and water used herein is
about from 98:2 to 60:40, more preferably from 90:10 to 80:20.

Non-polar solvents such as hexane, toluene, xylene, and benzene can be
used as the solvent for the reactive polyether.

2 The liquid mixture including the polyether and the solvent is applied
onto theglgbsorbent polymer material by any of various techniques and
api:aratus used for applying solutions to materials including coating, dumping,
pouring, dropping, Spraying. atomizing, condensing. or immersing the liquid
mixture onto the absorbent polymer.

% The amount of the polyether which is sufficient to effect an
enhancement of the wettability of the absorbent polymer by blood (i.e. the
“blood wet-out” of the absorbent polymer) can vary on a number of factors
such as the chemical type of the absorbent polymer and its physical form, e.g.
particle size of the absorbent polymer, and the type and molecular weight of

35 the polyether used in the treatment, as well as on the method of applying the
polyether. In general, for a given absorbent polymer, increasing amounts of
polyether are required as the molecular weight of the polyether used increases.
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substantially water-sol ubl e unsaturated nonomer conprising neutralized
.carboxyl groups, (ii) a substantially water-soluble internal crosslinking
agent capabl e of reacting with the nonomer to forma absorbent polymer
material; 20 and (iii) a substantially water-soluble solvent, (2)

di spersing a substantially . wat er -i nsol ubl e spaci ng agent in the
reaction mxture to forma dispersion of _,, _ particles of the spacing
agent in the reaction mxture, (3) reacting the nononer and the

i nternal crosslinking agent to forma absorbent polyner, and (4)

renoving the dispersion of particles of the spacing agent fromthe water-
25 insoluble,. wdixsessyesinionbiseoftbé palyetheroor polyetber poixnume shadd: be iamsided.bl e,

wat er - swel | afabfusP Heleih Bolxether tpat is not aﬁ?)%iafe‘aﬁu ltl}]é. zﬂ:go Sfoirﬁrler 4 t he

pr esent invention | S an apsor I SI I’l
i mproved wet t abi | iiBLiL e Heve o the anphied 9|°mi it the; reﬁmwéate absorbeﬁtape ymen B

vm'bt h lt; ri ne and.bl fmchknggsthecwpmrry(thmers Hfaimedf incthe \paniculateoabsyrbent pdllmerved
t t
absorbent materja 3d"r9|l e e@@ﬁd?ﬁ:ﬁké&k&g ﬁ*}?hfz;h'lg}% %&"lﬂa&’t@%ﬂ?ﬁ:ﬁé’d on

capacity and |iqui tenti.on mcrao servati ons reeze
dri ed absor bafreolate sasily thioygh ghe: papiliagies;Pe spages; betateen gheapastidlessand akes,

or sheets. The therbfowﬂ\esetih'apmm@m spdeesshotidindt beblockedimnécessaiily rthe'iS
wal I's surroundi ng ga I thg',efl n| ng cellul ar voids. Macroscopi cal
believed that this rmrBﬁgf results in the sponge-Ilike or orous
appear ance of the freez%“ﬂ?!‘%l‘haﬁmhpdymefsdﬁwﬂbﬂa ).S| Patert 36638750t ed

that while cel e dUS. Raemr4,076,6635 U.S.(RaHEd,003,736169S: Patent 4,666,983, 1% by
weight of any type of reactive polyethylene glycol having an average molecular
weight of about 600 based on the weight of absorbent polymers while-amounts

this polyether, when mixed directly with the absorbent polymers.
For this same-reactive polyethylene glycol, an amount above about 20%
15 should not be used to avoid producing an unsatisfactory Q_intment-liké or pasty
mixture. The higher molecular weight, normally solid, reactive polyethylene
glycols are generally required to be used in greater amounts by weight than the
liquid polyethylene glycols. For most absorbent materials the amount of
polyethylene glycol required will be less than about 15% by weight of the
»  absorbent polymer when the direct method of mixing with the absorbent

polymer is employed.
In a preferred embodiment, the mixture of the reactive polypropylene
glycols and the reactive poly(oxyethylene-oxypropylene) copolymers will
.generally be used in amounts of from about 1% to about 20% by weight,
3 depending.on their molecular weight and the nature of the absorbent polymer.
The copolymers, having generally higher molecular weights, when used alone
tend to require use in relatively substantial amounts, e.g. about 5% to about
10% by weight of the absorbent polymer, but again the amount of the polyether
required will be dependent to some extent on the cliemical type and physical
1w form of the absorbent polymer being treated. In certain cases amounts of
polyether up to about 30% by weight of the absorbent polymer can be used
while still permitting capillary flow of blood through a mass of the treated
particulate absorbent polymer.

By treatment of an absorbent polymer with a polyether in accordance
33 with the invention one can also improve the feel to the touch of a mass of
absorbent polymer swollen with blood. Many absorbent polymers are very
sticky to the touch when blood is added to a mass of the particles of the
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-31 - | i ke | oose polynmer flakes, the sheets are to sone degree

.di sconti nuous and exhi bit holes and, in general, resenble a |eaf-I|ike
structure. ABSORBENT ARTI CLES MADE FROM THE ABSORBENT MATERI ALS 5
The absorbent materials according to the present invention can be used
for many purposes in nmany fields of use. For exanple, the absorbent

materi al s can be used for packing cont,ainers; drug delivery devices;
wound cl eani ng devi ces; burn treatnent devices; ion exchange col um
mat eri al s; construction materials; agricultural or horticultural

materi als such as seed sheets or water- 10 retentive materials; and
i ndustrial uses sshshrbest pdlydere biris @ointedeovtt thati thg teegomeng with the wlysthenl s f or

the prevention of rfguksims sRdkinREs, wifs e tRRnRnt A Bl fafkelly afedA thblood
mat eri al s. . .
retention value and the rate of blood absorption of an absorbent polymer (or
material).

5 Preferably, after mixing the absorbent polymer with the polyether
mixture, a portion of the solvent is removed from the mixture of the absorbent
polymer and the polyether mixture, Preferably, at least about 60% of the
solvent included in the polyether mixture should be removed, more preferably
90%, most preferably more than 97% of the solvent included in the polyether

o mixture should be removed. The removal of the solvent can be made by any
of various techniques and apparatus used for separating or rethoying liquids
from liquid-solid mixtures, including evaporation, filtration, washing, or a
combination thereof.

In further preferred embodiments, before, during, or after mixing the

15 absorbent polymer material with the polyether, a polycation capable of bonding
to the absorbent polymer through the electrostatic interaction is added and
mixed with the mixture of the absorbent polymer and the polyether.
Preferably, such mixing is made simultaneously with the mixing step of the
absorbent polymer with the polyether, more preferably, that is conducted under

»  the existence of the above described solvent for the polyethier. As a result, the
polycation bonds to the absorbent polymer. In preferred embodiments, the
above described polycations are used.

. PROCESS FOR MAKING POROUS ABSORBENT MATERIALS OF THE
L _ INVENTION
In fyrther preferred embodiments, the method of producing the
absorbent material having modified surface characteristics comprises the
steps of (a) applying a first surface modification compound onto a portion
of a surface of a water-insoluble, water swellable absorbent polymer,
» wherein the first surface modification compound has a function for
modifying surface characteristics of the absorbent polymer; (b) swelling the
absorbent polymer by absorbing water; and (c) removing a portion of said
water while maintaining the absorbent polymer in substantially the swollen
state, thereby forming a porous structure in the absorbent material.
s Preferably, substantially all free water (that is, water which is not bound
chemically with the absorbent polymer) is removed in step (c), thereby
leaving the porous structure substantially dry to the touch. Free water can
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Because of the unique absorbent properties of the absorbent materials

.of the present invention, they are especially suitable for use as absorbent
cores 15 in absorbent articles, especially disposabl e absorbent articles.
As used herein, the term "absorbent article" refers to articles which
absorb and contai n” body exudates and nore specifically refers to
articles which are placed against or in ,3Proximty to the body of the
wearer to absorb and contain the various exudates di scharged fromthe
body. Additionally, "disposable" absorbent articles are 20 those which are
i ntended to be discarded after a single use (i.e., the original

absorbent articl e inglude watehothichi is retained Mtdamdﬁhd passapewdys wifidiss atsborbentot her wi se

restored or reusedmagnﬁrbnap@qraﬁq@ﬁw@arl al t hough certain materials or
all of t he absor bept artlc%te‘ecan e rec cl ed, reused, or conposted).

In general, an absor bent RN & waighfemered fr?'ﬂ)‘ exswqllen absoskent, pelyrmer; opsheet
25 which is | ocat e mdpmoedibytany reenswaldcieresultstin che; stable) parouk siicturenper vi ous

backsheet whi ch; |ss,3dnc,§5a¢, t r ody, cent to
t he wearer's cl ot chﬁ ?{%ﬂi&% J%%btsor%gg{eﬂclg'?’gg gsﬂh? n%pjt et ween
t he topsheet %?m?"% ﬁ@ﬁbﬁ@l‘d orsemi-selidynMesials.cor e conpri ses at | east
one of the above cﬁmhethedioabﬁ@vﬂeﬂﬂ\emt@ﬁd Rl éxtract awdy BleahaiBtuze t he

absorbent core furgd ar?’():mr&é?ﬁﬂréoﬁ}éﬁt @h&ﬁﬁ?tggE‘&tgnt@Eﬁtﬁ%cé@Che h%ée}he

absor bent materi al
conprises an envel BBE \R)é!’& '@hé%‘l'ﬁgbm opselybiliza the surfaceymodifying agentn nore
preferred enmbods newhish Isheasiipsesniveed fromeied!swolled Nsorbent poFREPEHE core

prof oranly 11 om abparo TG Bt & ety BuPEte Ao neh dosg g™ ©
have affinity or substantlal reactlwty for the absorbent polymer material.

