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(57) ABSTRACT

‘The invention concerms superabsorbent particles with a
shell, whercin said shell comprises a cationic polymer
crosstinked by the addition of crosstinker and adhered 10
hydroget-forming polymer ohtainable by applying 4 coating
solution, containing both a cationic polymer and crosslinker,
to hydrogel-forming polymer having a residual water con-
teat of less than 10 w %, their production and usc,
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CROSSEANKED POLYAMINE COATING ON
SUPERARSORBENT HYDROGELS

[0001] The present invention concerns {a) superabsorbeat
particles with a shell. Said superabsorbent particles com-
pnse of hydrogel-forming polymer, and said shel} comprises
of a cationic polymer crosslinked by the addition of
crosslinker and adhered to said superahsorbent particles.
The invention also relates (o a method of makiog such 4
malcrial,

[0002} The iavention fucther relates (b) to composites and
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crosslinked polyamine shell. Composites or air-laids of this
aspect of the preseat invention show an improved acqurisi
tion hehavior and Jow rewets at the same time.

[6009] Said composites and said air-laids including more
than 30% by weighl, of said hydrophilic superabsorbent
material. The combination of originally counter-current fea-
tures as high CRC and excellent permeability by showing
proferably no gul-blocking on the onc haod, aml short
acquisition times and low rewets on the other hand allow the
apphwll(m ()f highest amounts of pnlvammo coated super-

airlaids comprisisg such superabsorbent particles and the
application of said composites and airlaids in hygicnic
products. S2id hygicnic products exhibit improved dry- and
wet-inlegrity s well as jmproved permeability, acyuisition
hehavior and rewet.

[0003] Tn one aspect of (a) the prescal invention concerns
coated absorbent particles having improved absorbent prop-
erty, i.c. having improved performance on CRC, PAIL, PP,
ratio AUL (0.01 psi) to AUL (0.90 psi), Gal bed pormcabil-
ity, and/or vorlex time compared 1o superabsorbenl particles
without adhered cationic polymer shelt or compared 1o state
of the ari superabsorbent particles.

[0004] lo another aspect of (a) the present invention
concerns coated absorbent particles having improved pur-
maahility. Said absorbent particles exhibil improved perme-
ability without teodeacy to gel-blocking by unchanged high

polymers in (he new

[0010] Composites or air-laids of the present invention
have an excellent smooth fecl in a rélatively thin absorbent
sheel material with unexpectedly high loading of superab-
sarhent polymers and can be manutactured without fiber or
binder while providing excellent structural istegrity with
liltle to po shak or loss of superabsorhent particles from
the sheet material.

[8011]  Absorbent materials for use in personal care prod-
ucts for the absorption of body fluids are known 1o (he ant.
Hydroguls (supurabsorbent particles) are ahle to absoeh large
volumes of aqueous body fluids (al least ahout 1S g of
0.9%-NaCl-solution per 1 g hydrogel). Superabsorbent par-
ticles arc polymers of uosaturated carboxylic acids or
derivatives thereofl ‘These polymers are rendered water-
insoluble, but watcr-swellable by crasslinking them with

CRC.

[0005] [0 yet another aspect of (a) the preseal invention
corcerns coated absorbent fines. Said coated fincs exhibit
tmproved acguisition rates withou! teadency o gel-block-
wy. Ju detail, this aspect of the present fnvention concems
improvad coated fines of particle sizes below 400 um as well
as their apphication for improved absorp of agucous
fluids, ¢.g. in hygienics, medical care, copincering and
construction, in agricullurs or as food packaging sod storage
and prolective against fire.

[00061 [ cue asped of (b) the pn,wnl inveation comerns

wnprising superabsorbent particles with ashell,

pn[crdhly a crosslioked polyamine  shell; exhibiting

improved pecformance. In an particular aspect of (b} the

present ipvention concerns airlaids comprising superahsor-

benl panklu wilh crosshioked polyamune shell cxhibiting

d porf ¢. Composites or airlaids of this aspect

of 1hc present invention show an excellent acquisition

hehavior as well as high absorptive capacitics and low
cewets al the same time.

[0007] 1o another aspeet of (b) the presuat ioveation
concerns composites comprising superabsorbent particles
wilh a shell, preferably a crosslinked polyamine shell, of

I ional di- or polyfunctional monomer materials.
‘These crosslinked polymers still comprise anonic charged
carboxyl groups attached to the polymer backbone that
cnable the polymer io absorb aqueous body Hluids.

[0012] Superabsorbent polymers arc manufactured by
known polymernization technigues, preferably by polymer
ization in aqueous solution by gel polymenzation. It
products of (s process are aqueous polymer gels, which are
ceducud 1o smafl picees by mechanical forces andd dricd
afierwards using drying procedures and apparalus known in
the art.

[0013] 'The drying process is followad by pulvurizaton ol
the resuling polymer particles 1o the desired particle sizxs
Inuvitably the pulverization method [eads also to panticles
having smal]q sives than desired (fines). Fines presend in
hyd. forming pol reduck the absorp capaity
cau&.d by the so-called gel-blokking.

[0014]  Gel-blocking occurs when superabsorbent particles
are wetted and (he particles swell 5o as to inbibit fluid

i to other superabsorbents or 1o ather regioas of
lhc ahorbent structure, Wetting of other regions takes plau,
by a very slow diffusion process. As a conscquence, acqui-
sition of aqueous body fuids by the absorbent structure 15
much sluwur thap the rats, al which the fluids arc dischargud,

high p bility by uochanged CRC. In a particular aspect
of (h) the prescnt invention concerns air-laids comprising

perabsorbunt particles with licked polyamine shell of
high p hility by unch: d CRC. C o air-

fauds of this aspect of the present investion show an
improved permaability.

{0008] [ yet another aspect of (b) the present invention
coacerns composiles comprising hydrophilic absorbent Lines
with a shell, preferably a cosstinked potyamine shell. To a
particular aspect of (b) the present invention concerns air-
laids comprising  bydrophilic absorbent  fines  with

iy y in gush situati Ecakage takes place, bofore the
superatsorbent particles are fully saturated and the Auids
reach the unwetted regions.

[0015] To improve the absorption profile, Ihe superabsor-
beat partickss reed W be optimized in shsarption capacity,
absorption rate, acquisition time, gel strength, and/or per-
meability. This allows to reduce furtber amounts of cellu-
losic iber.

[0016] 11 is known that superabsorbent particles with small
particic sizcs show fast acquisition limes because of theis

s v
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higher surface area they are offering. [ncamoration of fines
into ahsorbent cores penerally means very quick avguisition
of aqueous fluids at the first application of aqueous solution
and an cxcelient rewet after this first dosage, ovep hy
measuring the rawet value after 2 minutes and non as it is
usually done—afier 10 minutes. The common probiem off
the use of fines is the seoond and the following applications
of agucous solution. Fines show for the sceond and the
following applications higher acquisition times and also
WOrse ewels.

[0017] One task of the present iovention 15 io contirm the
fines, which arc just showing an cxcelient acqusition behav-
ior because of their bigh surface arca, into a pmdun.l w nh an

(881

Jam. 20, 2005

[0022]  Gthers have aticmpted to manufacture a continuous
ol ol woven or non-weoven fibrous matcrial that conlains a
high peroentage, cg.. 50-80% by weight, of a particulate
superabsotbent pelymer, such as sodivm polyaceytate.
Fxamples of fibmus subwirates impregnated with superah-
sarbent polymer are found in Pal. Nos. 5,614.269;
$.980,996; and 5,756,159 whercin a fibrous substrate is
gnatod with the superabsorbent polymer by improg-
mlmn with the monomer and subsequent pulym«,nunun by
contact with UV light for polymerization in sit while ia
contacl with the fibrous substrate.

[0023]  nher patents, including US. Pat. Nas. 5,607,550
and 5,997 690 teach the continuous manufacture of a fibrous

absorplion profile, which doeso’t alk as
gelling or gel-blokking by wetting. It is desired, that the new
product show high permeability and gelstrength, as well as
a hiph absorption capacity and low rewets al the same fime:

{0018)  Yeu it is another task of the presenl invention to
overcome the above problems concerning the absorpuion
profile of superabsorbent particles in geacral over the whale
particle size distribution. preferably from 150 um up o (000
e s desired to offcr hydrogel-forming polymens, which
arc don’t showing the disadvantages of the rulated ant, The
new products are dusired 1 combine covntercurrent fuatures
as high CRC and excellent permeability.

[0019] Yet it is a further task of the present invention to
the above probk

superabsorbent particles in highesl amounts m [\LN\na) um.

products, While the structuees described in the literature

hstrat ining more than aboul S0%: superabsorbent
particles (50-609%) by the wet, papermaking process. The
raw maicrial, including fibers and superabsorhent particles,
are mixed wilh high quantitics of water, or other liguid
medium capable of swelling the superabsorbent particles,
and deposited onto 2 water-pervious support member, gen-
crally 8 Fourdinier wire, where much of the water is
removed leaving a wet mass of fiber and superabsorhent
polymer particles. The wet mal is transferred from the
pervious support member and consolidated under heat and
prussure 1o form the fibrous subsirate having the superab-
sorbent particles distributed thraughout. As disclosed in U.S.
Pat. No. 5997690, sufficicnt absorhcocy perlormance
requincs at feast about S0% by weight supcrabsorbeat par-
treles hased on the total weight of the absarbent article. The
most difficult problem encouniered in allempling o continu-
ously manufacture the shoet malerial containing a celatively

have often proven beacficial, they have not compl
solved the problems associated with the use of \upp(dh\.\r—
hent partickes, Because of gel-hlocking, the tatio of supor
absorbent 1o fiber remains oo low for the intended ase ol
absorbiog lange quantitics of body fuids. Furthcrmare, e
problem of scparation of the incorporated and oot affixed
particulales by wearing the personal care product roatains
Up to now there is no proposed absorbent struciuge that
avereome the problem of incorporation bigher amounts of
superabsorbent paricks withou! chaoging the sbsompuon
profikc.

{0020] [0 order to usc higher quantitics of superabsorhent
particles within personal care products, the liguid perme-
ability is an importaat factor which has 1o he considervd The
permeabitity or flow conductivity of the hydrogel layer
formed by swelling in the presence of body fluids s weny
important to uvercome the problem of leakage The lack of
permeahility direetly impacts on the ability of resultant gel
layers (o acquire aod distribule body (uids.

[0021] Watcr-absorhing resins, panticularly superatysor-
hent polymers, have been in use in disposzble, absodbent
fibrous articles, such as diapers and bandages (or many
years. These superabsorbenl polymers have buen used
together with a batt of absorhent fiburs, such as cellulosc
fibers, used Lo absorb and hotd tbe liguid within the product.
and for faster liquid uptake during the slowur absorption of
the liquid by an adjacent superabsorbent polymer. The most
common ahsorbent batl used in the diaper an is manufac-
tured from fluffed wood pulp fibers, as disclosed in US. Pat.
No. 2,788,003, A densified paper-like surface layer also has
been in conjuaction with an absorbent halt to improve
“wicking” ol the liquid to the absorbent bail, as disclosed in
US. Pat. Nos. 3,612,055 and 3,938,522

high p of bsarbent particles is in achicviag
\lm(lumi mlu_nly of the article both during and afier
mamiaciure without sigaificant loss (shakeout) of superab-
sarhent partickes.

{0024]  Another principal process for continuously making
a vonsolidated sheet of malterial is a “dry” process. In a dry
proeuss, filler material, such as celhrlosic fibers, is coated
with a resin binder 1o a gascous stream, or by mechanical
means. For example, the fibers supplied from 4 fiberiziog
apparatus (¢ 2., a pressurized refiner) may be coated with 2
(hermosctting syothelic resin, such as a phenol-fonnaide-
byde esin, in a blowline blending procedure, wherein the
resin 1% blended with the fiber with (he aid of air turbulenc:
Thereaftor. the resincoated fibers (rom the blowhine an:
subpected to pre-press drying, for example, in a tube-like the
Gbers voto a suppurt member {¢.g., a [orming wire). The
Tormad quat, prelcrably having a moisture content of less
than about 0 wi. 95, 15 then pressed under heat and pressure
in a pruss holween a pair of bealed platens to cure the
thermosutting resin and to compress the mat into an intogral
consolidaled structure. The consobidated structere may be
cmbassed on an outee surface by xturiag onc of the press
plalens o achieve a desired embossed design in the ouler
surface of lhe product during consofidation.

{0025] Asother process for contiouously manufacturiog a
consolidated shet of material is a wet-dry process, wheeein
cestn-blended fiber from the blowline is mixed with water as
the conveying mulium and is formed into a mat ax a wel
SluIry on a waler-pervious support member where water is
remuved by mechanical meags (o a moisture conient of
about 60% or tess, The formed mat then is mochanically
conveyed through a multi-deck air dryer in which 1he
maistun; contert is further reduced to about 10% or luss. The

US 200570013992 A1

mat is then pressed under heat and pressure similar to the
above-deseribed “dry” prucess

{00265  Yar another important factor which bas to be con-
sidered hy incorporaung, superatwsorhent particles in absor-
hent members bexides the method of manufscturing s the
wet integrity of the regions in the absorbent structure that
contains the superabsorhent patticles. Absorbent struclures
with good wet integeity showing sufficicot integrity in a
partially wei, and/or weiiud state such that the physical
continuity of the hydmugel formed after swelling is not
substantially disrupted or alicred uader normal use condi-
tions, During normal use, absorbent structurcs in dbwrbcnl
articles are typicatly subjectad Lo tensional and

forces like bouncing, stretching or twisting in the scrotch
arca. I wet integily is inadequate. thwsc forces may cause
a substantial altcmation ur diseuption in the physical conti-
nuity of the hydrogel which leads 10 loss of permeability of
the superabsorbent hydrogel zone, ar the hydrogel particles
will be shilted and drfted in such manner that leakage
GCCUrS.

[0027] A lot of wark were done to immobilize superab-
sorbent particles in order o amprove wet integrity, One
possibility is the addition of large quantitics of Tiquid poly-
hydraxy compounds that act as an adhesive to hold the
particles topether or altach the particles (o a substrate; but
doring swelling, (0 some extent, the articks become
detached from cach other or frum the substcate in the
presence of exess ligind. Anuther way of inwnobilization
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[6031] 1t is desired (o have high absorption capacity
s ralm)r()ans na dmpu whercin the absorhent core is
ferahly f: i for rcasons men-
huned abuvz, bu! high u!pau|y superabsorbents limits the
permeahility within the diaper. Consequently, the superab-
sorbent particles are higher crosslinked 10 improve perme-
ability of the superabsorbeat, which results in lower capacity
superabsorbents. Superabsorbeat material of extremely high
crosslicking is proposed in WO (X/46260. Said material
shows a Pressure Absorbeacy Index of less than 100 and 2
Vertical Absorption of not less than 12 g/g under a pressur
of 1922.8 Pa. Patticularly preferred are supcrabsotbents
which additionaily posscss a Performance under Prossure of
less than 23 g/g (0.7 Pa). Supcmhwﬂxnl particles M sa:d
invention exhibil lent liquid s
and distribution propertics but are strong limited i in dhsm‘p-
(jon capacity and rewel,

{0032] Polyamiacs are known to have improved adhesion
to cellulose product (flufD), while polyamine coated super-
ahsorbents have some improved permeability as measured in
the bulk for lower capacily supcrabsorbent. Coating with
uncrosstinked  polyamines shows improved adhesion 10
fibers because of the high Acxibility of polyamioc mol-
cculvs. But as being uncrosslinked, the polyamines are
wasily (o extract by wettiag with aquenus body fluids, Thus,
the viscosity of the fluid 1o ahsorh will risc and the acqui-
sition rate of the superabsorbent malerial slows down. (n
the olhu hand, i the polyaminc is covalently hond to the

tt the degree of crosslinking of the superab-

describes the formation of an inferpanticte crosslinked aggre-
gate, wherem the agpregate is joined 1w a carrier, which may
he Unfortunately intorparticle crosstioking will lead (o loss
of Aexibility and therefore 1o uaplcasant fecling by wearing
the absorwol member. Purther, inlerparticle crosslinked
aggregales wnd fo losd of walr whee Sored Tor a larger
period of time and thus the aggregates become stitl or brittle.
Morcover, interparticle crosstinking is shifting the degree of
crosslinking towards tigher valucs, which leads to lower
absorplion capacitics. More flexible absorbeot structures are
gained by adhesive atachment ol superabsorbent particles to
fihers, Lalortunately the adhesive attachment negatively
inftuences the absorptim profile of the particles aod leads w
ooouniform swelling

{0028]  1n WOD1/56625 an absarbunl structure is proposed
which contains an absorbeal jayer having a melatively high
coaoeatzation o{ high-ahsorhency material but which absor-
beal structure is stable and affixed to a matrix and cannot be
detached by mechanical forces. The new absorbent structure
has a specific absorption capacity uspecially in regions, were
in gush situations highest amounts of body fluids arc
applied.

[0029] Generally said web is loaded with superabsorbent
maicrial up 10 &) or 70 w % compared to conventional
personal care products. Said web offers high absomtion
capacitics, but the permeability should be better Tor welting
the entire amount of superabsorbent material.

[6030] It s a further task of the prescnt invention to
provide a matrix whereio supcrabsorbent polymer is incor-
porated in amounts convenicnl fo have ap oplimum in
permeability and absorboncy and which exhibits wet
streagth integrity The absorbent structure bas 10 be of high
Nexibility and thinness, which is thurcfore very comfortable
in use, even 0 weanng the personal care products over &
loogtime perivd.

xarlu,nl particle will be higher and the absomlive capacity
goes down. Morcaver, covalent boading occurs preferably at
temperatures of higher than 150° C.; and at that trmperatures
ohviously there are problems with yellownuss of the prod
uct.

[0033] Inliteratury there are a lot of patents conceraing the
addition of cationic compounds to improve peemeability ol
suporabsorbeat particles and their immobilization after
incorporation in personal care products. Most of the items
found in literature are dealing with base polymer o com-
mercial  polymer, which is crosslinked  aod  surdace
crosslisked 1o a coptent desirable for the incorporation n
known composites or personal care products. Most of the
patents leave the sup rbent particks unchanged and
coming up with procodures for applying cationic polymees
or mixtures thereof with solvents onto substrate or said
superabsorbents to form covalent bondings.

{0034] U.S. Pat. No. 5,883,158 (Kao Corp) is dealing
with a process with a plurality of steps within the process.
Al first, superahsorbent particles (base polymer or comm:
cial pulymer) have to b treated with water (water-retsined
SAD ectaining 10 to 100 parts by weight of water per 100
parts by weigh! of SAP), followed by dispersing them o a
solvent and addition of the polyfunctional compound having
two of more reactive groups and sclocted from a hydrophilic
polymer or a metallic compound in an amount of 0.005 10§
parts by weight per 100 parts by weight of SAP. In a further
step a crosslinker having two or more [unctivnal groups
capahle of reacting with the polylunctional compouad is
added et a weight ratio of the polyfunctional compound 1o
the crosslinker of 0.1 to 30. If (he SAP retains less than 10
w % watur the resalting products arc not suitable as water
ahsorbing polymers in hygienic applications and show a
poor stability.
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and their higher oumber of smaller particles, compared to
coaventionsl superabsorbenls. The Muid transmission or

cability is imy d. Using supcrabsotbent fines as
bdse polymer. the fiew cuated superabsorbent ines show no
gelblocking, Further the new products have the ability for
trickling amd are therefore very comfortablc in bandling.
Therefore they ane preferably used for applications in
ahsorption of aqueous solutions ¢.g, o medical care, engi-
neering and construciion, in agricultuse or as food packaging
and slorape and protective against fire

[0055] Geacrally aod independent of particle size, it is
possible, 1o prepare superabsurbents which show improved
performance by adhesively coating (he superabsorbent poly-
mer panicle with a crosslinked surfave of polyamine, aad
hehave therefore as high crosslmked superabsorbents within
the absorhent core, that is, the absorbeat core shows excel-
lent permeability and therclore excellent acquisition times,
and at the same time the new superabsorbent particles
exhibit tigh absorption capacitics and impy d rewel.