A more preferred process is to use high temperature, high mass
transfer means, such,as high Veldcity air or gases, or low ambient pressures

15 (such as partial or total vacuums), or any combination of these, to remove
such water directly from the swollen absorbent polymer. Such process is
preferred because the water is removed without the need to introduce other
chemicals or solvents to extract the water. Most preferably, a process will
remove the free water very quickly before the drying particle, and the open

»  passageways therein, have an opportunity to collapse.

Rapid removal of the water from typical hydrogel absorbent
polymer materiq]s. without collapse of the passagev?ayé requires special
processing conditions. Without being bound by any theory, it is believed
that the collapse of the particle, more specifically the collapse of inter-

= particle passageways in the absorbent polymer, occurs due to the high |
capillary retention of water in such passageways as such water is being
removed. Removal of water from the passageway draws the pas.éageway
inward due to the high capillary forces associated with the attraction of the
water to the polymer surfaces. As the last amounts of free water are

% removed from the capillary or passage, the surfaces of the polymer, which
include carboxyl and hydroxyl groups, can become chemically bonded
together; this process is commonly referred to as “hydrogen bonding" .
This phenomenon is commonly encountered in the drying water from
cellulosic fibers and cellulosic structures having small capillaries and/or

s fiber diameters. The effect of hydrogen bonding can be demonstrated by
tissue or towel paper, wadding the paper into a ball, and allowing the paper
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35 from about 150 g/n2 to about 500 g/ nm2 of the absorbent nmaterial.

.In sone preferred enbodi nents, the absorbent core can further conpri se
fibers or fluff pulp (fibrous or fiber material), nore specifically, non-

- 32 - absorbent-gelling fibers. Such fiber material can be used as
rei nforcing menbers in the absorbent core, inproving fluid handling of
the core, as well as a co-absorbent w-t4 t he absorbent pol yners,
Preferably, the absorbent core i ncl udes from about 20%to about 90% by
wei ght of the absorbent material 5 and from about 80%to about 10% by

T O o b o 3ReOURER i) L ping i 05, G e ol 0 L
suitabl e for use idryiogrthedriddpapér becomes a tight, hardened inflexible structure.

Therefore, special drying processes for rapidly removing water from
typical hydrogel absorbent polymer materials, without collapse of the

s  passageways, is required. Such processes can include, but are not
necessarily limited to: vacuum flash drying; high temperature, counter-
current or co-current air drying; fluid bed drying; dielectric or infrared
drying; freeze drying; and combinations thereof. Such processes are
described in the following references, the disclosures of which are

10 incorporated by reference: Handbook of Industrial Drying, Marcel Dekker

© Inc. (Arun S. Mujumdar, Ed.), 1987 (ISBN 0-8247-7606-2); Flash Drying,
Bilgiq Kisakurek (pp. 475-499); Microwave and Dielectric Drying, Robert
F. Schiffmann (pp. 327-356); Freeze Drying, Athanasios Liapis (pp. 295- .
326), and Applicatign of infrared radiation for drying or particulate

15 materials, Jakobsen & Driscoll (pp. 704-711), Drying '92 (Arun S.
Mujumdar, Ed.), Elsevier Sci. Publ. (ISBN 0-444-89393-8).

It is usually sufficient to remove enough of the free water, rapidly
and without substantial collapse, by such process that minor amounts of
moisture can then be removed without further collapse by conventional

w  drying methods, include air drying, fluid bed drying, and the like. _

' In still further preferred embodiments, the method of producing the
absorbent material having modified surface characteristics comprises the steps
of (a) applying a first surface modification compound onto a portion of a
surface of a water-insoluble, water-swellable absorbent polymer, wherein the

»  first surface modification compound has a function for modifying surface
charactﬂigt"lcs of the absorbent polymer; (b) swelling the absorbent polymer by
absorbing {vater, (cl) freezing the swollen absorbent polymer: and; (c2)
removing a portion of water from the frozen swollen absorbent polymer,
thereby forming a porous structure in the absorbent material.

% In preferred embodiments, the absorbent polymer material as a
precursor can also have a number of shapes and sizes. For example, such
precursor absorbent polymer material can be typically in the form of particles,
sheets, films, cylinders, blocks, fibers, filaments, or other shaped elements.
Preferably, discrete units, more preferably precursor particles of the absorbent

33 polymer are used. In an alternate preferred embodiment, an absorbent
macrostructure or sheet comprising a multiplicity of interconnected absorbent
particles of the absorbent polymer can be used as the precursor.
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absor bent products can be used in the absorbent core herein. Specific
.exanpl es of such fiber material include cellulose fibers, nodified
cellulose 10 fibers, rayon, polypropylene, and polyester fibers such as

pol yet hyl ene terepht hal ate (DACRON), hydrophilic nylon (HYDROFIL), and
the |ike. Exanpl es of other fiber materials for use in the present

I nvention in addition to sone al ready_g§ scussed are hydrophilized

hydr ophobi ¢ fi bers, such as surfactant-treated or-silica-treated
thernoplastic fibers derived, for exanple, 15 from polyol.efins such as
pol yet hyl ene or pol ypropyl ene, polyacrylics,. pol yam des, pol ystyrenes;

pol yuret hanes and the [ pesferred embotimentsdla wpiisty iof eghgents fdrymodifyingtsucfadei ber s
which are in and Qharh&teriRies 8@&5&%Ent§>%m&%%rﬁﬁ%n 80Used for W et subgr ef or e,
sor ty to be

do not provide webs sufficient a nt capacl ] useful in
conventional abso cation commpepd. 5y eprgél"’ﬁ"é(bl ich oFeagents j ifclpdre chemisaloent 20
core by virtue of comppundgdodimprowingdispiboper anddisperdiba of liquie imatserbentn t he
absor bent core ,herp%iyﬂ,er;,{aéﬁ%.cki ng propensity of the fibers is as _
i mportant, if not .nore | ant, . than the absqrbent capacity of the

or
fiber material itself &%more Pfgpeffs embodimens.ane of the ghoye desoribedipolysthers ack of
gel bl ocki ng propdnduding ndn-tehative polyethescandaictioe polyethyist dantbecuséd Bete ar e
general l'y preferr ggstfsQffadd ' | he f e
absor bent core. I\/bs% sQraef Zﬁieér A gé'{e]c%&nﬁeﬁﬁﬁmﬁ 'e'&g?i%%g&ﬁlgéte grotgg}rey

. 0
pol yet hyl ene fi be/€active polyet b°“&‘£@rg{‘5é!“ﬁﬂ=0§ﬂ@ absorbent palymer trenghtai ch can
be useful in cert ovaleibond)dmanother embodif@nt wbther ond 6f the eeictwl polyettiet fsf ened

oL S™LE, o b AR e bt oy B Sl adion,™
and yet another embodiment one of the non-reactive polyether is bonded to the
surface of the absorbent polymer via intermolecular interactions, as herein
before described.

15 In another alternate preferred embodiment, one of the above described

- polycations can be used as the first surface modification compound.
In a preferred embodiment, the step of (a) is carried out before the step
of (b) so that the first surface modification compound bonds to at least a
portion of the surface of the absorbent polymer before swelling of the

»  absorbent polymer. The absorbent polymer swells by application of water.
The amount of the applied water is to be at least sufficient to cause the
absorbent polymer to swell by absorbing the water. Preferably, the ratio of the
water to the absorbent polymer will be in the range of from about 1 : 1 to
about 50 : 1, more preferably from about 3 :' 1 to about 20 : 1.

2 In a preferred embodiment, the first surface modification compound
(e a polyesther or a polycation) is dissolved int_d water to make an aqueous
liquid mixture comprising the water and the first surface modification
compound. The first surface modification compound can be dissolved in the
water by any of various techniques and apparatus used for dissolving materials

%  to solutions known in the art. The aqueous liquid mixture can contain an
additional solvent and/or further material, that adversely effect absorbency or
the liquid wettability of the absorbent polymer. For example, the low
molecular weight alcohols such as methanol, ethanol, propanol, or acetone can
be contained in the liquid mixture as well as the first surface modification

s compound. After preparing the aqueous liquid mixture, the aqueous liquid
mixture is applied onto the absorbent polymer.
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30 which can be produced by internally crosslinking cellulose fibers with

.a crosslinking agent. Suitable stiffened, tw sted, curled cellul ose
fibers useful as the hydrophilic fiber naterial herein are described
in greater detail in U S, Pat ent 4, 888,093 (Dean et al), issued
Decenber 19, 1989; U.S. Patent 4,889,595 (Herron et al), issued
Decenber 26, 1989; U. S. Patent 4,889, 596 (Schoggen et al), issued
Decenber 26, 1989; U.S. Patent 4,889,597 (‘Bourbon et al), issued
Decenber 26, 1989; and U.S. Patent 4,898,647 (More et al), I ssued
February 6, 1990, all of which are incorporated by reference.
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apparatus used for applying solutions to materials including coating, dumping,
pouring, dropping, spraying, atomizing, condensing, or immersing the aqueous

s liquid mixture onto the absorbent polymer. Thus, the aqueous liquid mixture
can be applied onto only some of the absorbent polymer, onto all of the
absorbent polymer, onto only a portion of some or all of the absorbent
polymer.

In some preferred embodiments, the first surface modification

w compound ( i.e. a polyether or a polycation ) is dissolved into an organic

' solvent to make an organic solution. The first surface modificatiop compound
can be dissolved in the organic solvent by any of various techniques and
apparatus used for dissolving materials to solutions known in the art. The
organic solution is applied onto the portion of the surface of the absorbent

s polymer.

' In an alternative preferred embodiment, the step of (a) is carried out
after the step of (b). More specifically, water or other aqueous solution is first
applied onto a non-swollen absorbent polymer. After the swelling of the
absorbent polymer, the first surface modification compound is applied onto the

2  swollen absorbent polymer whereby the first surface modification compound
bonds to the surface of the swollen absorbent polymer. _

Upon contacting with the aqueous liquid mixture or water, th
absorbent polymer starts to swell by absorbing water. Substantially, most of
the Swelling of the absorbent material is conducted during and/or after applying

s the aqueous liquid mixture or the water onto the absorbent polymer. In
preferred: embodiments, more than about 60%, more preferably more than
about 80%, most preferably more than about 95% of the applied water is to be
absorbed by the swelling of the absorbent polymer. The actual temperature
used for the swelling will vary depending upon the specific polymer materials

% used herein. Preferred swelling conditions will involve a temperature of from
about -5 °C to 60 °C. More preferably, the swelling is carried out at a
temperature from about -2 °C to 30 °C, most preferably from about 0 °C to 10
°C. :

In a preferred embodiment where the reactive polyether is mixed in the

35 aqueous mixture, the reactive polyether is caused to react with the absorbent
polymer. 1In an embodiment where the reactive polyether includes a plurality
of cationic groups for making the ionic bond the reaction can be carried out at
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and i nconti nent persons that is worn about the | ower torso of the wearer. A
-preferred diaper configuration for a diaper conprising an absorbent core is
5 described generally in U S Patent 3,860,003 (Buell), issued January 14,

1975, which is incorporated by reference. Alternatively preferred
configurations for di sposabl e di apers herein are also disclosed in U S.
Patent 4,808,178 (Aziz et al), issued Egbruary 28, 1989; U S. Patent
4,695, 278 (Lawson), issued Sept enber 2 22 1987; U.S. Patent 4,816, 025
(Foreman), issued March 28, 10 1989; and U S. Patent 5,151,092 (Buell et
al.), issued Septenber 29, 1992, all of which are incorporated by

r ef erence. room tempernatuse, whepdasrin enbtheriendiodinent e thighleetethpeaase wilk

absorbent article b&re@\ulred to éﬁ&@%mh%lcarMHﬁg ﬁ'eefgﬁﬁxélgdm%t mlrﬁém

products conprise a,for ertur osed in
U.S. Patent 4,285, YA9¢ ‘ﬁ%mﬁw P?lxeéhrédmﬁsdeﬁ\@gb@?gezstenwgﬁlsrow 8r apepoxHt
4, 608, 047 (I\/at ti nglepl)npall grou forAugking thetcovilentGond, heatlagti)f ltthaqlBaﬁs%lidimd

4,687,478 (Van Jil bkt Lanhstﬁé'%ﬁsd%&?%lyé@ fnsl?éléde t{’ °9‘f‘s° ““’(‘:'r o&'bé'}’s can

i ncor porat ed by referen

conpri se w ngs, B‘ﬁ‘df"lgapgrefeﬁmy dhetemperature of ﬁ%%m&s bﬂﬂ!ld é?“éﬁ@rﬁﬂé thes
described in co- peabsomgmmmmmmme(gmﬁe tdne offfori ABdLt G8°CAD abiit 260 No.

984, 071, to Yasukoe "Iﬁ\%q VI n

El astici zed Si de Flé/gfadr& Bmf&m%%ﬁ%o EES%%A&SPU\* fl T rer °d’ errber
30, 1992, incor por&caalyplesush gs t}fw%wr-‘eﬁe@ferably used for prometinghthg|reactien
under st ood, howevebetwedicthe tdactiverpdbether amﬁaiusememspo@lm appl- | cable to

other absorbent arti cl f KRtV OFPaRAES Anlbbditent! NRL swoﬂen ‘water-insoluble,
water-swellable absorbent polymer can be made directly from polymerizable,

unsaturated, acid-containing monomers using an aqueous solution

polymerization method as described in the WATER-INSOLUBLE WATER-

15 SWELLABLE POLYMER MATERIALS section. Such swollen absorbent

polymer is also used for making porous absorbent materials of the present
invention.

After making the swollen absorbent polymer, the swollen absorbent

polymer is frozen; for example, by applying a refrigeration means.  The

»  freezing of the swollen absorbent polymer can be madé by any of various
techniques and apparatus used for freezing materials. For example, the
swollen absorbent polymer is carried or passed into an externally refrigerated
compartment and retained therein until frozen. Alternatively, the swollen
absorbent polymer can be circulated around a source of refrigeration such as

s cooling tubes or a bath containing coolant, e.g., liquid nitrogen, dry ice, alcohol
solution, og the like and the frozen slurry collected. _

In preferred embodiments, the freezing of the swollen absorbent
polymer is effected by cooling at temperature below about -10°C, more
preferably below about -30°C, for a sufficient time to cause the freezing. If -

»  the temperature is too high or the time is too short, the swollen absorbent
polymer will not be completely frozen. Typically, more than about 60%,
preferably more than about 80%, more preferably more than about 95%, most
preferably all by weight of the swollen absorbent polymer is to be frozen.

After the freezing of the swollen absorbent polymer, the portion of the

1 frozen water contained in the frozen absorbent polymer is removed or dried by
applying a drying means without passing through the liquid state, i.e. the ice is
converted into the gaseous state by maintaining the absorbent polymer below
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25 such as incontinent briefs, adult incontinent products, training pants,

. di aper I nserts, facial tissues, paper towels, and the |ike.

ARTI FI Cl AL BLOOD PREPARATI ON To prepare the specific artificial
bl ood used in the test methods of the 30 present invention, 3 grans of
Gastric nmucin is dissolved in 460 m of phosphate buffer saline

solution of pH 7.2. After heating the resul#i ng sol ution at 50- 80C
for about 2.5 hours, 2.0 M of 8%l actic aétd is applied to the resulting
solution. The resulting solution is mxed with an equal volune of a fresh,
sterile defibrinated sheep blood, as a result, the resultant m xture is

obt ai ned as 35 t hetheligtmelfifttetrpedalife. ! & btheEvBAldSthe resulting ice in the frozen
TEST METHODS absorbent polymer is sublimed and the water vapor is carried away leaving a

substantially water-free material. The sublimation of ice is accomplished
generally by subjecting the frozen swollen absorbent polymer to a low pressure
s environment. In preferred embodiments, in order to effect effective rates of
sublimation and removal of water to the vapor phase, the frozen absorbent
polymer is subjected to a subatmospheric pressure environment under which
conditions water sublimates directly from the solid phase to the vapor phase.
Vacuum means for providing such a subatmospheric pressure environment are

1o well known in the art of freeze drying. Typically such subatmospheric pressure
is less than about 5.0 Torr and preferably, less than about 1 Torr. _In preferred
embodiments, more than about 80%, more preferably more than about 90%,
most preferably more than about 97% by weight of the water or ice contained
in the frozen absorbent polymer is to be removed. .

15 In a most preferred embodiment, the step of (d) is carried out by drying
the frozen swollen absorbent polymer while maintaining the frozen state of the
frozen absorbent polymer. Therefore, preferably the drying step of the frozen
swollen absorbent polymer is conducted in the same apparatus used for the
refrigeration means. '

2 It should be noted that in some embodiments the swollen absorbent
polymer can be directly subjected to a subatm'ospheric' pressure environment
without the pre-freezing. Because of the latent heat of
evaporation/sublimation, the swollen absorbent polymer can become frozen
spontaneously.

2 In.a further preferred embodiment, the step of (a) is carried out after
the step of (d). More specifically, after making an absorbent polymer material
having a porous structure, the first surface modificatiori compound is applied
onto the porous absorbent polymer material whereby the first surface
modification compound bonds to the surface of the porous absorbent polymer

%  material.

In a further preferred embodiment, the method further comprises the
step of (e) applying a second surface modification compound onto a portion of
a surface of the absorbent polymer thereby bonding the second -surface
modification compound to the absorbent polymer.  The second surface

s modification compound has an additional function for modifying surface
characteristics of the absorbent polymer. The additional function can be the
same function that is provided by the first surface modification compound.
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-34 - A Cont act Angl e Measur enent An absor bent

. material is caused to absorb certain anount (about 5-8% of noisture
and then is placed onto a horizontal supporting plate and conpressed at
5-20 kg/cnm2 to forma sheet consisting of the conpressed 5 absorbent
materi al. Upon supplying a drop of the blood onto the surface of the

sheet, the contact angle defined by the bl god drop and the surface of the

sheet i s measured sinmultaneously by a “ddnt act angle nmeter (type: CA-A
obt ai ned from Kyowa Kai men Kagaku Co., Ltd., Tokyo) equipped with a
canera. The measurenent i s conducted under sta'ndard | abor at ory

condi tions at abou“l‘h&?’ilﬁr{aln[e Qoﬂ-lgonfn?i?{s%é hifsl surface modtﬁcatlon Ebmpoun@l%ﬁﬁ béic
Sur f ace Area Measurenent

e .absor bent
totally dried wit halsp paed, asnthsy sseond s‘fi’éﬁ"ér'??‘ﬁfh ation cgmpgynd 4881{“ ° 'L“h%
speci fic surface aprferied embadiment] ous iofi thet dbev&3desceibezk polyetherEmchtdm‘gendner