[0056]  Further it has been surprisingly found, 1hat many-
facturing f compnsing superabsorbent particles
with crosslinked polyamine-coatad shell toads tn absorbent
structurcs of high permeability and absorption capacitics as
well as of improved acquisition behavier. Composites of the
state of the art comprising on the once hand low crosslinked
supurabsorhent particles, which staw cxecllent rewel, but
cxtubst -especially using highet concentrations of superab-
sorhents- -high acquisition lines, or on the other hand high
crosshinked superabsorbent particles, which show poud
aoquisition behavior, bul bigh rewcts. caused by their low
absorption capavities.

{0057]  Therefore, in one aspect of (b), the present isven-
(oD CONCETRS COMp comprising supcrahsorbenl par-
ticks with 4 shell. Sakd composites are ahle to combine
features such as fast acquisition and exeelicat rewet. Therc-
forc it is pu&"ihk, (o incvrporale highot amounts of the new

coated suporabsorhat within the composite, without disad-
vaatages in performance o the ahsorbent core. “Thus accord-
ing to the present ion, the ining more

thran 30% by weight. prcfuahl) more than A% by weight,
especially preferred more than S8 hy weight and most
prefurred more than 60% by weight suporabsorbent particles
with crosslinked polyamine shell. Composiles made thercof
exhibit an excellent dry- and wet-integrily.

[0058] Smd absort i p 4 rolatively
high concentratinn of high- ﬂmxrh,my material uniformly
dlenTmled 1o hold the whole amounts of discharged body
Duids but which absorbunt structure v stable and affixed (o
a matrix and cannot he detached by mechanical forees.

[00S9]  Surprisingly it has heen further found, that manu-
facturing airfaids as a onlwous sheet on a coaventional
papermaking apparalus, it is possible (o incorporate more
than 30% by weight, preferably more than 404 by weight,
more preferrad more thao S0%, cspecially preforred more
than 60%, highee preforred more than 709 and most pre-
ferred more than 0% by weight superabsorbent particles,
and less than 70% hy weight, preferably less (han 60% by
weight, more preferred less than 505 by weight, especially
prefcrered less than 40%, bipher prolemed fess than 30% by
weight and most preferrad less than 20% by weight of othwr
fibers. adhesives, of fillers, such as cellulosic or wood fufl
fibers, (bermoplastic fibers, adhesives, fillers, and other
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additives. The aew shuct maturials can be manufactured
having ncw and uncxpected structural inteprity wath littk: or
no shakcout or loss of supcrabsorhent particles during or
after manufacture.

[0060] Therefore, i another aspect of (b). the present
iavention concerns air-laids containing, ik above pn]yammx,
coated superabsorbent maierial exhibiti I water
absorption and retention propedics. To mlduum the sheet
materials have an ability 10 absorb liquids quickly, demaon-
strale good fluid permeability and conductivity into and
through the superabsothent partickos, and have a high gel
strength such 1hat the hydrogel formed from the superab-
sorbent particies, upon bydratinn. resists deformation under
an applied stress or pressure, when nsed alone or in a
mixture wilh other waler-absorbing resins. Aur-laids made
thereof exhibit an excellent dry- and wet-integrity.

[0061] It is possible to produce air-laids comprising high-
esl amounis of superabsorbent particles with crosslinked
polyamincoated shell.

[0062] Inapreferred cmbodiment of (he present invention,
it has been found that beating a resin tor a sufticient time at
a sufficient temperature above the Ty (glass transition wm-
perature) of the resin improves the shsorption propurtics of
the resin.

[0063] 1n accordance with oac important embadiment of
the present igvention, it has been Fonad that when a layer of
the polyamioe voated superabsorbent particles is heated (o at
least about 50° C. during sheet material manufacture (e.g.,
by a healed pressurc roll or oven), oot vnly are the absorp-
tion properties improved, but the partickes are strongly
adhercd to any fiber of titker contained 10 the sheet materiat
0 thal there is litlle 10 0o loss of superabsodbent patticles
during manufacture and handling. Thus, a sheel matcrial
having less than 40K by weight non-SAP tiber, and without
added adhesive, lias new and unoxpected struciural integrily,
for the above-duscribed uscs, particolarly diaper cores

[0064] The formation of ahsorbuat members from said
ahsorbent compasites cnables a production of improved skin
feel personal care products. The improved products show
good absarbency, good strength aod bugh flexibility and
thinness. ‘The improved produdts exhibit cxcellent perme-
ability hy unchanged shsorption profite. Absorbent menibers
containing the inventive composites cxhibit highest absorp-
tion rate and absorption capacity withoul lendency 10 gel-
blocking.

[0065) A The invention is directed o superabsorbent
patliclcs with a shell. Sakl supceabsorbent particles
comprisc ol hydrogel-Torming polymer, and said shetl
comprises of a catiogic polymer crosslinked by the
addition of crosslinker and adhered to said superahsor-
bent particles. The hydrogel-forming polymer patickes
arc coated preferably with about 0.01% 1o about 5% by
weight of the cationic polymer, preferably with about
0.2% 10 about 4% by weight of the catiopic polymer,
most preferred (L75 1o 1.25 w %, i.c. 0.8, (L85, 0.9,
095, 1.0, 105, 1.1, 115, 12 w %. The hydrogel-
forming polymer has a residual watr conteal of less
than 10 w % at the time of the application of the shell.
[0066] lu a prefermad embodiment of the present

the base polymers are crosstinkud with
aluminate, silicic acid alkah salt or alumosilicate
compourds.
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{0067} The invention also is directed 1o a method of

making supcrabsarbent particles with a shell, char-
acterized in that it comprises:

{0068] (a) prepanng a solution containing waler,
optionally a wetting agent, a cationic polymer and a
crosslinker

{0069] () applying an amount of said solution onte
a plurality of absorbent hydrogel-forming polymer
particles with a residoal waler content of less than 10
w %

(0070] (c) drying said coated polymer partictes al
temperatures of no more than 150° ¢

[0071] Preferably 1o a method for making supcrah-
sorbent particles with a shell wherein the wetting
agenl is a hydrophilic organic sotvent, wherein the
catio of organic solvent to waler in the reaction
mixtune is loss than 50:50, more preferably 1o a
method for making superabsorbeat patticles with a
shell wherein the wetting ageot is an alcohol, asc.g.
propylene glycot and to superabsorber particles with
a shell prepared by said muthods,

{0072] The invention also is dirccted o a method off

making an absorbent core of an alsorption material
comprising such supcrabsorbeat  particles. Said
hygicnic  prod cxhibil improved  avy)

rales.

[0073] A.L. In the fisst aspect of (A) the present inven-
tion s directed o sbove mentioned superabsorbent
particles showing a CRC of at Jeast 24 gfg, e, at least
24.5, 25 or 25.5 gfg, prefereed of at kast 26 g/g, i ¢. at
least 26 5,27 or 27.5 /g, especially preforrad of i least
28 pfp, ic. at kast 28.5, 29 or 29.5 g/n, aud most
prefurred of at least 30 g/g, i.c. al loast 30,5, 31,32, 33,
24, 38, 36, 37, 38, 39, 40 g/g or more, The superab-
sorhent particles show preferrably a Pressure Absor-
bency Index PAT of less than 120 or less than {15, 16O,
ar 105, preferred of less than 100, or ks than 95, 90,
85, or 80 ar cven less. ln a preferred embodiment the
supcrabsotbeat patticles sbow a combination of the
preferred CRC and PAT valucs. The superabsorhent

particles show preferred a ratio of AUL (001 pﬂ;) ta
AUL(0.90 psi} of more lh.m Z.() e 2.8, 2 .
preferred of more than 2.5, ic. 2.6, 2.7, ,B 29,
especially preforred of more lhan 3 0, ie. 3.1,32
3.4, and most preferred of more than 3.5, i 3.6, 3.7,
38, 39, 40 and cven more. More preferred is a
combination of the AUL rativ with the above givea
valucs of CRC andfor PAI.

[0074] A2 In the second aspect of (A) the presem
invention is direcled to above mentiooed supcrabsor-
beol partickes show cxtremely high permeahitity. Said
superabsorbent  particles of high permeability arc
obtained using polymers with CRC of at least 18 g/,
preferably of at least 20 g/g, especially preferred of at
least 22 p/p or the above mentivaed CRC values and a
Gel Bed Permeability of more than 800, ic 810, 820,
§30, 840, 850, 860, 870, 880, 890, 90, 910, 920, 930,
940, 950, 960, 970, 980, YN, preferably of more thao
1000, i.c. 1010, 1020, 1030, 1040, 1050, 1060, 1770,
1080, 1090, 1100, 1110, 120, 1130, 1140, (150, 1160,
1170, 1180, 1190, more preferred of more than 1200,
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e 1210, 1220. 1230, 1240, 1250, 1260, 1270, 1280,
1290, 1300, 1310, 1330, 1330, 1340, 1350, 1360, 1370,
1350, 1390, 1400, 1410, 1420, 1430, 1440, 1450, 1460,
1470, 1480, 1490, especially preferred of more than
500 L.c. 1510, 1520, 1530, 1540, 1550, 1560, 1570,
(580, 159, 1600, 1610, 1620, 1630, 1640, 1650, 1660,
1670, 1680, 1690, 1700, 1710, 1720, 1730, 1740, 1750,
(700, 1770, 1780, 1790, 1800, 1810, 1520, 1830, 1840,
(850, 1860, LB70, L850, 1890, 1900, 1910, 1920, 1930,
1940, 1950, 1960, 1970, 1980, 1990 and most preferred
of more than 2000, More preferred is a combination of
the permeability with the above given values of AUL
andfor PAL.

[0075] A3 ‘The third aspect of (A) of the present
invention is directed to superabsorbeat particles with a
shelb made (rom h)dmbul lormmg polymer fincs,
called within the @ just b
hent fines. This new supcrabsorbent fincs qhow a Vor-
tex 'Time of Jess than 30 s. 80% of said superabsorbent
finus have particle sizes of smaller than 400 gm. The
invention further provides the application of such new
superahsorbant fines e.g. in medical care, enginvering
and construction, in agriculture or as food packaging,
storage and protective against lire. Said coated fines
cxhibit improved acquisition rates,

[0076] In a preferred embodiment of the third aspect
af (A}, the sew superabsorbent fines show a

{0077] Vortex Time of less than 25 s, preferred of
less than 20t s, especially prefeered of less than 15
s, and most preferred of less than 10 s,

{0078]  and/or 3 particle size distribution, wherein
0% arc smaller than 400 gim, 90% arc smalfer
than 400 preferred 80% are smaller thun 300 pm,
Y% arc smaller than 300 gan, 95% arc smalicr
than 300 g, especially preferred 80% are smaller
than 250 gm, N0% are smaller than 250 pm, 93%
are smaller than 250 gm and most preforred 80%
are smaller than 200 g, W% ace smalker than 200
an, 95%: afc smallor (ban 200 gm.

[6079] B The new above mentioned superabsorbent
partivles of 1ndcpeodent particl bll.(:b arc preferably
used in an absorbent core. ‘The i is thorefs
also direcied 1o an absorbent core comprising such an
shxomtion matenial. ‘The following aspects of the
invention are given to cluciadic the invention, but
should not he used 10 Jimit the seope of the invention.

[0680] B.1 1o the lirst aspeet of (B), the invention is
directed 1o u»mposu(c:» from <upurabmdx-nl particles
wilh a shetl, preferably a o polyamine shell,
cxhibiting unpmvu! pedormance. Said composiles
ncluding more than 30% by weighl, of superabsorbent
particles with crosslioked polyamine shell. Said super-
ahsorbent particles showing a CRC of at least 24 g/g,
preferred of at least 26 gfy, especially preferred of at
least 28 p/y and most preferred of al feast 30 g/g and
additional a Pressure Absorbency [ndex PAl of less
than 120, preferred of less than 106,

{00811 1o a preferred cobodiment the superabsorbeat
particies for the inteaded ose in a composite show a
CRC of at keast 24 pfg, preferably of at least 26 g/g,
especially preleered of al least 28 p/g and most
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preferred of a1 least 30 g/g and additional a Pressure
Absorhency Index of less than 120, preferred of less
than 100 and at the samc time a ratio of AUL (0.01
psi) 10 AUL (0.90 ps1) of more than 2.0, preferred of
more than 2.5, especially prefermed of more than 3.0
and mos! preferred of more than 3.5.

[0082] The compasites containing more than 30% hy
weight, preferably more than 40% by weght, espe-
cially prefeered more than 509 by weight and most
preferred more than 60% by weight of superabsor-
bent particles with a shell, preferably a crosslinked
polyaminc shell, exhibiting a high CRC.

[0083] In a preferced embodiment of the Jirst aspect
of (B) the invention s dircoied to air-laids from said
superahsorbent particles with a shell, preferably a
crosslinked polyamine shell, exhibiting improved
performance. Said  air-laids are sheet materials
including more than K% by weight of superabsor-
bent particles with crosslinked polyamine shell
cxhibiting a high CRC

[0084)  According 1o the present ion, the air-
laids containing morc than 30% by weight, prefer-
ably more than 40% by weight, more preferned more
than 50% cspecially prefered more than 60,
higher preferced more than 2% and most preferred
more than 80% by weight of superabsorbent panticles

with a shell, preferably a linked patyami

shell, exhibiting a high CRC.

|0085]  B.2.¥n the second aspect of (B), the invention is
directed to composiles from above mentioged super-
absurhenl  particks  with a sholl. preferably o
crosslinked polyamine shelt, cxhibiting high perme-
ability. Said compositus including more than 30% by
weight, of superabsorbent particles with a shell. Said
superabsorbent  particles of high permeability  are
selected from coated superabserbents with CRC o a
least I8 gfy, preferably of at least 20 pjg, cspecially
preferred ol at least 22 g/g and a Gel Bed Permeahibity
of more than 8O0, preferably of mors than 1000, more
preforred of more than 1200, especially prefemed af
more than 1500 and st preferrad of more thao 2000
Ihe composites are used for example as shsorhunt core
in personal carg produdts.

{0086] ‘the composites containing mare than W% hy
weight, preferably mon: than 40% by weight. espe-
cially prefecred more than 50% by weight and munt
prefereed more than 60% by weight of superahsor-
beal particles with a shell, preerably a crosslinked
polyaminic shell. cxhibiting high permeability.

[M087) To a preferred cmbodiment of the scoond
aspect of (B) the invention & dirceted 10 air-laids
from superabsorbent particles with a shell, prefer-

Jan. 20, 2005

604 by weight, higher preferred more than 0% by
weight and most prefereed more than 80% by woight
ol supcrabsorhent particles with a shell exhibitiog
high permeability.

[0089] B.3. In the third aspect of (B), (e jovention 15
dirceted to composites from above meationed hydro-
philic supcrabsorbent lincs with a shell, preterably a

sstinked polyamine shell, with imp 1 acyuesiti
rates. Said composites including more than U¥% by
weight, of hydrophilic superabsorbent fines with 3
shell. Said superabsorbeat fines show a Vortex Time of
less than 30 s. 80% of satd superabsorbeat fines have
parlicle sizes of smaller than 400 pm,
[0090] o a preferred cmbodh said superab
bent fings for the intcaded usc in a composite shaw
2
[0091] Vortex Time of less than 25 s, preferred of
less than 20 s, especially preferred of less than 15
s, and most preferred of kess than 10 s,

[0092] and a particle size distribution, whorein
80% arc smaller than 400 gem, M are smaller
than 400 gm, 95% are smaller than 400 zan,
preferred 804 are smaller than 300 gem, X% arc
smaller than 300 gm. 95% arc smaller thao 300
1, cspecially prefersed 80% arc smaller than 250
g, 0% arc smaller than 250 gm, 95% arc
smaller than 250 gam

0093] and most preferred 80% are smaller than
200 gam. Y% are smaller than 200 gm, Y5% arc
smaller than 200 gm

[0094]  the compustics containing more than % by
weight, prolerably mare than 40% by waight, cspe-
cially prefesred more (han 50% by weight and most
prefurrcd more than 6% hy weight of hydrophilic
superabsorbient fines with a shell

[0095]  In a preferced embodiment of 1he thisd aspect
of {B) the inveation is directed to air-lads from
hydrophilic superahsorbent fines with a shell, prel-
crably with a crosslioked polyamioe shell. Sad
ais~taids are sheet muaterials including mons than 30%
by weight of hydraphitic superabsorbent Socs with a
shell,

[0096]  According i the present invention, the air-
faids containing more thaa 30% by weight, prefer-
ably more than 40% by weight, more preferred more
than 50% especiafly preforred more than 604,
highur prefurred more than 0% and most preferred
morc than 80% by weight of hydrophilic superab-
sachent fines with a shell.

{MW7]  Ina preferred vmbodiment of the prescat tvention

ably a linked polyamine shell, exhibiting high
permezbility. Said air-laids are sheel materials
including more (han MK by weight af supcrabiso-
bent particles with a shelt exhibiting high puemeabil-
ity.

[0088] According to fhe prescol i i0q, the air-
laids vontaising morc than 309 by weight, prefer-
ably more than 40%. by weight, more preferred more
than 30% by weight, especially prelerted more than

composites ar air-laids containing superabsorbent particles
with a shell, proferably with a crosslinked pelyamine shall,
that show a Performance Parameter PP (=Rewt-Nomberx
Acquisition Time) of kess than 1500, or less than 1450, 1400,
1350, 1300, 1250, 1200, 1150, 1100, 1150, prefemed of less
than 1000, or less than 950, 900, 850, 800, 750, 700, 650,
6N, 550, and cspectally preferred of ks than 500.

[098]  The invention atsa relates to the application of said
composiles or air-laxds as absorbent cores oo the bygicnic
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suotor. Said hygienic products exhibit improved dry- and
wel-intcgrity as well as improvid poemeability, acquisition
hebavior and cewet. The posites of the prescot

have an exccllent smooth feel io a relativedy (hin absorbent
structure with unexpectedly high loadings of superabsorbent
pelymers and can be manufaciured without glue fiber or
bindur wihnle providing cxccllent structural integrity with
titthe 10 s shakeout or koss of superabsorbeat particles from
the composite

{0099] I preseat invention luriher provides the appli-
cation of said coated hydrogel-forming particles as absorp-
i10n core in persenal care products. Said hygienic produds
cxhibit improved acquisition rates. The inventive superab-
sorbent particles with a shell show compared to particles
without o shell sa improvemeat of acquisition rate oo the
soenndary. tertiary and quartary insult of mor than 10%,
prefermred more than 50%, more prefersed more than 100%
and more, if compared with such stats of the ant particles
with similar CRC and or SFC.

[0100] Superabsorbent Partickes

[0101]  Suporabsorbem polymur  particles  are Lightly
crosskinked polymers capable of absorbing several times
their owa weight in waler and/or saline. Supurabsorbent
polymer particles can Ix: made by any conventional process
for preparing superabsorbent polymers and arc well known
(o those skilled o the art. Sultable process for proparing
superabsorhont polymer particles include the processes
described in U S, Pat. Nos. 4.076,603; 4,286,082, 4,654,039
and 5,145,900 which duscribe the solution polymerization
methad and U.S._ Pat. Nos, 4,340,706, 4,497 93(%, 4,666,975
4,507,438 and 4,083,274 which describe the inverse suspen-
sion polymerization method, the dischosures of which are
hereby wcorporated by relerencs.

[0102] Supesabsorhent polymer particles useful in the
prosent invention are prepared form ong or more moooeth-
yleocally, unsaturated, water soluble carboxyl or carboxylic
acr] anbydridk contaimag moenomers and the alkali metal
and ammonium <alts thegeof wherein said mogomers com-
prise St w 999 mole pereent of said polymer.

[0103] Lixcemplary monomers include acrylic acid, meth-
acrvlic acid. maleic acid. fumaric acid, malcic anhydride and
the sodivm, potassium and ammoaivm salis thereof. The
prefeered monomer is acrylic acid.