(BET) gas absor pti Op,gile }AfyethbR a?nd%&c?\@@' Rbl%ﬂéﬁ’%& ﬁ@ﬁékrdbdsrlHT de2ofid SEHHRE QY €T

of a gas (Krypton) own mass Q sanple at

liquid nitrogen? teWBaﬁfé‘Etlﬂ"émmPﬂ\é“dabsIBraB%e% W%Pﬁegﬂnieﬁ %Hg@lff'bé’d‘e of * py
rai sing the tenper tteabevedestribed polycakions dahde uwdd adabosepdndsufacewdodificationed by

a thermal  condyghiain ¥nelétlyYohting tHe Lot Qe blitation oRPB&TE RAREO an
absorbent polymer via the electrostatic interaction. In a more preferred
embodiment, the first surface modification compound is one of a polyether and

1o a polycation, while the second surface modification compound is the other one
of the polyether and the polycation. »
 Ina preferred embodiment, the step of (¢) is carried out before the step
of (b). More specifically, after the application of the first surface modification
compound onto the absorbent polymer, the second surface modification
15 compound is further applied onto the absorbent polymer. Thus, the second
surface modification compound also bonds to the surface of the absorbent
polymer before swelling of the absorbent polymer.
In an alternative preferred embodiment, the step of (e) is carried out
after the step of (b). More specifically, water is first applied onto a non-
»  swollen absorbent polymer. After the swelling of the absorbent polymer, the
second surface modification compound is applied onto the swollen absorbent
polymer whereby the second surface modification compound bonds to the
surface of the swollen absorbent polymer. '

In a further alternative preferred embodiment, the step of (e) is carried
out after the step of (d). More specifically, after making an absorbent polymer
material having a porous structure, the second surface modification compound
is applied onto the porous absorbent polymer material whereby the second
surface modification compound bonds to the surface of the porous absorbent
polymer material.

'S In still further preferred embodiments, the method of producmg the
absorbent material having modified surface characteristics comprises the
steps of (A) making a porous absorbent polymer; and (B) applying a first
surface modification compound onto a surface of the porous absorbent
polymer, wherein the first surface modification compound has a function

3 for modifying surface characteristics of the porous absorbent polymer.

In a preferred embodiment, the step (A) for making a porous
absorbent polymer comprises the steps of, (1) forming a reaction mixture

v

This is the repiacement sheet

7 1 MAR 1997

Date:



int'egrati ng recorder. The peak area of the desorbed Krypton is thus known.
.20 The specific equipnment used for these neasurenents is Bel sorp 36

obt ai ned from N ppon Bel K K 0.5-1.5 Gans + 0.005 grans of absorbent
mat eri al sanple is weighed into the sanple cell of the apparatus. The
cell containing the sanple is then placed into the gas flow.of the
instrunment. The sanples are outgassed wyth a 30 m/mn Heliumflow to
renove any gases other than 25 Heliumfromthe sanple, typically a m ni num
of 4 hours. After outgassing, the gas flowis changed to a specific
Krypton-Helium gas m xture. The sanple cell . Is imersed in liquid

Ni trogen and al | onwesmpreingedh ae csubstartially mvateAsoluble ahsaaurated omoaomere i S
generated. The abs ,pﬁ.g r | r . j he liquid
Ni t rogen and i mrer g‘.s n %’ﬁe‘y?\%{glf}e{li %ag\kgﬂfngtq g‘g’g\/\gﬁg‘lr ?m?[ﬁremaélgevg%és@ograg‘g% Krypt on
generates a desor p’(“F“GgPl ctasewking gsent senskle s resstingrwich theanonomer to formayr f ace

a][ ea i shobt zgi ned f ahmrwﬁquﬂl'mér.material; and (jii) a sGbstantidllyl Wwakdesslibly ssleens,ur enent
After the absorben ' | ' TaP . at
Soferr]C oot Sr ) sl ekl dellns Aotk A ORI
cylinder. During t Rt tofopmpa dispersion of agticles ef; thenblewingsageabin the t he
table w thout bei ngattignomikturéh(3) expandigi @B tbic¥ing agert odradtesStdfohf dns
measured and the b #jﬁg%%rﬁﬂgw\éﬁ iEI r}@ Ee?kf%ﬁidlj\&%re. and (ﬁlj ye'aginEQhépn%ngrgg'sur ed

sanpl e wei ght by t nmp ne,
and the internal crosslinking agent to form a porous absorbent polymer.
10 A preferred process of the steps from (1) to (4) and an additional

preferred process are described in U.S. application Serial No. 08/038,580,
to Dean V. Phan et al, entitled "Superabsorbent Polymer Foam", Case No.
4838, filed March 26, 1993, the disclosure of which is incorporated by
reference. . "

15 In a preferred embodiment, the step (A) for making a porous absorbent
polymer comprises the steps of; (1) forming a reaction mixture comprising (i) a
substantially water-soluble unsaturated monomer comprising neutralized
carboxyl groups, (ii) a substantially water-soluble internal crosslinking agent
capable of reacting with the monomer to form a absorbent polymer material;

» and (iii) a substantially water-soluble solvent, (2) dispersing a substantially
water-insoluble spacing agent in thie reaction mixture to form a dispersion of
particles of the spacing agent in the reaction mixture, (3) reacting the monomer
and the internal crosslinking agent to form a absorbent polymér, and @)
removing the dispersion of particles of the spacing agent from the water-

s insoluble, water-swellable polymer to form a porous water-insoluble, water-
swellable polymer.

The resulting material of the present invention is an absorbent material
which has surprisingly improved wettability and dispersibility with liquids,
particularly with urine and blood, as compared to that of conventionally

»  derived absorbent material, while maintaining the substantially same absorption
capacity and liquid retention. Under microscopic observations, the freeze dried
absorbent material is in the form of discrete platelets flakes, or sheets. The
freeze-dried absorbent materials tend to appear as walls surrounding and
defining cellular voids. Macroscopically, it is believed that this morphology

s results in the sponge-like or porous appearance of the freeze dried absorbent
material. It is also noted that while cells are apparently surrounded by sheet-
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35 - D. Absor bency Ti me Measurenent 0.25 G ans

. of absorbent material is placed into a Petri dish and 5 m of t he
artificial blood is applied to the absorbent material. The mxture is
stirred with a spatula to maintain the contact of the absorbent
material with the 5 artificial blood. The tine required for the
di sappearance of the liquid is recorded,as the absorbency tine.
PRECURSOR PARTI CLE EXAVPLE An aqueous nononer solution is
prepared consisting of 40 grans of |0 partially neutralized acrylic acid
having a 75 nol % portion thereof neutralized wi th caustic soda, 0.037
‘grams of N, N - net hijkecloesehpalymer ffdkasi ttie shextsdaré 3o somegdegnes disconrinusus amhe
agueous MDNOMEr S OLinktitHbldsand, Gl gdndtal) rbddMble@ACIFIRE sthetde! , ~ which is
subsequently purged with nltrog%n gas to renove the remaining

ABSORBENT ARTICLES MADE FROM THE ABSORBENT MATERIALS
5 The absorbent materials according to the present invention can be used
for many purposes in many fields of use. For example, the absorbent materials
can be used for packing containers, drug delivery devices; wound cleaning
devices; burn treatment devices; ion exchange column materials; construction
materials; agricultural or horticultural materials such as seed sheets or water-
1w  retentive materials; and industrial uses such as sludge or oil dewatering agents,
materials for the prevention of dew formation, desiccants, and humidity control
materials. .
Because of the unique absorbent properties of the absorbent materials
of the present invenfion, they are especially suitable for use as absorbent cores
15 in absorbent articles, especially disposable absorbent articles. As used herein,
the term "absorbent article" refers to articles which absorb and contain body
exudates and more specifically refers to articles which are placed against or in -
proximity to the body- of the wearer to absorb and contain the various exudates
discharged from the body. Additionally, "disposable" absorbent articles are
»  those which are intended to be discarded after a single use (i.e., the original
absorbent article in its whole is not intended to be laundered or otherwise
restored or reused as an absorbent article, although certain materials or all of
the absorbent article can be recycled, reused, or composted).
In general, an absorbent article comprises: (a) a liquid pervious topsheet
23 which is located adjacent to the wearer's body; (b) a liquid impervious
backsheet Mhich is located distant from the wearer's body and adjacent to the
wearer's ciothing; and (c) an absorbent core positioned between the topsheet
and the backsheet. The absorbent core comprises at least one of the above
described absorbent materials.  Preferably, the absorbent core further
3»  comprises a substrate web attached to the absorbent material.  Alternatively,
the absorbent core further comprises an envelope web encasing the absorbent
material. In more preferred embodiments, the absorbent material in the
absorbent core has a basis weight of from about 60 g/m? to about 1500 g/m2,
more preferably from about 100 g/m2 to about 1000 g/m2, most preferably
3 from about 150 g/m2 to about 500 g/m?2 of the absorbent material.
In some preferred embodiments, the absorbent core can further
comprise fibers or fluff pulp (fibrous or fiber material), more specifically, non-
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enthrapped air fromthe reaction system Then, the m xture was sti rred and
-15° heated to about 45[err]C, and a solution of 0.23 grans of

2,2 -azo-bis-(2- am di nopr opane) - di hydrochloride in | gramof water is
added thereto as a pol ynerization initiator. Polymerization begins
about 15 mnutes after the addition of the polynerization initiator.
Wth the progress of the polynerlzathﬂ t he aqueous nononer sol ution
gives rise to a soft water- 20 containing gel. The inner tenperature of
the reaction systemis kept at 80 - 90C for hours to further conplete
t he pol ynerization. A swollen gel polyner Is formed. This swollen gel

polymer is itself absoetsent-pelliraf €iberkx agpdhefiber material can be Tused ragsreinfarcing swol | en

gel polymer thus ﬁ%%b&‘?ﬁﬂ{e%?%gﬁ?g g]m%]o% g’?ﬂ?dr dlﬂmdhrﬁgﬁpe édréeas g@ﬁ%& gauge

and dried with a
pul verized with aafRnmbserbeny yathe agh%wrbeahaolsmvrﬁedl’wfqrwha the abﬁeeheer %70 sieve

(850 microns) to Qiehales frpardbogl W/ottbabomaxm biﬁrvm@h of iR ﬁsaﬂ&ar:ﬁhtm si eve.
AS a resul L, qaé’ ﬂ%’ﬂ\' Lb%up 86% 1o outpﬁf}o Ibg Iwee?gh R}%ﬁr beri)é‘a_g tygnﬁ‘mg are

obt ai ned. 100
Grans of precur soffibgranatedal distributed withingheahsochersanajgriah t he Pr ecur sor

Particle Exanple are plaagagpe Gﬂﬁbeﬁ rRatétiaR Mhicht i8 ditdtle It G586 -dolidtional M Xer .
part) ol 65 pass ¢ nEgELL t"%ﬁa b 3 3 BBt Rork PRl " SHSE ne

particles pass throug

on a st andar d exarmpless pE guch( fll!m mqterrab irgjude orllulose, fibess mgdtﬁqrcbpdlulme

consisting of B fibers, rayon, polypropylene, and polyester fibers such as polyethylene

terephthalate (DACRON), hydrophilic nylon (HYDROFIL), and the like.

Examples of other fiber materials for use in the present invention in addition to

some already discussed are hydrophilized hydrophobic fibers, such as

surfactant-treated orssilica-treated thermoplastic fibers derived, for example,

15 from polyolefins such as polyethylene or polypropylene, polyacrylics,

polyamides, polystyrenes, polyurethanes and the like. In fact, hydrophilized

hydrophobic fibers which are in and of themselves not very absorbent and

~ which, therefore, do not provide webs.of sufficient absorbent capacity to be

useful in conventional absorbent structures, are suitable for use in the absorbent

»  core by virtue of their good wicking properties. This is because, in the

absorbent core herein, the wicking prdpensity of the fibers is as important, if

not more important, than the absorbent capacity of the fiber material itself due

to the high rate of fluid uptake and lack of gel blocking properties of the

absorbent core. Synthetic fibers are generally preferred for use herein as the

3 fiber component of the absorbent core. Most preferred are polyolefin fibers,
preferably:polyethylene fibers.

Other cellulosic fiber materials which can be useful in certain absorbent
cores herein are chemically stifféned cellulosic fibers. Preferred chémically
stiffened cellulosic fibers are the stiffened, twisted, curled cellulosic fibers

» which can be produced by internally crosslinking cellulose fibers with a
crosslinking agent. Suitable stiffened, twisted, curled cellulose fibers useful as
the hydrophilic fiber material herein are described in greater detail in U.S.
Patent 4,888,093 (Dean et al), issued December 19, 1989; U.S. Patent
'4,889,595 (Herron et al), issued December 26, 1989; U.S. Patent 4,889,596

33 (Schoggen et al), issued December 26, 1989; U.S. Patent 4,889,597 (Bourbon
et al), issued December 26, 1989; and U.S. Patent 4,898,647 (Moore et al),
issued February 6, 1990, all of which are incorporated by reference.
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35 grams of reactive polyethylene glycol (nolecular weight 680) having a

. brom de termnal group, dissolved into 20 grans of hexanet hyl phosphoric
triam de (HVMPT). The solution is .sprayed onto the entire precursor
particles with a -36 -

sprayer (type: 24-182-04; available fromluchi Seieido Co., Ltd., Osaka,
Japan). The solution is sprayed onto the pregcursor particles, while the
m xer is operating at slow speed, for a period of about 4 m nutes,
i.e. until alnost all of surfaces of the precursor particles are
coated with the solution. After the 5 spraying has been conpleted, the
m xture of wet precursoA praferred embodimentiof ght disposable abisprbent; agtidie ts asdianes

setting for 2 to 5 A¥ulbd Rérein/tht Brmt"BRpLF" ¥éfE19 1Pk eMfeht génBRilly worn bEiRBRtsat ur e
of the mixture of Vgﬁ&'i cgr?t?n%;xts gerrsd%grtﬁalt Cls! \?v%rnl z?bogta{hgtlg\;/enret%rs%tofatﬁg wearer. A
preferred diaper configuration for a diaper comprising an absorbent core is
s  described generally in U.S. Patent 3,860,003 (Buell), issued January 14, 1975,
which is incorporated by reference. Alternatively preferred configurations for
- disposable diapers herein are also disclosed in U.S. Patent 4,808,178 (Aziz et
al), issued February 28, 1989; U.S. Patent 4,695,278 (Lawson), issued
September 22, 1987; U.S. Patent 4,81'6,025 (Foreman), issued March 28,
w  1989; and U.S. Patent 5,151,092 (Buell et al.), issued September 29, 1992, all
of which are incorporated by reference. .

Another preferred embodiment of the disposable absorbent article is a
catamenial product. Preferred catamenial products comprise a formed-film,
apertured topsheet, as disclosed in U.S. Patent 4,285,343 (McNair), issued

15 August 25, 1981; U.S. Patent 4,608,047 (Mattingly), issued August 26, 1986;
and U.S. Patent 4,687,478 (Van Tilburg), issued August 18, 1987, all of which
are incorporated by reference.

Preferred catamenial products can comprise wings, side flaps, and other
structures and elemeﬁts, as described in co-pending, commonly-assigned U.S.

20  application serial No. 984,071, to Yasuko Morita, entitled "Absorbent Article
Having Elasticized Side Flaps", Attorney Docket No. JA-O9RM, filed
November 30, 1992, incorporated herein by reference.

It should be understood, however, that the present invention is also

_ applicable to other absorbent articles known commercially by other names,

33 such as incontinent briefs, adult incontinent products, training pants, diaper-

inserts, tﬁgial tissues, paper towels, and the like.

ARTIFICIAL BLOOD PREPARATION
To prepare the specific artificial blood used in the test methods of the
30 present invention, 3 grams of Gastric mucin is dissolved in 460 ml of phosphate
buffer saline solution of pH 7.2. After heating the resulting solution at 50-
80°C for about 2.5 hours, 2.0 m! of 8% lactic acid is applied to the resulting
solution. The resulting solution is mixed with an equal volume of a fresh,

sterile defibrinated sheep blood, as a result, the resuitant mixture is obtained as
s the blood used in the test methods.

TEST METHODS
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150[err]C to cause the reactive polyether to chemcally bond onto the
.particul ate absorbent polyner effectively. The resultant absorbent
polymer is washed 10 wth 200 grans of nethanol and then is spread on a
standard #50 size netal gauge and dried with a hot "air at 80[err]C
‘The dried particles are pulverized with -a hammer type crusher and
sifted with a standard #20 sieve (850 micrgps) to obtain particles

t hat pass through the standard #20 sieve. "As a result, dry - white
particles of the absorbent material are obtained. The contact angle of 15
bl ood on the absorbent material is | ess than about 10 degree. Even-after
washi ng wi th nmet hanol , Ahe QontaacAngltBlessuréinenot affected significantly.
The absor bency ti | : _Q0
EXAVPLE 220 o A3pRE o BIERAE T mveorh conin amout (oot 3200
non-reactive ofompistyrs | and othen yis gilacedoonie (4 donzenta hsuppotting Rlatg, and of
pol yal | yl am;c ne andcohifPessed at §+28nkp/erh? 168 fbran al shecthsdnsistingt 6O thei confppgkéded t 0
100 grans of precu | ' 1t ecur sor
part Lole. Exanpl b, AagarbeR il Bpon supplfE f aldh ST 6o e rtelpeih T 0D

that the precursorshselr thecpatacinagle defined bythebloss drop and thesuripee ofjthe sheetg50
microns) and are rigtnidaned gimuRafdoashyl8y & dohfiot Grigh eheter (type:1OR-A sbitalnes) . The

R
net hanol i ncl uded Mmeasufementds gpndupted phder gtandard laboratnsy qenditiamy at aboub23C,
1 (73°F).
B. Specific Surface Area Measurement .