[0104] &) Supcrahsorbent Forming M.

[01057  Superabsorbent forming monomer, as used herein,
reflerrud 10 potymurizable compounds which contribute (o
the absorhency of the polymers formed therefrom. Suitable

t foaming e useful in the present
include fenically d com-
pounds (i compounds haviog a polymerizable double
houd), baving at least onc hydrophilic radical, such as
carhoxyl, carhoxylic acid anhydride, catboxylic acid salt,
sulfomic acid, sulfoaic acid sall. bydroxyl, cther, amide,
amine or quatcmary ammonium salt groups. Examples of
suilable supet thent forming are as follows:

T

[0106] 1 Carboxyl group-conlaining monomers: meno-
cthylenieally unsaturated mono- or polycaboxylic
acids, such as (meth) acrylic acid {meaning acrylic acid
or authacrylic acid. Similar nolations arc used herein-
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afler), malcic acid, fumaric acid: crotonic acid, sorbic

acid, itaconic acid, and cinnamic acid.
{0107] 2. Carhoxylic acid anhydride group-containing
hylenically d polycar-

boxylic acid anhydrides (ssch as makeic anhydndce),

[0108] 3. Carboxylic acid sali-containing monomers:
water-soluble salts {alkali metal salts, ammonium salts,
amine salts, elc) of monocthylenically unsaturated
mono- or polycarboxylic acids [such as sodium (meth-
Yacrylawe, trimethylamine(meth)acrylate, tricthanola-
mine(meth)aceylate, sodium  maleate, methylamine
maleale];

[6109] 4. Sulfonic acid group-conlaining monomers:
aliphatic or aromatic vinyl sulfonic acids (such as
vinylsullenic acid, ailyl sulfonic acid, vinylioluene-
sulfooiu acid, styrene sulfonic acid), (meth)acrylic sul-
fonie acids [such as sulfopropyl (meth) aceylate, 2-hy-
droxy-3-(methjacryloxy propy! sullonic acid]:

[0110] 5. Sulfonic acid salt groxp-containing mono-
mers: alkali metal salts, ammonium salts, aminc salts of
suffonic acid group-containiog, monomers as men-
tioned above.

[0131] 6. Hydroxyl group-containing monomers: mono-
cibylenically unsaturated aleohols (such as (methallyl
aloohol), monocthylenically unsaturated  cthers or
wsters of polyols (alkylene glycols, glycerol, polyoxy-
alkyleac polyols), such as hydroxycthyl (meth)acrylate,
hydraxypropyl (meth)acrylate, tricthyleae  glycol
(meth)acrylate, polyloxyethylene oxypropylenc) sly-
ool mono (meth)allyl cther (in which hydoxyl groups
may be ctherificd or esterilied).

[0112] 7. Amide proup-containing monomers: vinylfor-
mamide, (meth)acrylamide, N-alkyl (meth)acrylamides
(such as N-methylacrylamide, N-hexylacrylamide),
N.N-dialkyt (meth)acrylamides (such as N.N-dimethy-
lacrytamide, N.N-di-n-propylacrylamide), N-hydroxy-
alkyl (methlacrylapudes  [such  as  N-methylol-
{mcthyacrylamide, N-bydroxyethyl(meth)acrylamide],
N,N-dihydroxyalkyl (meth)acrylamides [such as NN-
dibydroxyethyl(meth)acrylamide), vinyl lactams (such
as N-vinylpyrrolidonc),

[6U3]) 8. Amino group-containing monomers: amino
group-containing esters (¢.g. dialkylaminoalky! esters,
dihydroxyalkylaminoalkyl  esters, morpholirnatkyl
cslers, eic) ol monoethylenically unsaturated mono- or
dicarboxylic acid {such as dimcthylaminocthyl (meth-
yacrylate, dicthylaminocthyl (meth)acrylate, morpholi-
nocthyl (muthjacrylate, dimethyl aminocthyl fuma-
ralc], heterocyclic vinyl compounds such as viayl
pycidioes (o.g. 2-vinyl pyndine, 4-vinyl pyridine, N-vi-
nyl pyridine), N-vioyl imidazol], and

|6114] 9. Quaternary ammonium salt group-containing,
monomers: N,N,N-tnalkyl-N-{meth)acryloyloxyalky-
lammonium salts [such as NN,NArimethyl-N{(meth-
Jacryloyloxycthylammonium chloride, NN, N-tricthyl-
N-(meth)acryloyloxycthylammoniwn chloride,
2-hydroxy-3{mcthlacryloyloxypropyl trumethyl
ammomum chloride}, and monomers as mentioned in
Britsh patent specification No. 1,034,296,
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mtal bisolfi ium sulfite. ium bisulfite,
alkali mutal hydrog.n sulfile, ammanizm hydrogen sulfite,
ferrous mietal salis, g, ferrous sultates, sugars, aldehydes,
pamary aod suurklar} alcuhots, and (he like,

[0139] Oxidiang agens include such compounds as
hydragen peroxide, caprylyl poroxide, benzoylperoxyde,
cumene puroxide. tertiary butyl diperphthalate, tertiary butyl
perbenzoate, sodiom pcrmﬂxmalﬁ sadium pur.wclalc alkali
matal porsull If: alkylt

idus, pt,r\,\[U\ diacryl p\,m\ldcs silver salls, and the lch A
particslarly proferred redox initiator pair is ascorbic acid and
hydrogen peroxide. e reducing agent is used in an amount
of about 210 ° 10 aboul 2x10°* mole percent based on
moles of acrylic acid

[0140]  In order 10 cosure complete polymuwlmn of the

Jan. 20, 2005

Nos. 4,340,700, 4,497.93(1 4,666,975, 4 17 438 and 4,683,

274 which describe the inve punsion polymenzation
method. ‘The teachings of these patents are hereby incarpo-
raled by reference.

[0143] In the solution polymerization method, the water
soluble monomer is polymerized at a monomer concenla-
tion from about § 10 about 70 pereent in aqueous solution af
a temperature [Tom ahout 5° C. 10 about 150° . depending
upon the polymerization ipitiatos systemn. A detailed descrip-
tion of the solution polymerization methed is given in US.
Pat. No. 5,145906; The teachings of which awc herchy
incorporated by referenec.

[0144] In the inverse suspension putymerization process,
the unsaturated 0.40 mogomer in an agucous solution (aboul
3510 60 percent monomes 1o AS to 40 percenl water) is
di d in aa alicyclic or atiphatic bydrocarhon suspension

unsaturated monomes and the o a
thermal initiator <an be included in the pnlvmcn/zlmn
process. Usclul thermal initiators ars the “azo” initiators, ie.
compounds which contain the —N—N— strocture. Any of
the azo compounds which have solubi!
monomer-walar mixture and which have an 10 hour half life
al 30° (' or above can he used. Examples of usclul az0
miliaturs are 2,2"-az0hiy propane dibyd; id
4 4-a70his(cyanavalric acid), 4, 1»hu(ylam~cyanovalur1c
acid, 2.2-azobis{isubutyronitrilc), 2,2-az0-0is{2-(2-tmida-
sole-2-y[ypropane dibydrochloride, aad the like. Other ther-
mal initiators include the persulfates and hydroperoxides
when usadl in the absena of 2 reducing agent, e.g. xodium,
potassium aod ammonum persulfales, 1-butylhydroperoxide
and the Like. A preferred azo initiator of uss in this invention
iy L2-azohis{anndion) propace dibydrochloride. The ther-
mal nitiatsrs are used in the amouat of 0 1o about § mole
peracal based oo the weight of unsaturated monomcr.

(01417 lo the casc of photoinibated polymerization, the
polymerization is stared with phatoinitiziors. Non-limiling
cxamples for pholomitiators are «—decomposing comn-
poundds, W abstracting systems as well as azides. Non-
linviting cxamphes for said systems are b h de

medium in the prescace of a dispersing agenl. such as a
surfactant or protective colloid such as potyvinyl aleohol. A
surfactant having a HLB valus o 8 to 12 such as a sorbitan
fatty acid ester may he cmployed as the dispersing agent.
"The inverse suspension polymerization mcthod is described
in detail in U.S. Pat. No. 4.340,706; The teachings of which
are hereby incorporated by ecfercnce.

[0145] Preferred i ihe polymerization i aqueous soly-
tion, the so-called “gelpolymerisation”_In this process, 1 io
70 w % monomers in water arc polymerisud. The technical
procsss is wrilten in Chapter 3 in “miexdern superabsorbent
polymer technelogy™. I© L. Buchholz and A T Graharo,
Wilcy-VCH, 1998, The polymerizativo  is  conducted
between 0° C, and 150° ., prefesred between 107 C. and
100° C. under pormal or reduced or bighored pressure. 1t is
also possible, 10 polymenize under wdrogen

[0146] The carboxylic acd groups or the wnsaturaled
monoie usad i the polymurization may he neutralized
prior 1o or subsequent (o the polymen/ation. Saitable neu-
tralizing ageols include zo alkaly such as sedium hydroxide,
ammonium hydroxide, potassium hydroxide or the like, and

rivatives as Michlerrs ketork, phenanthrene-denivatives,
(foarcoc<derivatives,  anthrachinone-derivatives,  thioxan-
tonc-decivatives, camaria-derivatives, benzoin cthers and
derivatives thereof, a0 componnds as systems which are
huildiog, radicars lmnlwmd ah(xvnu <ul7~ululod hexaaryl-

hicimidarni | Jimiti

the appropriate degree of pewtrali i 50-9% mole per-
cent; prefecably 60-75 mole pereeat. T degree of nevtral-
ization is preferably at least S0 moke porcent.

{0147] Cationiv Polymers

[0148] Suitable cationic malerial are palymers with
aminc- andfar iminc-groups, which are rendercd insoluble

by loking. Preferred are polymers, wopolymers and
grafled (coYpolymers of viaylamioe of cthylene imine,
which can be wsed in a modilied mannes by polymer

or  acylpt g
cxamples dor azids are 24{N,N-d hylamina)-cthyl4-azi-
doi 2{N.N-dinethylamino)-cthyl-4-azidonaphth
ylketoow,  24{N.N-dimethyl }-cthyl-4 1ol
S-azito- Aphlhvl 7-(NN fimethylamino)-cihylsulfons, y
N-{4-sulli henyl) inimide, N-acctyl-4-sulfe

ll)l‘leﬂ.imllﬂL 4- -sulfooylazidoaniline,  4-azidoaniling,
4-azidophenacylbromide, p-azidobcazocic acid, 2,6-bis(p-
azidobenzylidenc)eyclobexanone and 2.6-bis{p-azidoben-
zylidenc4-muthyl cyclohexanonc. Photowitators age used
in amounts of Q.01 0 5% by weight based on the monomer
conlent

[0142]  Ite supcrabsorbent polymer may he prepared by
the solution of the inverse suspeasion polymerization
methad or any suitable bulk polymerization method. The
solutivn polymerization and inverse polymerization meth-
ods are well known i the art; sce for example U S. Pat. Nos.
4,076,663, 4,266,062 4,65403) and 5,145,906 which
desealw the solution polymerization method and US. Pat.

reactions.

[0149] Polyvinylamines arc obigincd by polymer analogue
ceactions, €g. hydeolizing poly-N-vinylamides (as for
example  poly-N-vinylformamides,  poly-N-vinylacela-
m|dus), hydmll ing pu]y N- Vlllyllmld&.\ {as for cxample

poly-N limides). deg-
radnlwn of polyacrylamide  voder n.aumn with basic
hypochlorite. Polyvinylamines are preferably preparcd by
polymerization of N-viaylformamule and subsequent poly-
mer analogue reaction as described in DE-A-3 (28478, The
N-vinylfor: de-groups ol lhe  polymers can be
hydsolized 1o vinylamine-proups. Fus example, polyviny-
laminc can he ofMained hy mmpkul\ tydrolizing the
b polymers of N-vinyl de. Most preferred is
hydmlysxs by basic compounds. With this mctbod, it is

US 2005/0013992 Al

possible 1o reach a degree of hydrolysis i the range of 5 10
95%. Bspecially prefered are products showing degrees of
hydrolysis betweco 70 and 100%; most preferred are com-
pletety bydrolized products. The degree of hydrolysis can be
deturmined by enzymatical determination of formiate or hy
polyclectrolyte-titration of amines with polassium puly-
vinylsutfate-solution,
{0150] Funber copulymers of vinylamines can be used, as
for cxample copolymurs of vinylformamide and comona-
mers. which cao be changed to copolymers of vinylamines
by polymer analogue reactions as described  above
Comonomers are all monomers which ars able to copoly-
menze with vinylformamide. Nonlimiting examples are:
acryl amide, methaycryl amide, methacrylonitrile, vinylac-
clale, vmylpmmonalu, ﬁlyrmc, clbylene, pmpylcm N-vi-
nylpyrrolic N-vi prol N-vinylimidazol
monomers  containiog  sulfon- or  phosphonaic-groups,
vmylglyonl aaylamldo(mclhaa'ylamldo) alkylcne-tnalky-
It, diallyls d..:‘.\, I, (C-Co)
alkylvinylethers as methylvinylether, cthylviny L 150~
propylvinylether,  o-propylvinylether,  t-butylvinyleiher,
n-substituted alkyl (meth) acrylamides substituted by a
(C,-C )-alkyl-group as for cxample N-methylacryl amide.
N-isopropyl acrylamide, and N,N-dimethyl acrylamidc, fur-
iher (€, -Can)-alkylmethacrylic acid esters as methacrylate,
clhylmethacrylate, propyl aceylate, butyl acrylate, hydroxy-
cthyl acrylate, hydroxycthyl methacrylate, hydroxypropyl
acrylate, hydroxypropyl methacrylate, hydroxybutyl acry-
late, hydroxybutyl mcthacrylate, 2-methylbutyl acrylate,
3-muthylhutyl acrylate, 3-pentyl aceylate, ncopentyt acry-
late, 2-methylpentyl acrylate, hexyl acrylate, cyclobexyl
scrylate, 2<cthylbexyl acrylate, phenyl acrylate, hepty) acry-
late, benszyl-acrylate, 1oluene acrylate, octyl acrylate, 2-octyl
acrylate, nonyl aceylate and octyl methacrylate.

[0151] Some specific copotyers are writien for example
in DE A3 534 273: copolymers of N-vinyllformamide and
vinylacelate, vinylpropionate, (C,-C,)-alkylvinylethors,
methacrylic acid- and acrylic acidester, acrylonitrife and
acrylamide and logues thercof and vinyly fidane.

Jan. 20, 2005

[01S6] Fusther it is passible, o modify polyvioylamine,
copalymurs and grafied (co)polymers thereol by polymer
analogue reactions. Said reactions arc manifold and
described for example in “Advanced Organic Chemistry”
from Jercy March, 3™ eeprint, Jahe Wiley and sons 1985,

[0157) Beside these i leculae, polymer analog
ccactions of poly-vinylamines a lot of ofher reactions arc
pssible. Noalimiting examples of said reactions are amidiz-
ing, alkylizing, preparation of sulfonamides, urea, thiourea,
carbamate, acylizing reactions with acids, lactones, acid
anhydrides and acid chlorides. Polymers oblained by said
reactions are also suilable for the preparation of crosstinked
cationic polymers. Prefurably said polymer analogue reac-
tions arc carried out befor: crosslinking the polyvinylamines
and copolymurs and grafied (co)polymers thercof.

(01S8] Orher suilable polymers are polycthylenc-imines,
polyamidoamines  grafied  with  cthylenc-imine  or
polyamines graficd with cthylenc-imine.

{0159]  WO-A-94/12560 tcaches a further class of amino-
groups-, preferably ethylene-imine-groups: ining poly-
mers. Sand pulymu\ are walee saluble, croxslinked, partially

d palyethy incs, which arc available hy

[0168)  reaction of polycthylenc-imines with one-ba-
sic carhoxylic groups ar esiers, anhydrides, acid
chlorides or acid amides thereof 1 an amide, and

[0161} reaction of amidilicd polycthylene-imines
with crosslinkers conlaining at leasl fo functional

Sroups.

{0162} The values of the molcenlar mass can reach up o
S anlbion. Preferably the molecular mass is io between 16000
w i naltion The polycthylene-imines will be partially
amidilicd with onc-hasic carboxylic acids in that way that,
as gon-luniting example, 0.1 the polyctbyleac-imiacs are
pusent as amide-group. Stitable crosslinkers are mentioned
above, Preferably crosslinkers [ree of halogene are chosen

(3163] The reaction betweon compounds containing ami-
and crosslinkers are carried out using 0.1 o 50,

[0152] Noolimitiog cxamples of graficd polymers arc
polymers from alkyleneoxidegroups and N-vinylfarma-
mide as wrilten in DL-A-1 951 5943, which werc
crosslioked after hydrolysation. Farther examples for poly-
mers uschul for gratting arc polyvinylacctate and/or polyvi-
nvl.llu)hul As writlen in DE-A-19 526 6206 pralting with

e onte said polymers by free cadical poty-
mun/‘mon 15 possible and the rcsullznl polymer can be containing at least to functi
hydroliscd, rendered to lized form and linked palycthylonc-ini

proig
proferably 110 5 parts by weight of crassliakur pcv 1 part by
weight of the ami oup i comy

[0164] Onher addition products containing aminogroups
ane pulvuhyh,m. |num,< as well as quatcrnary polyglhv]cnv
imines. The palycthylene-imines and g

cnc-imines can be hrought into rcac(mn with cmxﬂlmkcrs
al groups. Quaternisation of

afterwards.

[0153]  Other suitable polymers fur gralting with N-vioyl-
formamide are vinylacetate, acrylic acid, methacrylic acid,
acrylamidc and acrylonitrile.

(0154} Other suitable polymers for grafling with N-viayl-
formamide arc mono-, oligo- or polysaccharide-based poly-
mers, which contains N-vioylformamide in contents from 20
0 95% by weight, rclated to the entire amount monomer+
potymer. Said grafiud polymers are rendered alterwards in
frce amines by hydrolyzatios, endered in case 1o un-
neutralized form followed by crosslinking.

[0155] Grafied poly are proferably prepancd (rom
N-vinyllormamide as the only monamer. However, i s
possible to replace N-vinylic ide partially by

mers meptiooed abuve

;s can be carnied ont for cxampic with
alkylhalogenides as emctbylchloride, cthylchloride. hexyl-
chlonde, benzylchloride or laurylebloride als well as with
dimuthylsulfatc.

[0165] 1unher suitable polymers are alkoxylated polyeth-
yleos imines, ublainal as eon-limiting example by reaction
of polycthylencimine with ethylene oxide and/or propylenc
oxide The alkoxylated polyethyleoc-imioes can be brought
into reaction with crosslinkers containing at least to func-
tional groups aod thus rendered water-insoluble. The
alkoxylaicd polycthylenc-imines cootainiog per cach NII-
group 0.1 (o 1K), preferably 1 (o 3 alkylene oxide units. The
valves of the mokecular mass of said polyethylene imines
can eeach up w 2 million. Preferably chosco moleculur
masses o polyethylene imines for alkoxylation are in
betwern 1000 o S0000. Hurther suitabk: polymers contain-

Jul
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ing water- mluhlt aminogroups arc reaction products of
Iyctbylene-imincs with dik as for example poly-

clhykm mincs with molccular masses from 100 to 50000

with disicaryl-diketene, which are crosslinked afterwards.

{0166] Crasslinked Polyethyleac-imincs are for Example

Described in LP 0 895 521

[0167] Palycthylene-imine is obtained in coaventional

manner by cationic potymerization of ethylenimine in the

presence of polymerization calalysalors, as (or cxample

acids, tewis-acids, acid salts of metals. Preferably used
by incs show molecolar weights from 1000 to

polyetby
5 millioa.

[0168] L<puuallv prn[cm;d callunm pulymem ary pulyvn—
nyl 5 polyctbyl lyally . polyvi-

Jan. 20, 2005

{0182] Furher  cb-dichloropolyalkylencglyanls  arv
known as crosslinkers from EP-AG02S SIS with preferably
1 to 10 cthylenoxidc-voits.