. After the absorbent material is totally dried with a vacuum oven at 50°C
for 24-40 hours, the specific surface area is measured using the Brunauer-
Emmet-Teller (BET)»gas absorption method. This method involves absorbing

s a monolayer of a gas (Krypton) on a known mass of an absorbent material
sample at liquid nitrogen temperature. The absorbed Krypton is then desorbed
- by raising the temperature of the sample (thermal desorption) and detected by a
thermal conductivity detector (TCD) whose output is connected to an
integrating recorder. The peak area of the desorbed Krypton is thus known.
»  The specific equipment used for these measurements is Belsorp 36 obtained
from Nippon Bel KK. 0.5-1.5 Grams + 0.005 grams of absorbent material
sample is weighed into the sample cell of the appgratus. The cell containing the
sample is then placed into the gas flow of the instrument. The samples are
outgassed with a 30 ml/min Helium flow to remove any gases other than
3 Helium from the sample, typically a minimum of 4 hours. After outgassing, the
gas flow is changed to a specific Krypton-Helium gas mixture. The sample cell
is immersed in liquid Nitrogen and allowed to reach equilibrium. An
absorption curve is generated. The absorbed Krypton is then desorbed by
removing the liquid Nitrogen and immersing the vial in warm tap water. The
»  absorbed Krypton generates a desorption curve and a peak value. The specific
surface area is obtained from BET plot.
C. Bulk density measurement

After the absorbent material is totally dried with a vacuum oven at 50°C
for 24 hours, the sample is packed in a 10 ml graduated cylinder. During the
35 packing, the graduated cylinder is kept at the table without being tapped. The
weight of the packed sample is measured and the bulk density is obtained by

dividing the measured sample weight by the sample volume (10 ml).
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evéporator, the resultant product is vacuumdried at 40[efr]C to obtain the
.30 absorbent material. The dried absorbent material is pulverized with a

hanmer type crusher and sifted with a standard #20 sieve (850 m crons)
to obtain particles that pass through the standard #20 sieve. As a
result, dry white particles of the absorbent material are obtained.
The contact angle of blood on the surfgce of the absorbent material is
| ess than about 10 degree. The 35 absorbency tine i's about 60 seconds.
-37 - Upon contacting with urine, the resulting particles of

t he absor bent mat eri al becone interconnected spontaneously to forma -

macrostructure havi My i nAbsorbehcyTime Meg@ikdnient
0.25 Grams of absorbent material is placed into a Petri dish and 5 ml of
the artificial blood is applied to the absorbent material. The mixture is stirred
with a spatula to maintain the contact of the absorbent material with the -
s artificial blood. The time required for the disappearance of the liquid is
recorded as the absorbency time.

PRECURSOR PARTICLE EXAMPLE
An aqueous monomer solution is prepared consisting of 40 grams of
10 partially neutralized acrylic acid having a 75 mol% portion thereof neutralized
with caustic soda, 0.037 grams of N,N'-methylene-bis-acrylamide, and 60
grams of water. The aqueous monomer solution is fed into the reaction vessel,
which is subsequently purged with nitrogen gas to remove the remaining
entrapped air fromsthe reaction system. Then, the mixture was stirred and
15 heated to about 45°C, and a solution of 0.23 grams of 2,2-azo-bis-(2-
amidinopropane)-dihydrochloride in 1 gram of water is added thereto as a
polymerization initiator. Polymerization begins about 15 minutes after the
addition of the polymerization initiator. With the progress of the
polymerization, the aqueous monomer solution gives rise to a soft water-
»  containing gel. The inner temperature of the reaction system is kept at 80 -
90°C for hours to further complete the polymerization. A swollen gel polymer
is formed. This swollen gel polymer is itself used in later Examples.
The resultant swollen gel polymer thus obtained is spread on a standard
#50 size metal gauge and dried with a hot air at 150°C. The dried particles are
2 pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve.” As
a result, dry white precursor particles of absorbent polymer are obtained.

) EXAMPLE 1
%0 100 Grams of precursor particles made in accordance with the
Precursor Particle Example are placed into a S quart standing kitchen-type
mixer. The precursor particles have a particle size such that the precursor
particles pass through a standard #20 sieve (850 microns) and are retained on a
standard #100 sieve (150 microns). A solution is prepared consisting of 2
33 grams of reactive polyethylene glycol (molecular weight 680) having a bromide
terminal group, dissolved into 20 grams of hexamethylphosphoric triamide
(HMPT). The solution is sprayed onto the entire precursor particles with a
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5 EXAMPLE 3 A solution is
.prepared consisting of 2 grans of a reactive polyether and 100 grans of
met hanol . The reactive polyether is a product of |ow nolecul ar wei ght
(about 189) pol yethyl eneim ne with ethyl ene oxide to achi eve about 15

et hoxyl ate repeat units (TEPA-E[err]) at the active hydrogen sites. The
solution 10 is applied to 100 grans of preﬁyrsor particles nade in

accordance with the Precursor Particle Exanple. The precursor particles
have a particle size such “that the precursor particles pass through a
standard #20 sieve (850 m crons) and are retained on a standard #100

si eve (150 mi cr ons)sprayeTh@ypei x24ut82-04s availablehfyomubyichiy Seieide dCo tLivd.a Gshka, r i ng
spatula until all gipa?xf'eTHE ?&Mfo?\% ea bﬁtloEfﬁe esu#é é)am%feg %thﬁJh&Qxeis above

solution. After the rret ano mxture 1.s

evaporated by a roCBFP "é&/%fﬁ iPG? "H’epelnég Bffboﬂ'ff“ﬁf'%&%f e uptil, glmgstall of
dried at 40[err] C tsurfages af thet;brecmimcpabem annteatedvith The solafigi] aAfer thent

material is  , pubuehi Echem dtnlert mlxggwsf SE t&;ﬁ&g%@k{ g

standard #20 siev e pass hrough
the standard #20 sithk/Righest spegd SQ"PS&&H% to ér'?'"mﬁt d\fjes the mixing BﬂOcQsﬁet e
absorbent material temperainesofithel mixtiifecof wet présursof partieleg iemaihtaliled @t abuit t he

absorbent material 15§ ot {5 gadsE B2 RRAVE pdiferie b Chiemically bohll %n%&iwytgt ‘e

about 80 seconds
lASsoI u? ion i : pr ep&P\‘é’Hbeé‘bRQ'iyg‘F'i effectively gThensesyltans sbgasbeny | polyaneg is, washed

with 200 grams of methanol and then is spread on a standard #50 size metal
gauge and dried with a hot air at 80°C. The dried partlcles are pulverized with
a hammer type crusher and sifted with a standard #20 sieve (850 microns) to
obtain particles that pass through the standard #20 sieve. As a result, dry
white particles of the absorbent material are obtained. The contact angle of

15 blood on the absorbent material is less than about 10 degree. Even after
washing with methanol, the contact angle is not affected significantly.  The
absorbency time is about 85 seconds.

EXAMPLE 2
20 A solution is prepared consisting of 2 grams of non-reactive
polyethylene glycol (molecular weight 600), 1 gram of polyallylamine and 100
grams of methanol. The solution is applied to 100 grams of precursor particles
made in accordance with the Precursor Particle Example. . The precursor
particles have a particle size such that the precursor particles pass through a
2 standard #20 sieve (850 microns) and are retained on a standard #100 sieve
(150 mlcrpns) The mixture is thoroughly mixed with a stirring spatula until
all of the precursor particles are wetted with the above solution.  After the
methanol included in the resultant mixture is evaporated by a rotary
evaporator, the resultant product is vacuum dried at 40°C to obtain the
»  absorbent material. The dried absorbent material is pulverized with a hammer
type crusher and sifted with a standard #20 sieve (850 microns) to obtain
particles that pass through the standard #20 sieve. As a result, dry white
particles of the absorbent material are obtained. The contact angle of blood on
the surface of the absorbent material is less than about 10 degree. The
33 absorbency time is about 60 seconds. |
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(ol ecul ar wei ght 600), 3.3 grans of Kynene Plus (30%resin active), and
.1,500 grans of distilled water. The pol yethyl ene glycol is 2 weight parts
and the Kynene Plus is 1 weight part for 100 wei ght parts of precursor
particles of t he absorbent polyner. The solution is applied to 100
grans of precursor 30 particles nmade in accordance with the Precursor
Particle Exanple. The precursor parti{cles have a particle size such
that the precursor particles pass t hrough a standard #20 sieve (850

m crons) and are retained on a standard #100 sieve (150 microns). The
m xture is thoroughly mxed with a stirring spatula until all of the
precursor particles areUponteetactihgiivith urine the eiltingSparidésuof the. abisprbent

contacting with th@r[:a?cma\”'tde e d&grcg{? Q{CQe nﬁﬂé Mt ti8rnt S tfacrostructuVe! |

by absorbing the | NC e so ution. Xing tenperature is
about 2 [err]C Thé‘W'@%H\‘HW\‘R}W‘?&SﬁYabsorbent pol ymer is then freeze
dried using -38 -

s _ EXAMPLE 3

A solution is prepared consisting of 2 grams of a reactive polyether and
100 grams of methanol. The reactive polyether is a product of low molecular
weight (about 189) polyethyleneimine with ethylene oxide to achieve about 15
ethoxylate repeat units (TEPA-E|5) at the active hydrogen sites. The solution
0 is applied to 100 grams of precursor particles made in accordance with the
Precursor Particle Example. The precursor particles have a particle size such
that the precursor particles pass through a standard #20 sieve (850 microns)
and are retained on a standard #100 sieve (150 microns). The mixture is
thoroughly mixed with a stirring spatula until all of the precursor particles are
15 wetted with the above solution. After the methanol included in the resultant
mixture is evaporated by a rotary evaporator, the resultant product is vacuum
dried at 40°C to obtain the absorbent material. The dried absorbent material is
pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve. As
»  a result, dry white particles of the absorbent material are obtained. The
contact angle of blood on the absorbent material is less than about 10 degree.

The absorbency time is about 80 seconds.

EXAMPLE 4

2 A solution is prepared consisting of 2 grams of polyethylene glycol
(molecular weight 600), 3.3 grams of Kymene Plus (30% resin active), and
1,500 grams of distilled water. The polyethylene glycol is 2 weight parts and
the Kymene Plus is 1 weight part for 100 weight parts of precursor particles of
the absorbent polymer. The solution is applied to 100 grams of precursor

%  particles made in accordance with the Precursor Particle Example.  The
precursor particles have a particle size such that the precursor particles pass
through a standard #20 sieve (850 microns) and are retained on a standard
#100 sieve (150 microns). The mixture is thoroughly mixed with a stirﬁng
spatula until all of the precursor particles are contacted with the above

35 solution. Upon contacting with the solution, the absorbent polymer starts to
swell by absorbing the water included in the solution. Mixing temperature is
about 2 °C. The resulting swollen absorbent polymer is then freeze dried using
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a freezing drying apparatus (avail able from TOKYO Rl KAKI KAl CO., LTD.,
-Tokyo). The swol |l en absorbent polyner is introduced into stainless trays
which are then placed in a freezer at an effective cooling tenperature of
about - 20C. The frozen absorbent polyner is then placed in the freeze
drying 5 apparatus and the water is renoved by sublimation under a vacuum
of about 0.05 Torr. The dried absorbentgmaterial is pulverized with a
hanmer type crusher and sifted with a standard #20 si eve (850 microns)
to obtain particles t hat pass through the standard #20 sieve. As a
result, dry white particles of - t he absorbent material are obtained.

The contact angl e affretdimgdrying apperatitO(aviitablel ftomn TOKND REGAKIKAL €0i,diTD.s | ess

than about 10 degr Bkyo he?@ %%ﬁ&f' Qlysome Eolg uerois ihtrSauced iHtd %ﬁinléﬁ;&s’pe nt

material i s about se rface area o f
resul t ant absorbent’v hich aesythen placed i fezsrzeeneﬁwlgecoﬂ#esfﬁmnsm&gﬁg fRput - of

the resultant absop@ht Thé ozen abs&rb&iﬁopﬁlyrﬁerhsghm"rblamd in the freeze dlymg

EXAMPLE 5 gr ans
resin active), an ne
glycol is 2 weight cﬂelie‘t&n@ﬁ&ed wathtaf'ﬁatﬂyrﬁme ststos:nIbro:s) @Mbtmpimélef 100

wei ght par ts of 't g ABAQTAEHNn 41U seaRBhrd W56 siedd! A%) Wb lr) SR BFT 0 the

swol I en gel pol yner
the absorbent matenal are obtained. The contact angle of blood on the

10 resultant absorbent material is less than about 10 degree. The absorbency time
of the resultant absorbent material is about 6 seconds. The spe,pfﬁc surface
area of the resultant absorbent material is about 1200 cmZ/g. The bulk densify
of the resultant absorbent material is about 0.1 gram/cc.

»
15 EXAMPLE 5
An aqueous solution is prepared consisting of 2 grams of polyethylene
glycol (molecular weight 600), 3.3 grams of Kymene (30% resin active), and
1,200 grams of distilled water. The polyethylene glycol is 2 weight parts and
the Kymene Plus is 1 weight part for 100 weight parts of the absorbent

» polymer. The solution is sprayed onto the swollen gel polymer made before
drying in accordance with the Precursor Particle Example and mixed 'togethe'r.
The resulting mixture is then freeze dried using the freezing drying apparatus.
The mixture of absorbent polymer is introduced into stainless trays which are
then placed in a freezer at an effective cooling temperature of about -20°C.

s The frozen absorbent polymer is then placed in the freeze drying apparatus and
the water'is removed by sublimation under a vacuum of about 0.05 Torr. The
dried absorbent material is pulverized with 8 hammer type crusher and sifted
with a standard #20 sieve (850 microns) to obtain particles that pass through
the standard #20 sieve. As a result, dry white particles of the absorbent

»  material are obtained. The contact angle of blood on the resultant absorbent
material is less than about 10 degree. The absorbent time of the resultant
absorbent material is about 10 seconds. = The specific surface area of the
resultant absorbent material is about 1500 cm2?/g. The bulk density of the
resultant absorbent material is about 0.1 gram/cc.

35

EXAMPLE 6
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drying in accordance with the Precursor Particle Exanple and m xed

.toget her. The resulting mxture is then freeze dried using the freezing
dryi ng appar at us. The m xture of absorbent polymer is introduced into
stainless trays which are then placed in a freezer at an effective
cooling tenperature of about -20[err]C. 25 The frozen absorbent polyner is
then placed in the freeze drying apparatus_ﬁﬂg the water is renoved by
subl i mati on under a vacuum of about 0.05 Tofrr. The dri ed absorbent
material is pulverized with a hamer type crusher and sifted with a
standard #20 sieve (850 mcrons) to obtain particles that pass through

the standard #20 sieve. mﬁf%aods%mtrbn iflprepatéd tenspeig bE 2 @rane oft the resbthwer bent
30 nmmterial are obhtaiped. t act | e of ~bj he L@y
absor bent mat &cal%'gp\elré g‘géﬁgﬂaaﬁga ggtggrirﬂé). g(?rlsglggd %Jé abzgersgent r%i me
of the resultant  polyetliss wapdrweightans £or 100 weighit party of sheyghsarbent pghymer.

speci fic surface arfi @futioRds e ed 65! 100 rardh 9P the BreciiBbrepirtitles MaddiLit

;gggt cg‘? /1g§r yr]r? c’tc)%“ ag'ggr Qnsclet»}//itho he lbrgcursor Particie gcé”‘nrllggle aatqé %i?e&e g%% Er 'Gﬂe 'S

precursor particles absorb water from the solution and begin to swell. The
resulting swollen mixture is then freeze dried using the freezing drying
apparatus. The mixture of absorbent polymer is introduced into stainless trays
which are then placed in a freezer at an effective cooling temperature of about -
0w 20°C for about 5 hours. The frozen absorbent polymer is then placed in the
freeze drying apparatus and substantially all the water is .removed by
sublimation under a vacuum of about 0.05 Torr. The dried absorbent material
is pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve. As
s a result, dry white particles of the absorbent material are obtained.  The
contact angle of blood on the resultant absorbent material is less than about 10
degree. The absorbency time of the resultant absorbent material is about 11
seconds. The specific surface area of the resultant absorbent material is about

1500 cm2/g. The bulk density of the resultant absorbent material is about-0.1
2  gram/cc.

EXAMPLE 7

1,500 grams of distilled water is applied to 100 grams of precursor

particles made in accordance with the Precursor Particle Example.  The

25 precursor particles have a particle size such that the precursor particles pass
through-a standard #20 sieve (850 microns) and are retained on a standard
#100 sieve (150 microns). The mixture is thoroughly mixed with a stirring
spatula until all of the precursor particles are contacted with the above
solution. Upon contacting with the solution, the absorbent polymer starts to

%  swell by absorbing the water included in the solution. Mixing temperature is
about 2 °C. The resulting swollen absorbent polymer is then freeze dried using

a freezing drying apparatus (available from TOKYO RIKAKIKAI CO., LTD,,
Tokyo). The swollen absorbent polymer is introduced into stainless trays
which are then placed in a freezer at an effective cooling temperature of about -

3 20°C for about S hours. The frozen absorbent polymer is then placed in the
freeze drying apparatus and substantially all the water is removed by
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- 39 - An aqueous solution is prepared consisting of 2 grans
.of the reactive pol yet her (TEPA-E[err]) and 1000 grans of distilled

wat er . The reactive pol yet her was 2 wei ght parts for 100 wei ght parts
of the absorbent pol yner. The solution is sprayed onto 100 granms of the
precursor particles nmade in 5 accordance with the Precursor Particle
Exanpl e and m xed together. The precurgor particles absorb water from
the solution and begin to swell. The resulting swollen mxture is then
freeze dried using the freezing drying apparatus. The m xture of
absorbent polyner is introduced into stainless trays ~which are then

pl ?Ced] i nf a f rgeze%uﬁljiflnaﬁﬂn einfi&ch }v‘déhuﬁpef %ﬁtﬁlttma‘ro&t urss ofresultpdty whit®
20[err] C for about 5 ur The [frozen.absaor polymer is then placed in
t he freeze dr yipﬁﬁ‘cgf)nggf‘g?rbﬁ‘d“@ﬁ%@f"aerﬂbﬁg'{é y all the water. is renoved
by subl i mati on unden0@ Granuefithe driedhabserbent Palymer pre plased iy 3 & itesHlagk: hent

mat er i al I's pul ¥ epiufigh w;_srbpeaemﬂﬁmm%yaezcgmb%f anpolgéthylad giyedh a
standard #20 sieve

PLIN 020 S (opeiou GO gt of AT 0 ol 0"
absorbent material TEhesolotiomisirstbducediimso the flask; cFemixtuse isiteoronghly mixed witht he
resul tant absorbent, pirglspatulalutil ST tHekBEbrBENP Polyrher particles are wetted with the
above solution. After the methanol included in the resultant mixture is
evaporated by a rotary evaporator, the resultant product is vacuum dried at
1w 40°C to obtain the absorbent material. The dried absorbent material is
pulverized with a hammer type crusher and sifted with a standard #20 sieve
(850 microns) to obtain particles that pass through the standard #20 sieve. As
a result, dry white particles of the absorbent material are obtained.  The
| contact angle of bleod on the absorbent material is less than about 10 degree.
s The absorbency time is about 6 seconds. The specific surface area of the
resultant absorbent material is about 1200 cm2/g.  The bulk density of the
resultant absorbent material is about 0.1 gram/cc.
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deg}ree. The absorbency tine of the resultant absorbent material is about 11
.seconds. The specific surface area of the resultant absorbent material is

about 1500 cnR/g. The bul k density of the resultant absorbent materi al
Is about 0.1 20 granicc. EXAMPLE 7
1,500 grans of distilled water is applied to 100 granms of precursor :
particles nmade in accordance with the Precursor Particle Exanple. The 25
precursor particles have a particle si4® such that the precursor particles
pass t hr ouWhatisdlamiethgsd #20 sieve (850 mcrons) and are retained on a
st andard #100 sieve (150 mcrons). The m xture is thoroughly m xed
wth a stirring spatula until all of the precursor particles are

contacted with the above An absarbenyimaterial bpving medifigd isurfecevgharactergtics.ol ut i on,

the absorbent pehatacériZet & that it ComiftisesVel | by absorbing the water included
In the solution. Mxir‘}& '

te ture is bout [err]C. The resulting
swol | en absor bent pof’yrréerr_"{"gg’ﬁ@ﬁeﬁ'iﬁ'é‘gi%blaPP@H‘?D?P%Q . a freezing drying
appar atus (avai | abl eaf feagive iydphilik qompaund-chemicallp. bonded toTsgid) water- The

swol | en absor berndsolley Whter-swellable peed i nt o stainless trays whi ch are
then placed in a freezer. at, an ect,i v ool 1 ng tenper at ur f .about - 35
20[err] C for about S“ﬁ%{ﬂ"s.hmﬁ?é'%‘c; 308lR Qib@%? &fte 5'6'?%}%&1 Taédaf’%gn’eﬂﬁ aced in
t he f r eeze mpteriahis fepppl degresstofiiegiebst antial ly all the water is renoved
by