[0183]  Further crosstinkers (¢) comaining blocked isocy-
anatcgroups, as for cxamplu trimethylhexamethylenc-diiso-
cyamte blocked with 2.2.6,6,-iciramethylpsperidine4-on.
Such crslinkers are koowa as for cxample from DE-A-4
028 285,

[0184}  Fusther prefoered are crosslinkers containiog aziri-
dine-groups (d) based on polycthers or substituted hydso-
carbons, as for example |, G-bis-N-aziridinomcthanc. Parts
of this calegory of crosslinkers are Turther at least reaction
products of dicarboxylic aci! wuiers with cihylen: iming
containiag two aziridino-groups as well as mixtures of said

nylguanidine and in case modlh\,d polyvinylamires and
modified polycthyleneimines.

[0169] Most Preferred Cationic Polymers are Polyviny-
lamine and Polycthyleocimine,

[0170} Crosslinkers for Crosslinking the Cationic Poly-
mors

[0171] Switable crossinkers for crosslinking said cationic
polymers arc bi- or polyfunctional, that is, they arc possess-
ing two ore more active groups which are able to read with
the amino- or imiso-groups of the polymers. Besides com-
pounds of low molecular weight it is possible to camry out the
crosslinking reaction with polymers and/or copolymers.

{0185] Crosslinkers free of halogene (d) arc praducts of
the reaction of dicarboxylic acid csters (complutcly esteri-
fied with one [unctional alcohols wath | to 5 carbonatoms)
with cthylene imine. Suitable dicarboxylic acid esiers arg for
cxample oxalic acid dimethylester, oxalic acid dicthylester,
succinic acid dimethylester, succinte acid dicthylester, adi-
pic acid dimethyl cster. adipic acid dicthyl cster and glutaric
acid dimethy! cster. Thus it is possihle to get bis{f<(t-
aziridino)ethylJoxalic acid amide fram the reaction of
dicthyloxylatc with cthylenc innnc. ‘P dicarboxylic acid
cslers are reactng with ethylene imines 0 & melar ratio of
1 1o at least 4. The reactsve groups of this crosslinkess are the
aziridino-grovps at the cod of (e malecules. Those

{0172] Suitabl: bi- vr polyfunctional crosslinkers arc as
nonlimiting cxamples

{0173] (a) - or polyglycidyl compounds
{6174} (b Di- or palyhalogene compounds

{0175] (¢) Campounds with two or morc isocyanate-
groups, which can be blocked

{8176] (d) Polyazindine compounds
{01777 (¢} Derivalves of dihydroxyketon

{01787 () Compounds with two of more activaied
doubks hondings, which can carry out Michacl-addi-
tions {g) Sodiven formiate (b 1%4- and polyaldehydes
and Di- and palyketons.

[0179] Preferred crosslinkers (a) arc as nonlimiting
wxamples bis-chlorohydrincthers of polyalkylene-glycols, as
written in U.S. Pat. No. 4 144 123, Further preferred arc
phosphonic acid digiycidyl ciher and cthyleaeglycol digly-
cidyl cther.

[0180] Further crosshinkers ars reaction products of at
least threchydric aloohols with epichlorhydrin 1o form prod-
ucts comaining &l kast two chlorobydrip-units. That is,
genenally used as polyhydric alcohols are for example
glycerine, ethoxylated glycerine or propoxylated plycerine,
polyglycerine with 2 10 15 glycerine-units per molecude, as
well as cthoxylated or propoxylated polyglyccrine. Said
crosslinkers are proposed in DE-A-2 916 356,

[0181] Suitable crusslinkers (b) are o,0- or vicinale
dichlorualkancs, as fur anmpk 1.2<lichlorocthane, 1.2-
tichtorop 1.2ichl and 1,6<lichloroh
ane.

are charactonzed as oonkmitiog cxample by the
tollowing formula:

{CHLN (T, NI €0 (f [l) 40 NN

{CH), NECULY wresein aml) &
[0186]) Crosslinkers of (c) are as nonlimilim, cxamples
dhyl«.m. catbonate, propylcne carbonate, urca, thivarca,

dicyancdiamid or 2-oxazolidi and deriva-

tives thereol. Prelemed are propykenc carbonate. urea and
guaniding

[0t87]  Crosslinkers of (1} are products of the readtion of
polycther  diaming alkyleny  diamuaes,  polyalkylene
polyamines, alkylene plycals, polyalkylene glycols or mix-
tures thereof with moneethylenically unsaturated carboxylic
acids, esters, amides o anbydrides of moaoerhylenically
unsaturaled carboxylic ac said reaction products
conlaining at least two cihylemcally unsaturated doubly
bondings, carboxylic acid amide-, catboxylic- or ester-
groups, as well as methylene-bis-acrylamide andd divioyl-
sulfone.

[188] Crosslinkers of {f) arc as nonlimiting cxamples
products of the reaction of of polyctherdiamines witk pref-
crably 2 to 50 alkyle-propylencdiaming, 3,4-diaminobutanc
and  1.6-diaminobexanc, polyalkykopolyamines  with
molucutar weights of ks than 5000, as for example dicth-
yleoetriaroine, lnclhyl»nclunnum, d‘prupylnnummmc
tripropyl dihex: hyk and zmu)o-
propylethylencdiaminc. alkylencglycols. pobyalkylenegly
cols or mixtures thercof with

[0189] munocthylemcally  unsaturated  carboxylic
acids

[0190]  esiers of monecthylemcalty unsawrated car-
boxylic acids
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[0191] amidcs of monacthylenicatly unsaturated car-
buxylic acids and

[0192] anhydrides of monacthylenically
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[6206} Mot preferad are crosslinkers react completely or
proferrad with aminogroups of the cationic material in that

way, that no covalent b s af the linked pal

carboxylic acids

[0193]  Said reaction products and their manufaclunnl, are
described in EP-A-873 371 and are exp lly mep-

layer (o superabsorbent material oceurs.

[0207] Mcihad of coating 2 hydrogcl-forming polymer
with a cvating solutive that contains both an amine 20d

tivaed herchy.

{0194] Uspecially preferred crosslinkers are products of
the reaction of maleic acid anhydride with a,i-poly-
ctherdiamines of a molecular mass fmm 400 to 5000, the
reaclion products of polyethyl incs of a molecul:
maxs from 129 (o S0 000 with maleic acid aghydride, as welt
as the reaction products of cthylenediamine or (ricthylene-
(elramine with maleic acid sabydride in a molecular ratio of
110 at least 2.

[0195] Crosslinkers of (1) are preferably compounds of the

following formula;

HOOC -CH CH 00 X {(CH,), —Y—-] —
A ZF 0= =000

[0196] Wherain X, Y, Z=0, Nt
[0197]  And Y additionally expresses CH,
[0198] m. a=0-4
[0199] p. qu-45 000

0200] wh«:h can he obtained as reaction products af
cthytened or polyalkylenep-
ulyammus with maleic acid anhydnde.

[0201] Suitable crosslinkers free of batogeoe of (b) are as

cxamples dialdehydes or their half- or
acetale-—-compounds as precursor. Examples are: glyoxal,
methylglyoxad, malooic dialdehyde, succiaic diafdehyde,
malenic- and furmaric acid dialdchyde, tadaric acid dialde-
hyde. adipic acid dialdchyde, 2-ox0-adipic acid dialdehyde.,
furanc-2.5- dipropionaldchyde, 2-formyl-2,3-dihydropys-
ane, glutardialdehyde, pimeline acid aldchyde, as well as
aromatic dialdehydes as for sxample tercphibalic acid dial-
dehyde, a-phthalic acid disldehyde, also bomo- or copoly-
murs of acrolein or methacrolein with molecular mass of 114
1o aboul 10 000 Suitable conmononmess ate waler-soluble
monemers as tor n’cmpk acrylam:dc wnylaa,mc and

acrylic acid. Funther ae

[0202]  Suitabl crosslinkers free of halogene of (h) arc as
nonlimitating cxamples diketons or their hall- or ketale—
componnds as precursor Examples are: f-diketone as acely-
Tacetont or cycloalkanc-),a-dioas as cyclopentanc-1,3-di-
one and cyclobexane-1 A-dionc. Suilabls compounds are
also homo- or copelymers of methylvinylketone with
molecular mass of 140 to about 1500, Suitable comono-
mers are wateesolgble monomers as for example acryla-
mide and vinylacctate.

{0203] Of Cuursc, it is Possible to ase Mixtures of Two or
More Crosslinkers

[0204] Uspecially proferred are crosslinkers without any
halogen. The most preferred ermslinkers arc sodium formi-
ate or cibylenglycoldiglycidylether.

[0205] The craslinkers meationed above are used alone
or as mixture wilh walcs-soluble, ami P
polymers ur polyalkylunpulyimum.

cros

[0208] Conventiona! aon-surface treated hydrogel-form-
ing polymer panticlos used as base polymer according to the
presenl inveation arc typically substantially dry. The term
“substantially dry™ means that the particles bave a liquid
content, typically water or other solution conteot, of less
than ahout 104, preferably less than about 8%, and most
proferred kiss than about 6%. In general, the liquid content
of the coated superabsorhent particles is in the range of from
about 0.01% to about 5% hy weight of the particles. Water
contents of more than 10F% arc undesired, because the
penetration of the coating solution in the case of base
polymers with water conteats of more thas 10% will be too
strong, and crosslinking of the potyamine compounds only
at the surface o) Ihe superabsorbent particles cannot be
puaraniced.

[0209] Said base polymer is comlacted while mlxmg wuh
a woating solution ¢ p 4 polyamine (polyviny ,
polyallylamine, or polycthylencimine) and a linking
agent (sodism fummale, polycpoxics, dicsters, cie.) 1o water
and (optionally) a woltting agent that is a hydrophilic organic
solvent, preferably an alcobole such as propylene glycol.
The weight ratio all organic solvent 1o water is preferably
lowcee than 50:50. The application of the coating solution
onto the surace of the base polymer can be achieved by
addition of boih the palyamine solution and crosslioking
agenl as one solution, or by addition of potyamine and
crosslinker suparalely, bul at (he ssme (i or slicroatively
sequentially.

[0219} The coaling solulion is applied 1o (he base potymer
particles in a mannce such that the solution is uniformly
distributed on the surlace of the base pulymer particle. Any
of the known mutheds tor dispersing a liguid can be uscd;
preferahly by dispersing the coating solulion into fine drop-
lets; c.g. by use of 4 pressurized nozzle or a rotating disc.
Uniform coating of the base polymer can be achicved in a
high infensily mechanical mixer or a fluidized mixture
which suspends the base polymer in a turbulent gas stream.
Mcthods for the dispersion of a liguid onto the superabsor-
benl base polymec’s surface are known in the an; see lor
example U.S. Pat. No. 4.734,47K: the teachings of which arc
herehy incorporated by ecferency; in particular column 6,
line 45 10 column 7, line 35,

[0211] The resulting particles are then dried and cured at
about 100° C. for sufficicnt lime to cure the coating. The
resuting product is the broken vp if agglomeration has taken
place and resizd.
[0212] There ar soveral metheds o perform polyamine-
coating.
{0213]  Polyamine and crosslinker are added simul-
lanousty. Both componeats are mixed in a short time
bevor application. Said muxture is applicd via oo
oozele
[0214] Polyamine and crosslinker are added simul-
tanously. Buth compogeots are prefurably applied

g
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via two separate nozzles to avoid crosslinking fore
application 1o the surface of suprabsorhent matenial
because of the high reactivity of the crosslinker.

[0215] Swp-hy-step addition of the componcnts. ai
first the addition of crosslinker, follawed hy the
addition of cationic polymer  (preferably  the
polyaminc). This method requires cxperimental con-
ditions (¢.g. very low reactivn temperaturos) ta avuid
covalent bondings of the crosslinker 10 the xuperab-
sorhent sueface, if crosstinkers of high reactivity are
chosen.

[6216] Stcp-by-step addition of the a
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[6225] N is possible to change the charge density of the
polyamines. For cxample, polyviaylamine shows in com-
pletcly protanated configuration a charge of 23 meg.

19226]  Afurther possibility of modification is the addition
of adhesives, such as water-sofublc or water-seasitive adhe-
sives, falex adbesives, microfiber glues. hol melt adhesives
(e, clastic hol melt adhusives) of solvent-hased adhesives
or the like. The addition of adhesives may suppont the
adhesion of superabsorbent particles onto Sbrous matetials.

[4227]  Yet another possible modification is treating the
coated superabsorbent particles with plasticizer lo render

J

first the addition of cationic polymer (prclcmhly the

G OF itcs made thereof more flexible. Suit-

ahlc plamu/u\ include water, alone or in combination with

polyaminc), follawed by the aduition of crosshi

[0217] 1tis mporlanl to perform (he reaction fumpera-
tures after the apg on of both ¢

and cationic polymer). The temperature has 1o be less than
150° C. 10 avoid yellowness of the product and covalent
bendings betwesn carboxylic groups of superabsorbent
material and the aminogroups of the cationic polymer.

{0218] Additional Modifications

{0219]  Further it is possible, to modify the cationic poly-
mer by the addition of polyvalent ionic compounds.

[6220] Switabk: ionic compnunds are solutions of salts
comaining iwo- or more valescies. Nog-limiting examples
for saitl metall ions are Mg™, Ca™, AP, S¢*, Ti**, Mo™,
Fe*P*, Co™, Ni**, (w*™*, Za™, Y™, 7r', Ag”, 127,
Co™*, 0f ™, vod Av Preferred are Mg®, Ca™. Al™,
Ti*, 2o ond 14> . and especially preferred are AP, TP
und 11“ or mixtures thereof. Suitable metall jons arc
soluble o a convenient content in the applicd solvent.

[0221] Most preferred are salis ol mutals wih anonie
woaps tending to forn weak complexes as for xample
chioride, nitratc und sulfate. Suitae solveals are water,
alcoboles, DME, DMSOQ as well as mixtures theroof. Lspe-
cially prolerred solvents are waler akd mixtunes of watur/
aleohole as for example watcrmethanole oder water/1.2-
propandioke. Said metall salls are applicd usiog ihe
convenival solution or dispursion of metall salt and solvent.
“This is done by any of various techniques and apparatus used
for applying solutions to materials including coating, dump-
ing, pouring, spraying, or immersing. Preferably it is done
by spraying (he solution or dispersion onto dry coated
superabsorhoat. Drying afterwards takes place using tem-
peratures of no more thao 100° C. for reasons explained
later.

[0222] Furiheron, anionic compounds can be added. Non-
limiting cxamplus are sulfate-, carbonate- ar phosphate-wns

[6223] {onic compounds can be added at the same time or
afterwards the polyamine coating. Even cationic polymur
and/or anionic added simuliznuously. The onty restriction is
that the crosshinking of the polyamine bas (o be guarsniced
and ¢.g. oo complexing eeaction by added ionic compounds
takes place before crosslinking is finished.

{0224]  Another possibility of mudification i the sddition
ol acids. Nontimiting examples of acids which can bk added
are HOL H.80,, H,P0,, ClL,C00M fc, Using this method
it is possible 1o adjust the degroe of ouutralisation of the
cationic polymer and lo Jower the pll of the polymer to the
desired pli-valuc,

Jeoplasticizers as for ¢xample glyccrol. 1o the
casc of water alone, the absorbent structure can be placed
<. in a high humidity eaviroament.

[0228] A further possibility of modification is the addition
of surfactants. 10 is poxslblc. to use all nonionic, anionic,
cationic and amph heing given
(0 thase, which are soluble or at Ica.\l dispersibie in water.

10229]  lixamples of suitable aonionic susfacl are the
adducts of cthylenc oxide, propylene oxide or clhy]cnc
idefpropyleac oxide mi with alkylphcnols, aliphatic

aleohols, carboxylic acids or amines. Suitable cxampk.s arc
(Cy-C)-atkylpbenols alkoxylated with ethylene oxide and/
or propykenc oxide. Other cxamples of suitable nonionic
surfactants are ethoxylated (C, (2, )-fatty alcohols, cthoxy-
lated (C,-C)-(atly amioes and cthoxylated (C,-C,,)-fatly
acids as well ax ctboxylated (( m-(‘”) fally acid amides.
Alse suitable are polyhydri "oJ-alcohols esterified par-
tially with (C',-C Hally acids. These esters can addition-
ally he reacted with from 2 10 20 mol of cthylene oxide.
Lxamples of sutable fany alcohols which are alstearyl
aleohol, myristyl alcohol, Jauryl aloohol, oxo alcohols, and
ajso unsaturated aleohols such as oleyl alcobol. Examples of
(C,-Colalovbols, which are partially esterified and, if
desired, cthoxylated, are glycerol, sorbitol, mannito! and
peatacrythritol. These polyhydric aleobols are panially
esterified with (C,,. -C,,)-lally acids, ¢.g. olcic acid, stearic
acid or palmitic acid. Esterification with the fatty acids goes
only so far as o kave al least one Oll growp of the
polyhydric alcohol unesterificd. Examples of suitable esteri-
fication products arc sorbitan monooleate, sorbitan tristcar-
ate, mannitol moncoleate, glycerol manookate and glycerol
dioleate, ‘The above-mentioned fatty acid csters of polyhy-
dric alcohals which siill contain at keast one free Ol group
can be reacted for further moditication with cthylene oxide,
propylene oxide or mixtures of cthylenc oxide and propy-
tune oxide

[0230] Another group of svitable surfactants compriscs
homopolymers of cihylene oxkk, block copolymers of
cthylene oxide and alkylene oxides, and atso polyfuactional
block copolymers which are formed, for example by sequen-
tial addition of propyluac oxide and cthylene oxide onto
diamincs.

[0231} The Nonionic Surfactants can he used Alonc or in
a Mixiure with Ope Another.

[0232] Suitable anionic surfactants are (Cy-C..)-alkylsul-
fonates, which are preferably used io form of their alkali
metal salis, (Cyp-Chy)-atkyl sulfates, which are preferably
uscd in form of their alkali metal o trialkanolammonivm
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salts (v.2. tnalkanolammonium Jaury! sulfate, sulfosuccinic
di- or monnesters), (Cg-Cgy)-alkyl aryl sulfoni i

the sulfuric acid hallesters of adduets of ethylenc
alkylpheools or faity alcobols.

[6233] Suitable calionic surfactants are ¢.g. the salts of
fatty amincs, quaternary fatty acid amiao csters, quaternary
fatty acid aminoamides, adducts of alkykne oxides with
faity amines or salls of Inuy amincs, and also fang chain
alkythenzyldimaihyl

o

[0234]  Suitabk: ampholum ﬁur!aaams arc v.g. dimethyl-
carboxymethyl-fatty acid alkylamidk jum betaines,
or 3-(3-(atly aud amido propyl} dimethytammonium 2-hy-
droxypropancsulfonsic.

[0235] The ionic surfsctants can be used alore or i a
mixtere with one another.

{0236] IThe abovementioned compounds are applied as
powsder, or an aqueous solulinn, or in 3 form dissolved or
dispersed in a2 mixture solvent of wator with a hydrophilic
solvent such as cthanol or ip a form allowed 10 react or 10 be
adhered o the polyamine coated superahsorbent particles.
Thus, there is no preferred method of application. The
abovementioned compounds may b added in form of a
powder, or may be sprayed in a liquid fivm which is made
by dissotving or dispersing it in a suitable solveat. Said
sofvent will be removed Jater on ¢.g, by drying. A preferable
acthod 1s such as mixing the water absorbent particles with
said madification compound, ¢.g, by using a device such as
2 high speed agitating mixer, an air mixer, a tumbling mixer,
aod bundary miser, Otherwise, the superabsorbent particles
are also immensed in s solutisn oF dispersion of the modi-
ficauon agent, a1 cither be mixed with liguid drops, or mixed
0 & mist lype forined by spraying the soletion.

[0237] The mentioned surfactants can also be applied
during the step of surface crusshoking. o this case, the
cualing solstion will be applicd in a peformed distribution,
and the coating will be completely covering the surface of
the polymer particles.

102381 Absurption protile of polyaming coated hydrogel-
fornung polymer

[0239] A. Polyamoe coated superabsorbent polyoer
particles show impraved perfarmance.

[0240) Gemerally superabsorbent hydrogel-forming
polynwr paticles with Pressure Absorbeacy 1adex
PAL of fess thaa (20, preferably of kess than 110,
more prelerably of kss than 100 show some advan-
tages vompared (o superabsorbent polymer material
with PAL of more than 120. Absorbent cores built
from superabsorbeni matenial with Pressure Absor-
bency Index PAL of less than 120 show 2 much hetter
pemeability (han the convential ones. Anotber
advanlage is the performance of polymar particles
with PAI<120 in personal care products. Said par-
ticks show improved aquisitioo times and lower
rewets. Furthermore they show exuelleot absorpiion
capaciies.

{0241} Aficr coating with polyamunes. the bydropel-
forming polymer particies absorb bady fluids with
highest soyutsiton rates and having Jow rewet at the
same Lme. No gol-blocking, is obscrved.
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[0242] CGracnally, by adhesively coating the superah-
sochen! particles with 2 crosshinked surface of
polyamine, it is passible, 1 have as high erosslinked
superabsorbents within tbe absorbeat core, that is,
the absorbeni core shows cxeellent purmuability and
therefore excelient aguisition umes, and al the same
fime the new  superabsarbeal  particles  exhibit
improved rewel.

[0243] tn a prefereed cmbodiment, said absorption

pmﬁ]c will further be improved by use of basc

crosslinked with alumi silicie acid

alkah sall ar alumosilicalc  compounds.  Said
inkers leads to optimized base poly

[0244] Morcover, polyamine coated  hydrogel-forming
polymer particles are characterized by 4 ratio of AUL (0.03
psi) to AUL (0.90 psi) of moere than 2.0, prefeaed of more
than 2.5, especially preferred of more than 2.0 and most
proferred of more than 3.5,

[0245] B. bupcrabsod)cnl particles of extremely bigh
bility er: abtaincd of superabsorhents baviag a
(_RC of at least 18 g, preferably of at least 20 gfg,
especially prefeered of at least 22 g/g and a Gel Bed
Permeability of more than 800, preterably of mose than
1000, more preferred of more han 1200, especially
preferred of more than 1500 and most prefeared of
morc than 20XN).

[0246] 'l'hc oW zhsodx:n! mzw(ial show  an
y coml 1 with
gmd absorption upaulnu and uxesllent rewel

behaviar,

[0247] Abmdxm vorcs comprising highly pernicable
tbent hydrogel-foming polymer with a
<hdl exhibit uxu,lk,m purmeability. Comparcd o
conventional  superahsorbent  polymers without
polyamine coaling, the highly permeable polymers
according to the inveation exhibit high absoption
capacilics and show for a wiver CRC improved
performance. The permuahlity is improved com-
pared to conventional uncvated superabsorbent
material of the stake of the an. The absorplion
capacities of the new absarbent matenisl are very
high, and their acquisition behavior is exellval

[0248] ‘'The formation of ahsorbent membeors from said
abworbunt structures enahles a production of improvud por
sonal care products. ‘The improved products show excellent
permeability and good absorbeney The application of the
suporabsorbent  particles with improved  pereability
acoording 1o the invention enables the production of
cxtremely thin and flexible bighest amounts which are
herefore very fortable 0 use. The imy d p
exhibit llent p bilily by uachanged absorplion pro-
fiks.

[0249] €. Improved acquisition behavior is abtained by
polyamine coating of superabsorbent fines. Coated
supcrabsorbent fines according fo the invention cxhihit
the same performance as superahsorbent material with
normal particle size distribulion even afler fepeaiend
dosages and show additional the benefits fa acyuisition
behavior and rewet afier the first epplication of aqueous
solution.
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[0250] Further cvated fines show bigh acquisition
caies and cxcellent rewats, causud by the high surface
area they arc offering and their higher aumber of
smaller pariicles, compared 1o coaventionat super-
ahsarbuots. The fluid transmission or permeability is
improved.

{0251]  The new coated superabsorhent fines show no
or gel-blocking. Farther the new products have the
abitny for trickling and are therefore very comforl-
able i bandling, Theeefore they are proferably used
Yor apphications in absorption of aqueous solutions
<0 medwal care, engineering and consiruction, in
apriculture of as food packaging and storage and
protechive against fine

|0282]  Application of Palyamine Coated Hydrogel-liorm-
my, Polymer as Absorbent Core

[0253]  Ihe woated hydrogel-forming polymer particles are
mcorporated 0 Ubrous substrate for application in persomal
carc products. Methads of incarporation are those skilled in
ihe art and may be suited for use in the present invention.
{0254]  Suitable tibrous webs for the present invention
inchnde those made using synthetic polymeric fibers, The
synthatic polymeric fibers may be formed from any poly-
manc matenal capable of forming fibers which fibers can be
formu intu a ibrous weh, Suitable polymeric material from
which the synthetic polymeric fibers may be formed include
polyolelns, suck as polycthylone, polypropyleoe, and the
like; polyusicrs such as polycthylenc terephthalate and the
Iike; polyamides such as aylon 6, aylon 6,6, poly(iminocar-
hoxyipentamathylene) and the fike; acrylics, and modificd
celliosic maleral, such as celluloss acctate and rayon, as
well as mixiures and copotymars thereof.

[0255] e syuthetic polymeric tihers may be formed by
malibowing, thmugh 3 spuabond process, by extrusion and
drawing, of oihur wot, dry and ol spioning methuds
Knuwn to those skilled io the art. ‘The synthetic polymeric
fibers frons which the webr is formed may have a disarcte
fength. or may b sabslantially continuous. For example, if
the synthete polymene tibers are formed by meltblowing,
the Tibery may be substantially continvous (fow visible
endsy It the ibees are formed by extrusion and drawing to
produce a tow, {be tow may be used as produced or cul into
stapie fibers haviag a leogth, for examply of from about 25
mithmeters i about 75 millimeters oF short cut into length
of frum about | muflmcter ko aboot 25 millimeters. The
synthetic polymeric fiburs may suitably have a maximum
cross-seclianat dimension of from abow 0.5 micrometer to
about SO micromiturs as determined by microscopic mea-
surumenl using an optical microscope and a calibrated stage
microaeter o by measurement from Scanning Electron
photomicrographs.

[0256] It Gbrous weh may be furmed directly through a
spuobond o mlibkwn process, of by carding or air-laying
staple or short cut fibers. Other methods of forming fibrous
wohs knowa (o those skilled in the ant may be suited for use
in the proseat invention. The web may subsequently be
bended o ¢ahance stnictural integrity. Methods of bonding
fibrous webs are haown to those <killed in the art and include
thermal bunding, point bonding, powder bonding, ultrasonic
bonding, chemical bondiog, mechapical entanglement, and
the fike. The fibee may be bomogenous fibers or may be a
corefsheath or side-by-side fibers knowa in the art as bicomn-
poncat fibers
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[0257] The librous weh may be formed from a single type
of syathelic pelymeric fiber or may contain synthatie poly-
meric fihers formed from different polymeric materials,
baving differcol fiber leagths or maximum cross-sectiosal
dimensions. For example, the weh may comprise a mixture
of (1Y bicomponent fibers having a polyeihylene sheath and
a polypropylene core which broomponent fibees bave a
maximaim ceoss-seetional dimension of about 20 microwme-
ters and a Iwglh of about ‘8 aillimeters and (2) polycslcr
fibers (, hal having &
cross-sectivnal dimensi "o about 25 mi and a
leagth of about 38 millimelers. Fibers 1 apd 2 may be
combined in a weight ratio of from 1:99 10 99:1. ‘The fibcrs
may be uniformby mixed or may be concentrated at opposite
planar surfaces of the Librous web,

{0258] The web suitably compriscs from about 10 o 100
weight porceot, henclicially of lom about 20 to 100 weight
pesecnt, preferably from about 50 o 100 weight percent
synthetic polymeric fibers. Tn addition 10 the synthetic
polymeric fibers, the weh may contain from about 90 to O
weighl percent of a noosyntbetic polymeric iber such as
wood pulp Bufl cotton linurs, cotton, and the like,

[6259} 1n onc preferred cmbddiment, the weh contains
syothetic polymeric fibers which are formed from a paly-
metic having 4 high wel modulus. ‘The dmportance of be
modulus of a material s dise d in the book “Ahsor-
beney” edited by P K. Chatterue (Elsevier, N.Y., 1985). A
polymeric matedal will he considered 1 have a high wet
modulus when it bas a wet modulus greater than about 80
porcent of its dry modulus as determined by ASTM (Ameri-
can Socicty for Tuting and Malenals) wst method D 2101-
91 using medificd pauge leaths, 1t is ofien desired o form
the synlbetic polymeric tibers of the web from a polymeric
material having a high wot modutus because such material
geaerally form Gbous webs which possess a relatively bigh
degred of wet resilicacy. The wat resilicace of a fibross web
is related o the pore stracture (while under load) of the
fibrous web. As will be discussed in greater detail below, it
is often redd that the weh have a relatively high degree of
wet resilicnes.

[0260] ‘The pore structurc (while under load) of a fibrous
structure formed from fibers of 2 polymeric material will, as
discussed above, nelate to the wet andfor dry modulus of the
constituent fibers. Wet modulus of the consituleat fibers
should be considered for fibers (hal may likely be wetted
during usc. For the purpases of cstimating the effect of load
on the pore siucture of a fibrous structure formed fron
fibers of a polymuric material the tensite modulus of the fiber
which can be related o the oxural rigidity of the fber as
shown in Ibe book “Physical Properties of Textile Fibors™ by
W. E. Morton and J. W. 8. Hearl (The ‘lextile Institute,
London, 1975) can be used.

[0261] As a general ruk:, the polymeric maierials from
which the syothetic polymeric ibers of the web arc formed
will be inherently hydrophobic. As used herein, the term
“hydrophobic™ describes a matenal which has a coptact
angle of watcr-in-air of greater then b degrees. The term
“hydrophilic™ refers 1o a material which has a waler-in-air
contact aogle of less than 90 degrees. The waler-in-air
contact angle is suitably determined as set forth in the book
“Absorbency” edited by P K-Chalicrjee (Llsevier, N.Y.,
1985). As used berein, a polymeric matenial will be consid-
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cred as “inb ly” hydrophobic or bydrophilic when the
polymeric malmal frec from any \urfau, modifications ar
treatments, ¢.8., surface active agent, spin fishes, blooming
agents, elc., is hydopbobic or bydrophilic, respectively.

[0262] Wheo the syathetic polymer fibers of the web are
forma) from a polymeric material which s inbcrently
hydrophobic, it is oftza desirable to treat the fibers with a
surface modifying material to tender the surface of the fiber
hydrophilic. For example, a surfaclant may be applicd to the
fibers.

[0263] ‘Ihe fibrous web may also mmpnsc hydrophilic
fibers. ‘The hydrophili ials may be 1 ly hydro-
philic such as collulosic fibers such as wood pulp fluff,
cotton linters, and the like; regenerated cellulose libers such
as myon oru,rlaux oylon oupolymcrs such as poly(pentatn-

I ide) (nylon-6)/polycthylenc oxide. Alier-
nalxvcly, the hydrophitic fibers may be hydrophobic fibers
which have beca trcated 1o possess a hydrophilic surface.
For vxample. the fibers may be formed from a polyolefin
material which is subscquently coated with a surface active
agent such that the fiber fself’ is hydrophilic as described
fierein. Other methods of hydrophiliziag fibers formed from
hydrophubic materials are known and svited for use in the
present inveation.

{0264) Mcthods of providing int 1y hydrophilic fibers
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[0269] Superabsorbent polymer fibres arc preferred for
several reasons. At linst, (hey can be easily incomporated into
the structure of a noawoven maietial. Polymer fibres remain
in place betler than superabsorbent polymer patticles in the
casc when comprussive forces and other Torees act oa the
absorbent article. burther, superabsorbent polymer tibres are
geacrally softer ad more Soxible than particulate superab-
sorhents. Superabsorbent polymer fibres may also have less
tendency (o cause holes in the backsheel when they are in
their dry state (han some particulate superabsorbeal poly-
mers. Supershsorbent potymer fibres can be distributed
within a layer of malerial so thal the libers are peneraity
spaced away from adjacent fibres 21 sufficient distance.
Thesetore, superabsorbeni polymer fibres will have a
reduced tendency {o come i contact with cach other and
cause gol-blocking during absorption.

{0270] Procedure of korming Composites Containing
Polyamine Coated Hydragel-Forming Polymoer

{027(] Water-absorb posites can be factured
from superabsarbent particles with a shell, Prelerred are
polyamine coatl supcrabsorbent polymers which arc
brought together with structure forming compousnds such as
for cxampke fibrous matrices {buill from celiulosic fiber,
syothetical fibers ar mixtures thereof as air-laid or/an wet-
h|d wuh) open- or Cosed celled foams, or others. The

such as wood pulp Dufl are known. So to are mclhods of
providing regepcrated ccllufosic fibers such as rayon.
Hydrophobic fibers which can be treated to posscss a
hydrophilic surface arc suilably formed by processes known
10 those skilled in the art. If the hydrophilic fibers are
hydrophobic fibers which have boen treated (o possess a
hydrophilic surface, the fibers will sitably bave a fibur
length and a maximum cross-scctional dimension as set
forth above. 17 the hydrophilic fibers are inherently hydro-
phitic such as wood pulp tluff, rayon, cotton, cotton linters
and the like, the fibers will geaerally have a length of from
about 1.0 millimeters to about 50 millimeters and a maxi-
mum cross-sectional dimension of from about 0.5 microme-
fers (0 about 10 micrometers.

[0265]) “The fibrous web suitably comprises from about 10
o U weight percent, beoelicially from atwet 30 to HKO
woight percent, and preferably from about 55 to 100 weight
perocal of hydrophilic fibers, preferably inhereatly hydro-
philic fibers, Tn addition 1o the hydrophilic fibers, the web
may contain form about 90 to ¢ weight perceat of high wet
modulus, preferably inherently bydrophobic fibers. The web

g is cxplained with polyaming coated superahsor-

hent pnlymcm. but can also he adjusted to othor superab-
sorbent particks with a shell,

[0272]  Alicraatively, s compaosite can be formed from Iwo
layers. which arc combined in 2 way that a plurality of
chambers an: formed in which 1be polyamine coated super-
absorbunt polymer particles are incorporated. fa this case, at
least one ol said layers has (o be or closed cefled foams,
perforated films, clastomers or fibrous matrices. [ncluded ate
also laminates of at least (wo layers, comprising said super-
absorbent particles.

[0273] Funtber a composite can be formed from a cammier
tayer (¢.g. a polymer film), onto which the superabsorbeat
polymer particks are affixed. The lixation can be carricd oot
al one side or at both sides. ‘The carrier layer can b
Watcr-pervions of walcr-Impervions.

[0274]  According to the present invention, the composites
confaining more than 30% by weipht. preferred more than
40% by weight, cspecially preferred more than S0% by
weight and most preferred mote thao 600% by weight super-

bsarbent particles with crosslinked polyamine sheil. Pre-

may b formed form a single type of hydrophilic fiber or
may contain hydraphilic fibcrs having dlﬂm,nl Lomp(m-
tions, kogths and i sross-suctiona) di

[6266] 1n une preferred embodiment, the web is formed
from air laid vellulosic fibees such as wood pulp fluft. Wood
pulp flulf tibers are preferred for use duc to their ready
4va|lah|hly and due lu the fact that the fiburs are relatively
d (o hetic fibers.

P f

[0267]  n one especially prefermed cmbodiment, the web is
compressed wnder reduced pressure.

[0268] In another prefered embodiment, the cvated
hydrogeh-lorming  polymer  particks  are  incorporated
togethur with superahsorbent polymcr fibres into fibrous
substralc,

ferred are composites from suporsbsorbent particles and
fibrous matrices.

[0275] Suitable fibers for forming fibrous matrices arc
meotioned above.

[0276] 1na preferred cmbodiment of the present inveotion,
the polyamine coated superabsarbent particlss are incorpo-
rated in a hydrophilic ibre matrice W form the composite.
This can b done by diffrent procedures mentioned below.

{02771 The fibrous matrice can be formed from a mixture
of synihtical fibees and cellulosic fibers {n a mixing ratio
from (100 1o 0) synthetical fihers to (0 1o 100) actlulosi
Gbers. Ihe cellulosic fibers are opli hemically stff-
voed for improvennt of the structural integrily
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pants and the like. ‘Ih backsheet can comprise a woven or
nonwoven material, polymeay films soch as shermoplasiic
falm of polycthylene ar polypropyleac, or composite mate-
rials, such as film-<coated nonwoven maierial. Preferably, the
backsheet is a polyethyleon film baving a thickness of from
about 0.012 mm o about 1105 mm. Preterably the hacksheet
can perail vapours to excape lrom the absorbeat core while
still preventing body Huils from passing through the back-
sheel. ‘Lhat 15 the backsheer is prelerably breathable,
[6312]  Accuding 1 the inveation, the composits or air-
laid as absomem core is posilioned between the backsheet
and the topsheel optionatly by attachment means.

[0313] Ihe inveatve profile of the absorbent article
coables the manufactuns of extrumely thin personal care
products that arc very comfartable in use

{0314] Furtber use of the Superabsorbent Particles with a
Shell

[0315] Superabsorbent particles with a shell of the inven-
tion arc very uscful as ahsorbents Jor water and aqueous
fluids, can be wsed with advanlage as an absorbent compa-
acol in hygiene adicles such as digpers, Lampaons or sanitary
napkins and also as waicr sctainers in agricultural market
gardening, as filtaation aids. The preseat invention further
provides for the use of the above meationud uperatsaorbeat
particles with ashell for ahsorbing aqueous Suids such as for
cxample

[0316] byweae arhicles,

[0317] storape, packaging, ranspodation (packaging
material tor water-seositive anticles, for example
flower transportation, shiock profection}

{0318)  fow! sector (transpartatiug of fish, fresh meat;
absoeption of water, blood i1, fresh tish/meat packs)

{0319] water (rcaiment, wasle  Gcatment,  waksr
removal

{0320} cleaning

[0321] agrculiural indusiry (ungation, retention of
meltwater and dew preciptales, compuostiog addi-
tive)

{0322}  Ihe superasorbent particles with a shell according
(o the invention arc suitable far the abave applications; they
may be used in comby »a with other superabsorbers, and
the advantages of the inveative hydrogels cao te comhived
with those of the ooaventional hydrogels through an appro-
priate spatial configurabon for example

{0323] Panticularly preterred applications for superabsor
hent particles with a shell, cspeaially for thoses besed on
fincs or on miatures with fincs, are:

{0324] medicine (wound plasicr, watcr-absorhent
material for burn dressings or for otber weeping
wounds, rapid deessings for injurics; rapid uplake of
body {luid exudates for later analytical and diagnos-
tic purpases), cosmetics, carder malerial for phar-

icals and medi rh ic plaster,
ultrasound pel, cooling gel, cosmetic thickener, sun-
sereen,

{0325} hickeners for oil/waier or water/oil emul-
SH00S;
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[0326] 1extile (gloves, sporiswear, moisture regula-
tion in lextiles, shoc joserts, synthotic fabrics),
hydraphilicization of hydrophobic surfaces; pore-
forming

[0327] chemical process indusiry applications (catu-
lyst for organic reactions, immobilization of large
functional moleculus (eazymes), heat storage media,
Gltration aids, bydrophilic component in polymer
faminales, dispersants, liguetiers)

[0328] buildiog construction (scaling matenals; sys-
tems or lifms that will sclf-scal in the presonce of
moisture;, finc-pore (ormers in- sintered building
malcrials or ccramics; sclf-scaling insulation for
wates pipes of for uaderground pipes and tubes;
scaling of building matcrials in the soil as a result of
the SAP swelling in the moist soil with time delay
and thus clfecting a closure or seal: finishing of
carpets and carpet flooriogs), installation, vibration-
inhibiting medium, assi: in relation to fi
in water-rich ground, assistants in relalion (o digging
and horing, in watcr-rich ground, cable sheathing

{0329] firc pratection (spraying of SAP gul in the case
of lires such as for example forest fires),

{0330) cocxtrusion agent in thermoplastic polymers;
production of films and thermoplastic moldings
capable of absorbing waler (for example agricultural
films capable of storing rain and dew water; SAP-
contaiaing filims for keeping fresh fruil and veg-
clables which can packed in moist lms 1o avoid
fouling and wilting); SAP cocxtrudates, for cxample
with polystyreoe

[0331] carricr substance in active-ingredicat formu-
tations (drugs, crop protection)

[0332] agricvitural industry: protection of forests
against fungal wod insuet infustatiog, delayed releasc
of active ingrudicots lo plants.