2. The absorbent material of Claim 1 characterized in that said reactive

hydrophilic compound is selected from the group consisting of a positive-
charge supplying compound, preferably having a plurality of positive-charged
groups, a non-ionic reactive hydrophilic compound having at least ornie
functional group, preferibly a polyether, and combinations thereof.

3. The absorbent material Claim 2 characterized in that said reactive
polyether comprises a backbone and a reactive terminal functional group
bonded to said backbone, said backbone is selected from the group consisting
of a polyethylene glycol, a polypropylene glycol, and a poly(oxyethylene-
oxypropylene) copolymer, and said reactive terminal functional group is
selected from the group consisting of an epoxy group, an amino group, and a
halogen group. '

4, An absorbent material having modified surface characteristics,
characterized in that is comprises:

a wa@{-insoluble, water-swellable polymer;

a positive-charge supplying compound bonded to the said water-
insoluble, water-swellable polymer, said positive-charge supplying compound
preferably having a polycation having a plurality of positive-charged groups;
and

a non-ionic hydrophilic compound bonded to said water-insoluble,
water-swellable polymer, said non-ionic hydrophilic compound preferably being
a non-reactive polyether.

5. The absorbent material of Claim 4 characterized in that the contact
angle of blood on a surface of said absorbent material is from 0 degree to 40
degree.
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-40 - sublimati on under a vacuum of about 0.05 Torr. As a result,
dry white particles of the absorbent material are obtained.

100 Grans of the dried absorbent polyner are placed in a 2 liter flask.
A solution is prepared consisting.of 2 grans of a pol yethyl ene glycol 5

(ol ecul ar wei ght 600),

1 gram of polyallylamne and 500 grans of nethanol.

The solution is introduced into the flask2 The m xture is thoroughly m xed
W th a stirring spatula until all of the absorbent polyner particles
are wetted w thet he The asorbent bl bDany of Chiirhe4 1d 5 ehametdizadin thatchidded i n

osul tant pr odulPPPaRy i seected BRAARE Bl cOlfiind B L) BoPHERTRARGpAmNIC

material. The AMINEJSHNRH B polymsisehaving sesondary amine groups: (3) polymers

having tertiary amine groups. and (4) polymers having quaternary amine
groups.

7. The absorbent material of any of Claims 1 to 6 characterized in that said
water-insoluble, water-swellable polymer is a crosslinked polyelectrolyte, said
crosslinked polyelectrolyte preferably being selected from the group consisting
of a crosslinked polyacrylate sodium, a crosslinked polymethacrylate sodium, a
crosslinked polyacrylate potassium, a crosslinked polymethacrylate potassium,
a crosslinked starch grafied polyacrylate, a crosslinked starch grafted
polymethacrylate, a crosslinked polyvinyl alcohol grafted polyactylate, a
crosslinked polyvinyl alcohol grafted polymethacrylate, a crosslinked carboxy
methyl cellulose, a crosslinked cellulose grafted polyacrylate, and a crosslinked
cellulose grafted methacrylate.

8. An absorbent article comprising: (a) a liquid pervious topsheet; (b) a
liquid impervious backsheet; and (c) an absorbent core positioned between said
topsheet and said backsheet, said absorbent core characterized in that it
comprises at least one porous absorbent material of any of Claims 1 to 7.

9. A method for making an absorbent material having modified surface
characteristics, characterized in that it comprises the steps of:

_ (A) applying an amount of a reactive hydrophilic compound,
preferably a reactive polyether, onto a water-insoluble, water-swellable

polymer; and

(B) reacting said reactive hydrophilic compound with said water-

insoluble, water-swellable polymer to provide a contact angle of blood on a
surface of said absorbent material from 0 degree to 40 degree.
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pul verized with a hanmmer type crusher and sifted with a standard #20 si eve
(850 mcrons) to obtain particles that pass through the standard #20 sieve.
As aresult, dry white particles of the absorbent material are

obtai ned. The contact angle of blood on the absorbent material is |ess
t han about 10 degree. 15 The absorbency tine is about 6 seconds. The
specific surface area of the resul tant absorbent material is about

1200 cnR/g. The bulk density of the _ 43resultant absorbent material is
about 0.1 gram cc. 41 What is

clainmed is: 1. An absor berdpgmragT al havi ng nodi f i ed surface
characteristics, characterized in that it conprises: :

wat er -i nsol ubl e, watxBSORBENT:MATERIAY:Se HAVANG MODIFIED SURFACE
CHARACTERISTICS AND METHODS FOR MAKING THE SAME

An absorbent material that comprises a water-insoluble,
water-swellable absorbent polymer. The absorbent material
comprises a reactive polyether chemically bonded to the absorbent
polymer whereby the contact angle of blood on a surface of the
absorbent material attains from about 0 degree to about 40
degrees. Because of the improved wettability with liquids, the
absorﬁént material can provide higher absorbent characteristics
with liquids, in particular with blood.

(No suitable figure)
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a reactive hydrophilic conpound chem cally bonded to said water- insoluble,
wat er - swel | abl e pol yner; wherei n it he contact angle of blood on a
surface of said absorbent material is fromO degree to 40 degree. 2.

The absorbent material of Caim1l characterized in that said reactive
hydrophilic conpound is selected fromthe group consisting of a positive-
charge suppl yi ng conpound, preferably having a plurality of
positive-charged groups, a non-ionic reactive hydrophilic conpound havi ng
at | east one functional group, preferabli/a4polyether, and conbi nati ons

t hereof 3. The absorbent material Caim2 characterized in that said
reactive pol yether conprises a backbone and a reactive termnal functional
group bonded to said backbone, said backbone is selected fromthe group
consisting of a polyethylene glycol, a polypropylene glycol, and a

pol y(oxyet hyl ene- oxypropyl ene) copol yner, and said reactive term nal
functional group.is selected fromthe group consisting of an epoxy group,
an am no group, and a hal ogen group. 4. An absorbent material having
nodi fied surface characteristics, characterized in that is conprises:

a water-insoluble, water-swellable polyner,
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a positive-charge supplying conpound bonded to the said water- i nsol ubl e,
wat er - swel | abl e pol ynmer, said positive-charge supplying conmpound
preferably having a polycation having a plurality of positive-charged

groups; and a non-ionic hydrophilic conmpound bonded to said
wat er -i nsol ubl e, water-swellable polyner, said non-ionic hydrophilic
conpound preferably being a non-reactive pol yet her. 5. The absor bent

material of Claim4 characterized in that the contact angle of blood on a
surface of said absorbent material is frgrya degree to 40 degree.
42
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6. The absorbent material of any of Clains 4 to 5 characterized in that
said polycation is selected fromthe group consisting of (lI) polyners
havi ng primary am ne groups; (2) polyners having secondary am ne groups;

(3) polyners having tertiary am ne groups; and (4) polynmers having

guat ernary am ne groups. 7. The absorbent material of any of Clains 1
to 6 characterized in that said water-insoluble, water-swellabl'e polyner is
a crosslinked polyelectrolyte, said crosslinked polyel ectrolyte preferably
bei ng selected fromthe group consistingggf a crosslinked polyacrylate

sodi um a crosslinked pol ynethacryl ate F@n] a crosslinked polyacrylate
potassium a crosslinked pol ynet hacryl ate potassium a crosslinked starch
grafted pol yacrylate, a crosslinked starch grafted pol ynethacrylate, a
crosslinked polyvinyl alcohol grafted polyacrylate, a crosslinked polyvinyl
al cohol grafted polynethacrylate, a crosslinked carboxy nethyl cellul ose, a .
crosslinked cellulose grafted pol yacrylate, and a crosslinked cellul ose
grafted nethacrylate. 8. An absorbent article conprising: (a) a liquid
pervi ous topsheet; (b) a liquid inpervious backsheet; and (c) an absorbent
core positioned between said topsheet and said backsheet, said absorbent
core characterized in that it conprises at |east one porous absorbent
material of any of Clains | to 7.
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9. A nmet hod for maki ng an absorbent material having nodified surface.
characteristics, characterized in that it conprises the steps of:

(A appl yi ng an anount of a reactive hydrophilic conpound, preferably a
reactive polyether, onto a water-insoluble, water-swellable polyner, and,
(B) reacting said reactive hydrophilic conpound with said water-

I nsol ubl e, water-swell able polyner to provide a contact angle of blood on a
surface of said absorbent material fromO degree to 40 degree.
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