[0333] 4. Jest Procedurcs

[0334] 4.1 Rewet and Acyuisition Tine/laboratory Cote
Forming I'rocedure

[0335] Laboratory cores referred (o berein, were pre-
- - . P
pared using a conventional laboratoy procedure as
follows:

[0336] A laboratory core-forming unit is used com-
prising a twochamber vacuum system focming an
airlaid fluff puip-ahsorbent composite matrix 10 pro-
duce a 12 emx21 cm diaper core. The core-forming
unit comprises a roller hrush on a variable-speed
laboratory motor, a fiber distribution soreep in close
proximity 10 the brush, a forming screen on an
adjustabk damper, and a vacuum system capable of

pplying a and ¢ negalive pres-
sure hetween 8 and 15 inches of waler,

[0337] 'The core-forming unit is contained such that
the vacuum pulls the fibers and granular malerial
(rom 20 adjusiable introdudtion slide, through the
rolating brush and distsibution screen, directly onto
the forming screen. The vacuum cxbaust is recircu-
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tated through the inlet of the formation slide. therehy
contralling the temperature and humidity of the
operation.

[0338] When forming a core, the desired amount of
defiberized flulf pulp is evenly dishursed in smatl
pteces onto the brush coller in the upper chamber. (n
the fower chamber, a reclangular tissug, or lopsbeel
{21 cmx12 cm), is placed anto the forming scroen.
For most cores, the sliding upper chamber lid is
pantially closed to keave about a onc-half inch gap. In
the case of a homogencous pulp/SAP core, the SAP
is sprinkled thraugh the gap ioto the upper chamber
immediately afier the brush begins colating,. In order
10 achicve a homogencous distribution, a small
amount of SAP is added 1o the Qull prior to begin-
ning the motor. The amount of time used to introduce
the remainder of the SAP varies with the amount off
uff pulp utitized. Afier the fiber and absorbeat
polymer material are deposited, the motor is turned
off, and 1he damper unit containing the [aboratory
core is removed from the lower chamber. 'The
uncompressed core then is placed on a backshecl
made from a polymeric film, and put into 2 com-
pression unit. At this time, another rectangular tissue
an] 3 ponwoven cover-stock is plaved on top of the
cor. Absorbent cores are compressed for a given
amount of time. typically 5 minutes, with a hydraulic
press al pressores of between ahout 5460 psi and
about 1,000 psi, and typicatly about 7.000 psi, to
achieve the desired degsity, Afler the S minuies, the
lahoratory-prepaned  absothent cores are 4
from the press, weighed, and measured for thickness,

{0339] Laboratory cores and commercial diapers,
weee Wsted foe rowet ander a 0.7 psi load, liguid
acquisition lime, and fiquid acquisition tate. The
followiay describes v procedure to d ine the
acquisition and rewet under load of 2 hygienic
article, like a diaper. These tests exhibil the rate of
absarption and fluid retention of a 0.9%, by weight,
saline solution, by a hygienic aricle over 3 to §
xepurate fluid insults white voder a foad of 0.7 psi.

{0340} Apparatus:

{0341 100 ml scparatory funncl, configured to deliver a
flow ratc of 7 mifsec., or equivalent;

[0342]  3.042 kg circular weight (0.7 psi) 10 cm diameter,
with 2.38 em 1} perspex dose tube through the center of
weight; VWR Scientific, 9 em filter paper or equivalent; 2.
kg circular weight (0.7 psi)-—S em diameter: Digital Gmer,
Elecironic halance (accuracy of a 0.01 gram); Stopwatch.

[0343]  Proccdure:

[0344] t Preparaiion

[0345] (a) Recurd the weight () of the bypienic
article, ¢.g., diaper, to be tested;

[0346]  (b) Place bygicoic article flat on the bench top,
for cxample, by removing any clastics and/or 1aping
the ends of the antick: 1o the bench top:

[0347] (¢} Place the 3.64 kg circular weight onto the
hygenic article with the opening of the perspex dose
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tube positioncd 2! the insult point €ic., 5 cm toward
the front from the center)

[0348] 2. Primary Josult and Rewet fest

[0349] (a) Mcasurc 40 ml of 0.9% NaCl solution (i.c.,
0.9% by weight sedium chloride in deionized or
distilled waler) inlo scparatory funocl. Dispease 1be
NaCi solution into the purspex tube of the weight at
a flow rate of 7 al/sec and start (be timer immedi-
ately. Slop the timer when all of the NaCl solution
has completely disappeared from the surface of the
bygienic asticle at the basc of the perspex tube.
Record this time as the primary acquisition time
(sec).

[0358] (b) After 10 minutes have clapsed. remove the
weight and conduct the rewel (est procudure:
{0351] (i) Weigh a stack of 10 filter papers. reoord

this value (dry weight).

[0352] (i) Placc the filter papers over the insult
point on the hygienic article. Sel the timer for 2
minules. Place the 2.5 kg weight onto the filier
papers and start timer immediately.

[0353] (iii) After 2 minutes have clapsed, remove
the weight and reweigh the filter papers (wet
weight). Subtract the dry weight of the fiher
papers (rom the wet weight, this is the rewet value.
Record this value as the primary rowel value (g).

(0354} 3. Sccondary [nsult and Rewet Test

{0355] (a) Placc the 3.64 kg weight hack onta the
hygienic article in the same position as before.
Repeat step 2a using 40 ml NaCl solution (recoding
the absorption time as the sccondary acqaisition
time) and steps 2b (i){ilf) using 20 lilier paper
(recording the rewet values as the secondary rewet)

[0356] 4. Turtiary, and Additional, Insult and Rewet
“Tests
[0357] (a) Placs the load back onto the diaper in the
same positivn as before. Repeat step 2a using 40 ml
of NaCl solulion {recording, the absorption time s
the tertiary acquisition time) and steps 2b (i)(ini}
using 30 ifler paper (recording the rewet value as tbe
tertiary or suhsequent rewct),

{03s8] 4.2 Centrifupe Retention Capacity CRC

[0389] ‘This method dewermines the froe swelling
capacily of the bydrogel-forming polymer. Using
this mathod, (.200020.0050 g of dry hydrogel-form-
ing polymer of size fraction 106-85(grm ar: inserted
in a tcabag. The teabag s placed in saline solution
(0.9 w % sodium chloride) for 30 minntes (at least
0.83 1 salise solutiva/1 g polymer). Aflerwards the
tcabag is wentrifuged for 3 minutes at 250 G. The
absorhed quantity of saline sotution is determined by
measunng the weight of the teabag,
[0360] 4.3 Absorbency Under Load AUL
{0361] The measurement of AUL is camied oul ia a
cylindrical el from lucite (Plexiglas) with an inoer
diameter of 60 mm and a height of 50 mm. At lhe
bottom of the ccll a sicve of stanluss steel with

T
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meshes of 36 pm s tixed. The measuring cell con-
sists further of a plate of lucite with » diameter 59
mm and a weight, which can be placud into 1he cell
together with the plate. The wewght of plate and
weight toguther is 1345 g for AUL 0.7 psic For
determination of e.g. AUT 0.7 psi the weight of the
cmply cell and the plate s ooted as value W, Alftcr
this, 0.900=0.005 g hydrogul-forming  polymer
(sieve fraction (50-800 gm) is placed 1 the cyhn-
drical ¢ell and homogenuously distributal oato the
sieve of (he cell. Then the plate is placed i the cell
above \be polymer particlos and 1he weight of the
wholc measuring unit is determined as Wa, Now the
desired weight is placed onto the plaie within the
measvring systom. A filter of ceramic with diameter
120 mm and a porosity of 0 is placed in the middle
of a Petri-disc of diameter 200 mm and 2 beigbt of
20 mm. Now an aqucous solution of 0.9 w % sodium
chloride is poured into the Petri-disc in that way, that
the sudace of the solution is resed towands the
surface of the filter plac, hut withom wetiing it.
Afterwards a filter paper of diameter X0 mm and
pores <20 pum (trade name S&S 589 Schwarzhaod of
Schicicher & Schiill) is placed onto the ceramic
platc. The hydmgel-forming polymer contaiaing cyl-
indur is placed together with Jucite-plate and weight
onto the filter paper and lelt there for 61 mioutes.
Alicr this time the complete moasuring uoit is
cemoved from the Petri-disc and afterwards the
weight is removed. The weight of the cylindrical cell
with the swolleo hydroge! penicles and the lucite
plale is measured and the weight potud as W,

[0362} The AUIL iy calculated as follows:

At 0.6 psi {glpH W, W W, W]
[0363] 4.4 Pressure Absorboncy bxdex PAL

[0364] The methoxd for the deternination of the PAI
(Pressure Ahsorhency Index) is exactly weitten in
U8 Pat. No. 5,001,542

[0365) 4.5 Saline Flow Conductivity SKC

(0366] "The method for the determination of the SFC
is vxactly writlen in U.S. Pat No. 5,599335.

10367] 4.6 Gel Bulk Density

[0368] The muthod for the defermination of the GBI
is cxactly wrillen in U.S. Pal. No. 5,834,575

[0369] 4.7 Gel Bed Permeabilily

[0376] the method for the delermination of the GBP
is exaclly wrillen in WO 00/62825.
[0371] 4.5 Dry/Wet-integrity
[0372] ‘Mhis test g dure outlines an app d
method 1o quantitatively detormin the absord
core inteprity of hygicnic products.
[0373] Apparatus
[0374] Jexture Analyser TA-XT2 (purchased from Tex-
hoalogics Corp.); 5 i disk attach for
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(0375} Materials

[0376] 0.9% NaCt solution, with dye (1 g dye pee 1 liter
of solution) Procedure

[0377]) 1.0Scuing up and Running the Teatere Analysct
Program:

[0378] a) Doubleclick the Texture Lxpon Cixoued
program icon.

[0379] b) In User Sclection window, sclat OK

{0380] c) Project Wizard will appear on sreen
Scleet QUIT PROJECT WIZARD

[0383] d) Go to TA. at the top of screen and select
LA SETTINGS.
[0382] <) Test Mode and option:
[0383] Measure Force in Compression
[0384] Return to Start
{0385} f) Parameters:
[0386) Pretest Spoed: 1 mm/fs
{0387] ‘Test Speed: 0.2 mmys
[0388] Post Test Spucd: (0.0 mm/s
[0389] Distance: 35 mm
[0390] T.oad Cell: 5-0.1
{0391) ) trigger:
(0392] ‘Type. Auto
[0393] Foree: S prams
[6394] Stop Plot at: Tnigger Return
{0395] h) Units:
[0396] Forcu: Grams
[0397] Distance: mm
[0398] i) Break:
[0399]  Deteer: Off

[0400] j) The test settings arc now sel and you ar
ready {0 run a lest

[0401] k) Select UPDATE

[0402] 2.0 Sample Preparation:

[0403] a) Woigh hygicnic article and tape fat onto lab
beach (poly side down).

{0404] b) Measure and determine the center of the
product (x-direction) and draw a linv across the
product (y-direction).

{0405} ) Draw another line 10 cm toward the front of
praduct,

{0406} d) I cunning 2 wet strength test, insult priduct
with 50 ml of 0.9 NaCl solution at the insult 7one
(5 cm from the product cenler fine loward the (ront

of the product). If cunning a dry strength twst, skip
this step.

US 2005/0013992 A1

{0408] 1) Carcfully remove the coversheet, tissuc
layers, and poly film backshcat (use a mctal spatula
if ncocssary). Try not to disturh the absorbent core.

[0409] ) Weigh and record the weight of the 10x(0
section (flufl and SAP only).

[0410] b) Carefully transfer the core section into the
“torlilla testor”™ in a star-dike fashion (sce diagram 1
on page 5).

{0411] i) Clamp the corc sample in berween the 2
metal plates of the “tortilla tester™ by tightening the
four brass puts.

[0412] For a wet strength test. tighten auts cvenly until the
core sample begins (o menisce in a convex manner. Tight-
coing any further will hreak the core apart. For a dry strength
tesl, tighten the nuts evenly untl no further tightening is
possible without extreme effon.

[0413] 3.0 Running a Test:

[0414] a) Inscrt disk into drive Jabelled “Texture
Analysis: Settings, Macros”

(0415} b) Sclet FHE, sclet NEW, and scloct
GRAPI WINDOW.

[0416] ¢) Selkect TA. and CALIBRATE FORCE
using 2 kg weight,

{0417] d) Sclect TA. and RUN A TEST.

{0418])  Archive as: put an “x™ in the AUTO SAVE
box (save as whatever you like)

(04191 Post<test: put an “x” in the MACRO box to
run macros avtomatically

[0420] <) lo the RUN A TEST window, make surc
that the PPS (points per sccond) is at 100.00.

[0421} 1) Place the test unit oato the testing platform
within the rectangular arca outlined in black marker.

[0422] y) Seloct RUN.

[0423] 4.0 Ruaning the Next Test:

[0424] a) Remove tested sample, cluan test probe,
and place next sample inlo testing unit (“tortilla
tester”).

[0425] b) Sclect a NEW FILE and Sclect GRAPIF
WINDOW.

{0426] <} Check T.A. Scuings and Calibrate Force
afier cvery § tosts,

10427] 5.0 Notes:

{0428] )2 types of 1ests can be rua in this procedure:
wet strength and dry strength of absorbent cores. The
ooly diffcrence io procedure i (bat the wel strength
test requires 50 ml of 0.9% NaCl solution and a more

cautious method of clamping the 10x10 cm core
section within the “tortilla tester”.

[0429] b) Be very carctul when remaving the cover-
shoet, tssue Jayers, and poly fitm backsheel. 1ry to
leave as much of the absorbent core infact as pos-
sible. Do not be convemed with core malerial that is
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{0430] <) Immudiatcly after suparating the 10x10 cm
absorbent core seetion from the diaper and weighing
i, tcst the section,
{04311 d) Texture Expert Exceed is a complicated
program and requites some time and paticnce.
[0432] 4.9 Perfonmance Parameter PP
[0433] The Performance Parameler PP s defined as
Rewet-NumberxAcquisition “Time; the Rewet-Number
is deflined avcording t (he 4% Rewel -value as fol-
lows.

Rewet 1) 01-0.9%9 g Rewet Numbes = 1
Rewet 1LtK1-1.99 Rewet-Number = 2
Rowet 200-2.M ¢ Rewct-Namber - 2
Rewel 300-199 g Rewet-Nambcr « 4
Rewet 400-4.% g Rewet-Number = 5
Rewer S0i-Sorr g Rewx t-Numher - 6
Rowet 6.00-7.99 3 Rewe-Number = 7
Rewel KIN 9.9 ¢ Rewet-Numbsr = o
Rewet >4 % g Rewct-Number = 4

10434] The Acguisition time is the corresponding value
o the 4th Acguisition time.

{0435] 4.9 Vortex Time

[0436] 50 ml of 9 wi.-% satine solutivp is placed into
a 100 ml heaker. Fhe satine solution is stirred at 600
pm using a magnetic siirrer (magnehe stirring bar 30
mmx8 am). The bottom ol the vortex should bu near
the top of the stic bar. Then 20001 pof SAP is quickly
added info the soluion but pot into the ceoter af 1he
vortex 1o avoid lumping, and th stop watch is started.
Whea the surface of (he solution becomes Rat, the time
is stopped and reoorded. Tota) time @ secoads required
for the vartex w closy is the vorlex time, Hach SA)
sample has 1o be run in tniphicaie, the average of the
valucs is reponul as voriex time

0437] 5. Moistere Content - Weight Loss Upon Heat-
ng

[0438]  Procedure

[6439]  Place a dish and cover into the oven Tor 3 hat
{1052£2)° € During this peried. the cover shall be
removed [rom the dish. Al the end, the cover shall be
replaced on the dish and the covered dish transferred
to the dussicator 1ot cool for 30 min to room
tcmperature

[0440] Weigh the dish wath cover to the nearest 0.001
g and record the exad weight as m, g

[0441] Remove the cover and, with the help of a
“V7-shaped spatula, add approximately 4.0 g of a
well-mixed representative test portion that shall be
frce from lumps.

[0442]  Replace the cover and weigh immediately to
the ncarest (1001 g, Record the vxact weight asm, g

(0443}  Dixtributc the 11 portion in a uniform par-
hiculale laver over the bottom of the dish, e.g. with

texture analyser; ‘lortilla testing apparatus; Electronic bal- [0407] €) Cut out a 10 omx10 em section ol 1he

ance, accuracy of ¢.01 gram absorbent core bordered by (b 2 lincs drawn. beld back by adhesive. the: biclp of a spatuls aod peatle tapping.

=
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[0444] Place the opea dish, and its corresponding,
cover, together in the oven ai (10522)° C. for 3 h

(0445} Alter this period, immedialely cover (he dish.
place it in the desiccator and allow to cool for 30
min.

[0446] When the dish has cooled to room tempera-
ture, remove it from the desiceator and weigh imme-
diately 1o the nearest 0.001 g Rucond the exact
weight as m, g,

{0447] Carry oul at least wo (2) determinations on
the same woll-mixed laboralory sample, simulta-
ncously or suceessively, by the same analyst.

[0448]  Calculation and results
[0449] Calculate the moisture content MC by:

m2—md

M&.:lmxmz_ml

[0450) When:

[0451] MC=moisture content. in % of the slarting
weight

{0452] m =mass in g, of the dried empty dish and hd

[0453] m,=mass, in g, of the dish with test portivn
and fid, before drying;

[0454] my=mass, in g, of the dish wilh test portion
and lid, after drying.

EXAMPLLES

{0485:  Preparation of basc palymer, Comparative Samples
and cozling procedures:

Example 1

|0456] To Y gramsof acrylic acid (from BASIE Corp.) add
221 grams ol deiomzed water and 0.077 geams of melthyl-
sochisacrylamide (from Aldrich) and stir. Add 74.94 grams
of 50% NaOH slowly to the solution while keeping the
temperature undler 20° C. After addition of NaOL! cool Lhe
solution o about 10° C. and add 0.0561 grams of 2-hydroxy-
2-methyl-1-phenyl-propane (Darocur 1173 from Ciba) and
E.823 grams of sodium porsullate (from Aldrich) with siir-
ring. Pour the solution into a 4"xK" glass dish and polymes-
ize for 125 mwuvtes uoder UV light (UV intensity=20
mW/em?). Extruds the gel through a Kitchea Aid mea
gnoder and dry it at 145° C. for one hour and then mill and
size il w 150-710 pam.

Comparative Example 1

(0457} Took the polymer, which was prepared oo example
1 and surface coated with a mixture, which coatains 0.1500
gnms denacol, 3.6950 grams of PG and 6.1250 grams of
water. Weigh out H) grams of basc polymer and put it in a
disposable beaker and add 0.4 of solution (dropwisc) into the
SAP while stiring it. Make sure the coating is uniformed.
Transfer the coated SAP into a 50 m] beaker and pack 1t
lightly. Cure the sample at 150° C. for ooc bour and thea size
it 10 180-710 gm.
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Examplc 2

[0458] T 292 grams of acrylic acid (feom BASF Corp.)
add 783 grams of deionized water and 0.500 grams of
methyleachsacrylamide (from Aldrich) and stir, Cool the
=olution to abowt 10° C. and add 0.200 grams of 2-hydroxy-
2-methyl-1-phenyl-propane (Parocur 1173 from Ciba) and
2§ grams of sadivm persullate (rom Aldrich) and 2.8 grams
of sudium metabisuffite and stir. Pure the solution into a
4"x8" plass dish and polymerize for 12.5 minutes under UV
hght (UV inteasity=20 mW/em?). Extrude the gel through a
Kitchen Atd meal gnnder and then add 159.15 grams of
Na CO; o the yel and extrude if again. Dry the gel 2t 150°
€. for one hour and mill and size it o 180-710 M.

Comparative Example 2

{0459] ook the polymer, which was prepared on exampke
2 and surface coated with 8 mixture, which contains 0.1500
grams denacol, 36930 grams of PG and 6.1250 grams of
water. Worgh out 10 grams of base polymer and put it in a
disposable beaker and add 0.4 of solution (dropwisc] into the
SAI* while slirniog, it. Make sure the coating is vniformed.
Iransfer the coatcd SAP into a 50 ml heaker and pack it
hghtly. Cure the sample at E50° €. for one hour and then size
it 10 (RO-7 14 gy,

Example 3

0460} To 297 grams of acrylic acid (from BASFK Carp.)
add 783 grams of deionized water and 0528 grams of
methylencbisacrylamide (fom Aldrich) with tirring. Cool
the solubvo e ahoot 10° C. and add 0200 grams of
Ybydrky 2ancthyl-1-phonyl-propane (Darocur 173 from
Ciba) and § 99 prams of sodium persulfate (from Aldrich)
wilh stirnng. Pure the solution into 2 4"x8" glass dish and
palymenz far 12.5 minutes onder UV light (UV inteosi
20 oW,em ). Extrude the gel and woigh out 363,65 grams
of gl and then add 5 16 grams of Na,CO;4 10 the gel and
then extrudv again, To this, add 2.5 grams of ethylenc glycol
diglycidyl elber (depacol EX-810) and ther extrude again
Dry th wel at 150° C. for one hour and mill and size it to
1RO-T10 gem

lys

Comparative Example 3
[046t]  Took the polymer, which was prepared on example
A and surface coated with 2 mixture, which contains 0.1500
grams denacol. 3.6950 grams of PG and 6.1250 grams of
deionized water. Weigh out {0 grams of basc polymer and
put u in a disposshlke beaker and add 0.4 of solution
(dropwisc) into the SAP while stisting it
f0462] Make sure the coaling is uniformed. Transfer the
coated SAP into a SO mi heaker and pack it lightly. Cure the
sampk 31 150° €. for one hour and then size it to 180-710
pm.

Example 4

{0463] To 700 grams of acrylic acid (from BASF Com.)
add 0.200 grams of Trimetbylolpropanetriacrylate (IMPTA)
and 66038 grams of deionized walter while stiring. Add
5977 grams of NaCO4 10 the solution while keeping the
mixiure lemperature around SU° C. leat the mixture if
nceussary. Raise the lemperature 1o 57° C. Take 220 grams
of ths mixture and place it in 2 400-ml beaker. Add 1.4%
grams of 15% aqueous 2.2 Azobis (2-methylpropionamide)

US 2005/0013992 Al

dihydrochlonde (V=50 from Wako Chemical), 1.45 grams of
10% aqueoys sodium pussultale and 12.0 grams of fines
(SAP product with panicic size <106 gm. Pour the mixture
inlo a belt tray and akd two drops of 33% aqueous sodivm
persullate and couple drops of 33% aguuous sodivm met-
abisulfite. Dry the stah aver-mght at 60° C and mill and size
0 180-710 um.

Comparative Example 4

[0464] Tk the palymer, which was prepared on example
4 andl surface coatad with @ mixture, which cootains 01.1500
grams denacol, 36950 grams of PG and 6.1250 grams of
water. Weigh out 10 yrams of base polymer and put 4 in a
disposable beaker and add 0.4 of salution ¢dropwise) into the
SAP while stirring it. Maku sure the cealng is uniformed.
‘Iransfer the coated SAP 1nto a 50 ml buaker and pack it
fightly. Cure the sample at 150° € for one bour and then size
it to 180-710 gm.

lixample §

[0465] Usc a 1 liter glass reactor flask. Cool the acrylic
acid 926% wolid) and P-30 (0.50.8% hoaa) to 10° C_and
add 10 the reaction fiask. Cool the deionized water to 10° C.
and add fo the roaction Nask. Purge this mixture with
nitrogen (o displace the oxypen (o 2 level of § ppm or less.
This usually requires a flow of 1) scfm of vitrogen for 20
mins. Continue bubbliog anrogen and add the iron (0.2 ppm
huaa) and wait 2 minutes. Then add the asorbic acid
{0.011% boaa) and wait lor 2 mnutes while still bubbling
the nitrogen wio the reactiva Bask Then add the hydrogen
peroxide (0.011% noaz) while <iill bubbling the nitrogen
inta the reaction llask. Aller several minutes the reaction will
nitiate and polymer will tegin 1o form. Al this point
discontinge bubbling mitrogen inus the flask. After 12 hours
the reaction is completed and the polymer can be removed
from the reaction Hask. Take the reacted gel and pass it
through a laboratory meat gnnder with an extruder plate to
break the stff pol down wto smallur partickes for further
freatmnent. Then add the sodiom silicatc and pass thru the
meat grinder 2 more imes Then add the sodium hydroxide
and pass it through the meat grinder 2 more times, inally,
add (he sodium bisullite to the gef and pass it through the
meal grnder 2 wore nes. The pel s now ready for drying
on a stcam heated drum dryer. Afier drying, mill the dried
polymer 1o reduce the particle size 1o 850 microns/106
microns,

[0466] Calculatioas for the various p s in the

Jan. 20, 2005

[0472] (3) Wetling Agent (w.a.):
[0473]  (ftotal amouni of c.a. a0d w.a. is 2% (based on
dry SAP) thea the amount of w.a. will be:
[6474] Grams wetting apcots({ Futal c.a. and w. a.)}~
{c.a)

[0475] Coating of the Superabsorbent Base Polymer
[0476] Wuigh superabsorhent base polymer and place it
into mini food processor (Cuisinart mini prep madel #:
DLC-1TX). Add requined amount of propylene glyeol fo
denacol aad stir it (30 pm) {or ooe minute (Add denacol
(0 the solution right before coating). Add the coating solu-
tioa (dropwise) ioto the SAP while stiering it in a slow speed
for 4-5 minutes. Coat the particle uniformly. Onc aceds to
work fast because polyamine will gel in the presence of
x-linker. To avoid gelling, voe could spray denacol and
propyl glycol simul ly inlo the SAP particles.
Spread the woated polymer on a cookie sheet. Do not over
load. Core it at 120° €. for ane hour. Mill and size it
{180-710 gmm).
{0477] Composites from Polyamine Coated) Superabsor-
bent Polymier Particles

{0478] "The procudurcs of forming compasites are exactly
written below in “Procedure of forming compoesites contain-
ing polyamine coated hydrogel-forming polymer”

[0479]  Air-l.aids from Polyamine Coated Superabsorbent
Polymer Particles

[0480) The procedures of formiog air-laids are exacily
writlea bolow in “Procedure of furming air-lzids contaioing
pelyamine coated hydrogel-forming polymer

[0481] Productine of Shecl Matenal for Air-laid lesting
[0482]  Airlaid sheet matenals wore made ou a commercial
pilot line. General considerations on making airlaid product
10 thes fine with SAP is that it is difficull to make the product
(especially at dow hasis weight, c.g . 200 psm (grams per mF)
which confain in excess of 5% SAP, unless ihere is an
increast in bicomponeat lber (from 5% to 10% by weight
or more, bascd an the dry waight of the sheet material). Bven
with increasing hicomponunt fiber, the upper limit is about
HU% SAP as the mat dues not have coough integrily 10 be
handled and provossed. Even in these cases. the teadeney of
the granular SAP  he lost (rom the web is substantial,
[0483] A product was made from 20% 10 80% SAP
content, with 5% bicomponent fiber, and also at 50% and
80% with no bicomponent fiber. It is ool feasible (o make
such a structuns with oo bicompaonent fiber, wtilizing con-

coaling solution
[6467] (1) Polyamim:

[0468] Amount af polysmiac added is a porceatage
based oo dry weight of superabsorbent polymer.
[0469] Lxample' 1 w1 4% polyamine Tor SO grams of

superabsorbent polymer: 05 prams dry weight

polyamine 10 aguvous solution (percent solids of
polyamine range from 8- ¥3%)

[0470) (2) Crosshaking Agunt (c.a).

[0471]  Grams of qosslinker=((g polyamine) (% sol-
ids) (mole % of c.a.X224))43

| SAP and no other adhesive or bonding additive.

[0484]  Speeifics of articles made and the basic steps that
were followad are outlined as follows.

[0485]  Airlaid Production at Pijot Line

[@486] Polyamine coated superabzorbent partickes were
used to make thio, highly deasificd airlaid noowoven fabrics
in roll form. Controls of conventiona) polyacrylate salt
(sodium polyacrylate) SAP fabnos were also made when
possibk:.

[0487] The process of forming these aidaid products
involved the following stops:

[0488] A standard tissue sheet, of approximately 18-g/m*
basts weight (1BW) and appropriate porusity, was utiized as

X1t
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a carner sheet for the subscquent mat 10 be supported on the
forming wists. This carrice shect was conveyed by the
forming screen uader seveeal forming heads to which Autf
pulp libers, optionally bicomponent fibers, and the absorbent
waier-alxorbent resin were aonveyed by air,

chanically and g ically dispersed, and deposited
upoun the moving carricr sheel by a vacuum pulled rom
below the forming screen. The cellulosic Duff pulp fibers
were generaled from a Null pulp roll that was metered to a
hammermill that broke the pulp down inte the compancat
lihers and dispersed them inte the conveying air. ‘e bicom-
poneat fibers. when nsed, were separated from bales, and
metered into the conveying air by appropriate cquipment.
‘The granular polyamme voated superabsorbent particles
were metered ato the conveying air by a loss in eight feeder,

{0489] The mals were compacted by nip rollers utilizing
high pressure, ¢.g., 5.000- 1,000 psi, and at slightly elevated
emperature, approximately 40-60° C.. then conveyed
through a thru-air oven, operating at about 135° C. The
heated web was then conveyed through a calender roll, alse
under high pressure and slightly clevated teroperature. The
mat was then optically wound or slit o aiain an absorbent
fabric of desired Teagth and width.

{0490] During the process of muaking the airdaid absorbent
fabrics, it was dcmonstrated that ntilizing this type absorbeat
materia) allowed a bigher concentration of SAP particles to
he incorporatud in a kower portion of cellulosic luff pulp
fihers, from 60% to 10095, and it was also possible to do this
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larger amount o) sudium formate. The existing sodium
formate in the polyvinylamioc-solntion has been used as
crosstinkee. The curing wempeeatsre was 125° . 'To ger a
manageable rewet value, the percentage of PVAm should not
cxeoed 2%. The hydrogl-furming polymer particles arc
coated with about 0.4% to atxul 4% by weight, of the
polyamioe Prefuered ranpes arc 0.25% to 2%.

[0496] Samplc 1:

{0497] PVAm Solution with Lxui-Molar Amount of For-
malc and Aclive Aming;

[0498] Coating of the Superahsorhent Base Polymer With
PVAM:

[0499]  Weigh 50 grams of supcrabsorbent base polymer
{from examplc 5) and place  inlo mini food processor
{Cuisinart mini prep model # DILC-TTX). Add required
amount of 40K pafyvinytamine (I'VAm), which has &.1%
solid (from BASKEY, to your propylence glycol (PG) and stir
it (500 pm) for couple minutes (see ‘lahle 1). Add the
coaling solution {dropwisc} inta the SAP while stirring it in
a slow speed for 4-5 minutes. Coat the particle vaiformly.
Sproad the coated polymcr on a cookic sheat, Do not over
load. Curc i1 al 120° C. lor one hour. Mill aed size it
(180710 m).

without an increase in bicomponeal (thermal-b
fibers, and in fact was possible without the use of any
bicompognent iber al all

[0491]  The resiltiog mmwoven Gabrics were highly flex-
ible, with a mi ol G had
(v handiy through the process, and displayed very little SAP
shakeout.

[0492] 1 has been found thal beatng a resia for a
time at a sufficient temperature above the Tg (glass transition
emperature) of the resin improves the absorplion properties
of the resin, In accordagey with une inportant embodiment
of the present invention, it has been found that when a layer
of the polyamine coated seperabsorbent particles is beated (o
at lvast ahout SO° C. during sheet raaterial manufacture (e.8.,
hy a heated pressure roll or even), ool only are the absorp-
fion propentics improved, but (he paricles arc strongly
adhered to themselves aad 1o any fiber or filker (c.g., clay)
contained in the sheet malerial so that ther s little o po foss
of superabsorhent particles during manufacture and han-
dling. Thus, a sheet material having (%-40% by weight
non-SAP liber, and without addd adhesive, has ocw and
uncxpected structural inegrity, tor the above-described
uses, particularly diaper cores

[0493] Resuits

{0494]  Polyaminc-coakd absorhear material having high
values of CRC and composites/air laids made thercol.

{0495] By gel cuaung base polymers with polyvinyfamine
or palyethylenciming it is possibl to control the properties
of the SAP. 'The acqusition time and rewet values could be
adjusted by percentage of amine and coating solution. The
fallowing cxamples based on Base Polymer (Example 1),
which has been coated with different amounts of palyviny-
laminc PVAm. fhe PVAm solution which was used has

TABLL Y
PVAm Sc.ation (gr) PG (gr)
Jabl
Sample 1A 154 140G
Sarple 1B ik 10
sSample 3¢ 1o 100
Sample 10O man FELH
icient strength Acquisition Time Usder
Prod. Rowel Ut N Dom (2 Lomd {9
[0} W 1 2 3 4 1 2 K 4
o
Sample  1SF 01 )l 07 174 128 P42 Y 3539
1A

Sample 159 012 o0m 98A Tkl 955 peRS 2122 2752
f\'«‘limpl( 1592 4S dIb a3s Ted Qos laia 1623 1987
;:mpk 1582 01 06 w7 uk) T 9y 1ts
égm- 1590 LS G L2123 LA U828 3634 4787

para

tive Iix.

ample 1
[0} AULL ¢ psid CRC
Sumplc 1A 1t 2094
Sample 168 235 2003
Sumple 10 546 2503
Sumple 11 1512 2384

[0500] Dekerminatioa of rewet and acyuisition ime con-
firm (he best purformance fornd abave. Tf the amount of
polyvinylamice is too low, only smail changes in acquisition
time are found compared 1o uncoated samples. 1F the amount
of polyvinylamine is 100 high, the rewat ms to worse 20d
the values for rewet will nise.

{0501]  Funther tests show, that the polyanting-coating per-
forms the best with base polymer having 2 residual water
conlenl of kess than 10 w % Funbur comparatalive cxamples
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are coatod base polymers, which coating has not been
crosslinked, that is, the polyamine ix added  without
crasslinker, and. coated basc polymers, which show covaleat
bondings between core and shell because of crosslioking at
semperatuses of more than 150° C. (See Samples 3 and 4).

[0502]  Sample 2:
[0503)  PVAm Solution with Reduced Sodium Formate:

[0504]  Weigh 50 grams of superabsorbent base polymer
(fram Sample 2) and place it into mini food processor
{Cuisinant muni prep model # DIC-1TX). Add required
amount of PG to the required amount of 40K polyvioy-
Tamine (PVAm), which has 8.3% solid content (from BASF)
and stir it (see Table 2). Add the cxact amount of denacol to
the ahove solution right before coating. Add the coating
solution (dropwisc) into the SAP while stirring it in a slow
spoed for 4-5 miautes. Coat the particls vaiformly. Spread
the coted polymer oo a cookic sheel. Do not over load. Cure
it at 120° C. for anc hour. Mill and size it (180-710 zam).

TABLE 2
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~ontipued
Acquisition Time {inder
Prod. _Rewet Undor No 10ad (g) ol
o WL 1 1 3 4 1 2 2 4

Sample 1580 013 @17 G637 238 1:23 2252 302 277
1A,

[

"

retained

valer)

Sample 1582 W14 021 039 259 152 2R 04 14S
28,

PVAmM Solution (gr.) PG (gry Doracot {gr}

Sample 2A 136 Q.9%0 0520
Sample 28 222 229 0961
Sample 3¢ 408 a.08y G941
Sample 2D 543 0.078 0922
Sample 212 1087 0.158 0844
mple 2 87 X LA
Sample 2G 16 30 0234 0765
Sample 201 2174 0.313 0.637
Acquissiion Time Under
Prod. _Rewet Under No Load () Load (s)
n Wi T 2 3 4 1 ? 3 4

Namipke 1500 DS 0 024 23 1182 1494 357D A6KS
i

Symple (592 005 001 033 304 106.5 1438 1623 1987

Com 1586 D15 €09 021 L% 1131 Ip1S K4 AN
o
tive fia
ample
W AUL (0.3 pai) CRC
Nampi 2 152 n2
Sampe 20 16.4n 813

[0505] Samplc 3:
[0506] Moisture Reintroduction into the SAP:

[4507] Dricd (see Moisture Content-Weight [oss Upon
Heating) the base polymer which was made according 1o
examphe { and introduced 12 and 17% of walcr to make
polymee with 15 and 20% moisturc contents (afier dryiag.
the husc polymer bad aboul 3% relained water). These
polymees were coated as in Sample 1€ using 12.35 grams of
PYAm olution and 1.00 gram of PG.

Dried SAP (g1} 6420 (gr)
Samphe A (15% Wates) S0 600
Swephe 1B (20% Wates) S0 8.5t

(20

w B

netained

water)

Com- 1595 0.5 009 021 228 131 2675 3654 4TRT

para

tive Px-

ample 1
m AUL 03 prip  CRC
Sample 3A, (15 w % retained water) 106 88
Sample 38, (20 w % retained waler) 1.3 5

[0S08] Samplc 4:

[0509] The basc polymer from Example | (50 grams} was
coaled as in Sample 2E using 10.87 prams of 8.3% PVAm,
0.158 grams PG and (0.844 prams EDDGE. ‘The cure lem-
perature was 150° (. instead of 120° C.

Acquisition Time Undk -
Prod. _Rewet Under No Load (g) Losd {9

([} W 1 2 2 4 1 2 1 4

Sample 1590 013 005 019 248 48 K3 4238 Ab0
A,

crom

linking

at

B¢

Com- 1590 O15 007 021 24 (3] 626 a4 4157
rora

tive Jix

ample: 1

[ AUL@3pei;  CRC

Sample 44, crossliokiog at 150" C. 1832 8

{0510} Base Polymer Containing Silicate as Crosslinker

[0511] A 101 capacity polycthylene vessel, well
by foamed polymoe material, is charged with 3400 g of
demincralized water and 1400 g of acrylic acid. 6.3 g of
peatacrythritol triallyl cther are then added as copolymer-
ization crosslinker. Al a lemperature of 4° C., 1he initiators,
consisting of 2.2 g of 2,2-azobisamidisopropanc dibydro-
chloride, dissolved in 25 g of d lized water, 4 g of
putassivm peroxodisulfate, dissolved in 150 g ol deminer-
alized water, and 0.4 g of ascothic ack, dissolved in 25 g of
demineralized water, are added in succession stirred in. The
reaction sofution is then left to stand without stirriag, and the
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temperature of the polymerization riscs to about 94° C. A
solid gel is obtaiocd. and this gel is subscquenily mechani-
cally comminuted. A mixture of 652.4 ¢ of sodivm silicale
solution containing 20.8 wi.-% Si0), and 1.5 wi.-% Na,0
and 973.0 g ol an agueous SO wi.-% sofution of NaOll is
added o the gl and mixed in by putting the gel two times
through a kitchen meat chopper.

[0512] “Ihe gel is then dricd, gronad and classified to a
particle size: disteibution of 100-850 gm.

[0513] 1 kg of 1he base polymer is sprayed in a plowshare
mixer with the following solutions (simultancously, but via
two nozzles):
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~contioued
Rewel 1nder Acyditstun T-me
No load fg; . Under Tusd (5] .
Sample 1 2 3 4 2 x4
s 003 006 A7 8y 1098 U7 Y 134
o 005 (IS DJY 267 1479 1522 1620 1654

[0516] Composites or Air-Laids Containing Polyamine
Caaled Supee-Absorbent Polymer with 1ligh CRC

[0517] Compesites o air-laids  conlainiog  polyaming
coated super-ahsorbent polymer with high CRC show an
excollent acquisition behaviovr as well ax high absorptive

Example Nezle 1 Nogk 2

itics and low rewets at the same time. Polyamine

b g ol puiy vinyl UY g of ethylene plyxol bisglycidyl etber
sowie solufioa® 15 g of prepviene glykal
1 5 ot demincealuzed water

2 12Sgefply 0§ g of chyiens glykol bisglycidyl ethor
iyl smi 15 g of prepykenc glykol
wilation® 15 g of demineralized water

Vo SLgofpy ol ebylene ghyio! bisglycidyl stber
vinyl aonioe 18 g of propylene glykol
lition® 1 g of Jeminceslized waler

1 xgdpuy 15y of ethylone glykol bisglycidyl cther
chyene imine 14 g of propvlene glykol
soluting™” 1 g of demineralized water

5 1.3 g ot cthylene glykol bisglycidyl cther

1% g of propylene glykol
1% g of deainersined water
6 12Sgalpdy  L9S gof cthylenc glykol hisglycidyl ether
eibywcoe imine 14 g of propylune glykol
sulution” ™ 14 g of deminer:lized water

i solution: 5% strength by weight s s so.tion of
ol viny. acne (K viluo of 4

*spoly cibylec mise solon: Pe.yi.a G 1) {trade product irom BASE
AC, S7% strength by werghl aqueous sohution of pely ethylene mine)

{0514]  The mixtures are thun heated in a labocatory drying
oven al K C. for 60 minutes. The products deseribed herin
have the tollowing propertics:

AUL  AUL  AUL  AUL
sample  (RC 0Ll 02 ps 0.57psl OO pd  PAT

coated superat polymers showing improved acq
ton rates compared with uncoated polymers of same CRC or
SFC values.

[0518] The following superabsorbent polymers were
tested in 60740 cores {SAP/Ff}. The conditions are the
following: 10.000 b compression, 12x2} cm core, Y g
SAP/6 g Fluff.

[6519] The Following Tables Show Compairisons of the
Acquisition I3chaviour of Conventional SAP and Palyamine
Coated SAP

[0520] Conventional Superabsorbeat Polymer

o Avguir Rale ()

RO i i B 4
Somple S gy, (0w [Eml el 40l
Comp. Bx ¢ @ N2 044 wld CeTd 0D
CGomp. Ex2 218 WA 03 Ol s GRS
Comp. ix 1 773 %R wse  Ddee i Hoo dus
Comp. Ex 3 1656 6 0al S LM 043

{0521] Polyamine Coated Superabsorhent Polymer
pe ¥

n Kate (ml
i 260 45 Tri 174 s
: n a3 Y 17 it Sam- ROt 2 3 4
3 R %8 179 155 ple SKC g (0wl @Oml) (90 mb) {4 ml)
4 L 8] 4 14
4 TS s na B 1 O%uenacol SO 2502 05 0ISI LM Ie?
5 34 a7 212 94 74 2 2%weaaced 658 2284 047U 02 1N 025y
3 3%ocescol K47 2197 0521 0&M 1351 4D
4 4% woacol 504 170 0518 0382 0301 427
5 O%boemaccl 64 3394 0246 09 LT 042
[0s15] 6 Mhomacd S5 36 043 0270 L 0
7 L0 WS 0553 uR¥ LS5 e
Rewer Undes Acquisiting Time [0522] Comparing conventional superabsorbier and super-
No trad {g) Under Lome {5 absorber of 1he invention, it was found that superabsorher of
the invention is superior regarding aquisition times, if super-
saople 1 2 3 4 1 4 P S SUpSrof IeRaring 24! S 11 SUpet
wiih similar sfc or CRC are compared.
1 009 12 05 16 W76 879  v53 147 53] g N - b
T a0 Wy 000 S 1473 WER 1179 1240 [05‘3,] The Flull used for tbe examples of ths chapler
3 GUT 621 6% 95 15K9 TMSS IR ISK4 contained bi-component fibers. For showing, the improved
4 99 el 0.8 126 19T A3 IS 1007 hesion of polyamine coated suf wbenls parati
les were exhibited with 10fl contad a0 bicom-
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ponent fibers. Composites or air-laids made thereof have
uncxpectedly high loadings of superabsorbent polymers and
can be d without bicomp fiher or hinder
while providing excellent structural jntegrity with littke 1o no
shakeout or loss of superabsorbent particles from the shect
matenal,

[0524] Dry and Wet Integrity:

[0525) By looking at average force it is obvious that dry
and wet integrity of the polyamine coated SAP arc superior
ihaa the conventional SAD

TABLE 3
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[0528] Comparative cxamples show, that a crosslinker has
® he added 1o (he catiopic compound to gel superior
Acguisition limes

[0529] Funther cxamples show that the performance of

control samples which were woated with polyamines al

wmperatures >150° C was cvon worse. At that emperatures
covalenl bondings of polyamine onto the superabsorher

surfave 2 preseat. According (0 our invention we chose
wmperatures of about 1007 C. (o prevent covalent bondings.

Dry-Integrity

Prodwct Distance 1

lleight Produet  mm  Torelg
Sample (1) mm  Weight g Distance 1 Force 1
1,0.2%% Ugpurs PVAm 10000 531 12.98 133699 LR P
1,425% Uspure PVAM 10000 609 156 144380 02450l UM A4 LeAIG
T 5% Uspur PVAM 10000 656 1493 135731 w2291 Ni Oy
2. 0.5% Ugpur. PVAm 100.00 6.45 1224 1476.48 787295 1995 Liss a0
3, 1% Unpure PVAM 10000 894 1226 152390 NAISHE 1147
3,1% Unpure PVAm 0000 654 1244 143181 LAE0T 148 1400
4,025 Pure PVAM 000 61 N33 077 MWLM oS
4,625% Pure PVAD 10000 681 1286 16518 9MEH 120 LMsa?
5.1.5% Pure PVAM WO 531 163 HELSS  wdm
S WS% Puic PVAM 0000 686 1307 61705 WUNGY AR LsPss
. 1% Purc PVAm Wen 615 1213 122891 675507 1S
#, 1% Pure PVAm 10000 64 1204 17II3 BUeS 1468t 12X
7, Newt W/H3IPO4 WM 640 1359 40 KIS Tt
7. Newl W/HAPO4 0000 672 1362 16230n  URME I Hxa 1SV TR
Comp Example | 10000 631 1162 <0731
£ amp Exampic | 10000 651 18,24 1100031 (IR

Wet-Lnwgrity

Product  Distance I Force 1 Arcabl) 12 Gt 11 0?

Weight mm g gmn: glem Av
Sanph: g Distance 1 Force 1 Area b1} 1.2 Grad 892 42 boie
120 L e PVAm [ 1532 33104 2487 86
1. 4.28% Urpure PVAD 619 1280 26053 J1sady -
2, 05% Unpure PVAM sy1 15.69 APLT
Y 18% Uspun PVAM 647 1648 BRI
3 1% Unpure PVAR (X% 16.15 20347
3, 1% Unpure PVAmM .60 1523 pAX TUR) ©a ¥
4. 0.25% Puee PVAm 650 1509 3 206,74
4.DI5% Pur. PVAD 624 1386 27481 881,91 LR
§ 0.5% Pure PVAm 613 1480 212827
5. L.9% Cure PVAM 630 1444 034,00 o
1% Pure PVAR 6.3 1649 243,64
6 1% Purc PVAD 662 1423 2028.34 N4
1, Newl WALIPO4 629 1490 221,67
7, Newt. W/HEPOR 615 1430 26352 SR
Comp. Exampte | 622 13.06 62650
Comp. Example } 632 1582 242820 18t 27mi

[0526] Summary of the Results
[6527] 1t could be showa that the hydrogel-lorming par-

[6530] Fusther rusults show that there are also some dif-
fereot cosalts using hase  polymer which is surface

tickes performs the best, which were coated with cationic

N ax polyvinylamines or polycihyl imincs
Preferred ars the base polymers, which arc—uwen only
parliatly-—rosslinked  with  silica/aluminates/alumosili-
cates. Said base polymers show (he best acquisition times
and rewets after coating with cationic compound.

crasslinkud pared to base polymers without surface
crosshinking The coating of sarface crosslinked base paly-
mers leads o seperabsorbent particles which show bigh
AUL. values and improved performance; but on the other
hand their performance (aoyuisition time, rewet) is quite
had. According 10 our invention, we usc base polymer
witbout surfacy crisstinking, Thus the degree of cresslink-

ol
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ing, is lowee, and therefore the absorption capacitics somu-
what higher.

{0531] It coukd be shown that composites or air-laids
vomprising bydrogel-forming particles which were coated
with cationic compounds as polyvinylamines or polyethyl-
ene imincs performs the best.,

[6532) The above data show that the compositus of air-
laids of the presenl invention have excellent steuctural
integrity io a poo-woven fabric wlilizing only polyamine
cualed superabsorbent malerial aod a small amount of
Hulosic or other comparable fiby ier, even with no or
an optional small praportion of other binding matenial, such
as bicomponent fiber. The sheel malerials provide enhanced
coonomics, feel and performance. Withoul the need for
binder, manufacturing cosls are lower as well as cohanced
absorbency upoo hydration by aqueous fuids in usc.

{0533] The minimum of shakeout and loss of the granular
absorbent resin panticles is of significant importance 10
manufacture, conversion, and use of the absorbent fabric.

[0534] Overall, the data presented demonstrate that a
diaper core of the present iavention, containing an compos-
ites or air-laids of polyamine coated superabsorbunt mate-

rial, a flat, copslanl, or surpr. 2
decreascd, acquisition lime over five Its, whereas prior
cores dh an i d time 25 the

numteer of insults increase.

{0535] Polyamine-coaied  ubsorhent  malerial  baving
improved permeability and compositesfair laids made
thereof.

[0536] The following cxamples concern coated absorheat

patticles aving imp dp bilily. Said absorbent par-
ucks extubll improved permeability without teadency to
gel-blocking by uachanged high CRC. Composites or air-

faids made thereof sbow an improved permeability.

{0537]  Dependence of Crosslinker Content, Procedure and
Reaction Temperatures

[0538]  Basc Polymer Preparation: (Sample 1 10 7)

[0539) A 10T, capacity polycthylene vesscl, well insulated
by foamed polymer material, is charged with 3400 g of
deminerafized water and 1400 g of acrylic acid. 14.0 g of
pentacrythritol triallyl cther and 75.0 g of a 15% strength by
weight agueous solution of a polyamidoamine-cpichlorhy-
drin adduct (RETEN 204 1S from Hercules) ace then added
as crosslinker. At a temperature of 4° C,, (he initiators,
consisting of 2.2 g of 2,2-azohisamidinopropanc dikydr-
chioride, dissolved in 25 g of demineralized water, 4 g of
potassi disulfate, dissolved in 150 g of d
alized watcr, and 0.4 g of ascorbic acid, dissolved 1o 25 g of
demineralized water, are added in sucoession stirred in. The
reaction solution is then left (o stand without stirring, and the
p of the pol ivation riscs to about 93° C. A
solid gel 18 obtained, and this gel is subscquenily mechani-
cally comminuted and adjusted to pH 6.0 by addition of 50%
streagth by weight sadium hydroxide solution The gel is
then dried, ground and classified 10 a particke size distribu-
tion of HX-850 £M.

[1540]  Surfacy Crosslinkiog Exemplesc

[0541] 1 kg af the base polymer is sprayed in a plowshare
mixer with the foflowing solutions (simulancously. but via
two 00771cs):

Sample Novsde | Nazsle 2

I "0 gaf poly vinyt 2.0 g of dhylene ghykol hisglycidyl cther
Bmia avlusion® 10 g of prupylenc glykol

20 g of demineralized water
2 125gabpoly 15 pof dhylene glykol hisglycidyl ethor
vinyl amine 1) g af propylene glykol
salution*® 20 g of demincralized water

v 20yl poly 1.0 ¢ of ethylese ghykol bisglycidyl ether
cibylenc imine 10  of propylonc glykot
solutios** 20 g of Jomiseratized water
4 2gof paly 240 g of ethylene glykel glycidyl etber
etbylene imine 10 g af propylen glyket
solution** 20 g of demisczalizs) walee
S 20gof poly 1.0 ¢ of ahylese glykel bisglycidyl etber
ethylene imine 10 g of propylenc glykol
wolution®* 20 g af demine alizzd war
& 160golpoly 20 g uf abylea glykol bisglycidyl ether
ethylene imine 1) g of prapylene glykot
soluton™™ 20 g ot demincralined water
7 - (1.2 g of atbylene glykel buglycidyl ether
10 g of propylene glykol
2 g of demincralined seater

*poly vioyl atune softiun. 25% strogrh by weight aqusvus. suluiion of
pely vinyt amine (X vatue of 30)

==poly ethylene inzne sofution: Polywain G 169) {trade product fom BASK
AG, S0% strength by weight aqueout sofutio of poly ethylane invine)

[0542] The mixtures are thea heated in a laboratory drying
oven at JOU° O for 60 wminutes. The products described
hercin (all of white color) have the propertics shown in table
1.

10543]  Comparative Sample (Sample 8 to 10):

{0544] Sampie ¥

[0545] 1 kg of the basc polymer is sprayed in a plowsharc
mixer with a solution consisting of 2.0 g of ethylenc glykol
bhisglycidyl ciber. 10 g of propylenc glykol and 20 g of
demincratized water. The mixture is the heated in a labara-
tory drying oven at 100° . ke 60 minutes. The dried
product is then placed again in a pliwstare mixer and
sprayed with a mixture consisting of 20 g of 2 poly vinyl
amine solution (25% strength by weight aqueous solution of
poly vinyl amine., K value of 30) and 10 g of demineralized
waler. The mixtore is then heated in 2 laboratory drying oven
At 100° C. for 60 minutes,

[0546] Sample v

[0547] 1 kg of the base polymer is sprayed in a plowshare
mixer with a sofution coasisting of 20 g of a poly vinyl
amine solution (25% streagth by wuight aqueous solution of
poly vinyl aminc., K vatue of 30), 10 g of propykns glykol
and 20 g of demincralized watce, The mixture is the heated
in a loboratory drying oven at 10° C. for 60 minutes.
[0548] Samplc 10:

[0549] 1 kg of the basc polymer is sprayed in a plowshare
mixer with a solution coosistng of 20 g of 2 poly vinyl
amim salution (25% strength by weight aqueous solution of
poly vinyl aminc., K valuc of 30), 10 g of propylene glykel
and 20 g of dermineralized water.

{0550] The mixtuee is the heated in a laboratory drying
oven at 180° C, for (0 minutes. A product with yellow-
browa color is oblained.

TABLE |

Sazph R Gy
1 24wy 2150
2 30 gy 1100
3 WYy 115t
4 LR 1580
s S g 1080
6 PR 950
> 226 g, o
8 NK gy 450
9 FIRYY 120
o~ 142t ru

*Conpamlive example

[0851]  Despite there are only small differences in CRC for
the differeat examples {except example 10} the method of
coating and the amount ol crosslirker in the coating solution
determuines the GBP. As lound by ouwr experiments, the
amount ol crosslinker in the amount of polyamine o SAP
should be in the range of 2 w % ta 4 w % refered to the tolal
amount of coaliag solutios to give good rosulls in GRP.
Further- -as swen from cxample 8 1he healing process has
1o be afler completion of additios ol bulh components of
coaling. Example 10 shows us that the best products can be
get by temperatures of lower than 150° C., preforably lower
thao 100° C.

{0552] Otherwise Covalent  Boadings  will  Strongly
Decrease (he GBI Results.

[0583] Comparison of pulyamine surface crosslinking
wilh conventional sur(ace crosslinking

TABIE 2

The hase solymer was preparrd acording b Hxample 3
anc wak voahed with standand deancal vocierg
Standan) Dol EX-810 Susiace Croslinking

Decavd. At
Sample pem CRCRC 7 GRP
’ oA G4 193 ox 3358
2 SOy 04 s 224 38697
K 2009 ame  my 3ma00
4 Wi s owo - FRIRE)
f0554]
TABILE 3

TABLL 3-continued

The hass potymer wax propatad accurding i Fxsmple 3 and was

casted with Poiyamive, The dilfennces in the xamplos lica in

the % of demnoul which was usd 1 mike the basi polymicrs.

Patyanim: Surises, ¢ rosdinking

Sampk R e AULGT GBP
Hil 00550 194 204 21192
n 0.0550 188 padd] 13228
12 0.055¢ 19.1 211 2926
n o055 97 84 18210
1 006 £ 82 853
15 90550 97 8 19304
16 01028 (LX) 83 20457
17 [ 1.0 8.4 18190
18 Qe 189 75 19456

{0555]

Sampk. <R CRC AUL0O.7 [
1o 0550 9.1 164 2271
X 0028 &S 177 20488
H 00550 v {13 18276
n 0068 EX [£23 2173
2 [EERAT) RZY W 16107
2 D06 185 190 17326
kY 0.0850 ob ]S 17634
kY Q.06 9 w7 M334
” nse 7 =4 AL
28 00828 93 119 72
2 a0ss 21 173 19107
A G065 14 173 17286
3 DS ne 2.4 2492,
n 00628 o 214 1914
33 V054 A2 a7 19826
34 0.062% 98 n.2 19759
» QB Hea 20 2155.7

The base polyoier was prepured scurding to Frunple 3 386 was
coaled with Potysmine. The diftercnces in the samples fies ic
the % of deracul which wigs used W canke the bt puoymers.

Pouyumine Surfsee Cred aking

Samipie R CRC Al 7 GBP
[QEME . 22a 9.6
? 00628 196 0226
K] G063 19.4 ns2a
4 [y (L2
5 00550 m
6 Q0850 21
? 0SS 94
3 (o (LX
9 aasse w3

[0556] Tablc 3 offcrs casily that the GRP in the case of
polyamine surface crosslinking, is much higher than in the

case of cunventional sueface crosshoking.

[0557] 5.4.2.3 lofluesce of the amount of crosslinking
agent in the polyamioe coating solition on the absorption
profike of the superahsorbent particle

[0558] Compared is the coating of conventional superab-

sorhent potymers with that of high permeabilily superabsor-
bent polymers and its effect in a diaper core cavironment

(table 4 and 5).
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Haic polymer preparcc by the method of fxumple 1
Pulycthyleacimine (33 wt % solids, Mw = H1iXH))
Crosslinker: Ethylene gyeol diglycidyl ctber
Wetting Ageni: Fropyleve glyeal 125°C 1 &

Sample Samplc Conling Ratio AQLALT The CREC SIC
I Compantive Example 1 0.0400 243 74 7
2 PIII% 1 mole % Crouslinker 00734 195 FE
3 PH 1% - 3 mole % Croaslinker 00734 n: ST
1 P % - S mole % Crosslinker 00734 191 RIS
5 P 1% - 10 mole % Crosslinker  0.0734 207 ox
440 m1 D.9% NaCl igsuhs
Acqpisition Time fsec) Acguition Rate Rewe: (g

Sample 1 2 K 4 1] 2 3 Ll [l 4
1 W00 2625 4230 4975 029 D14 089 D08 D1 044 0% 19
4 766 1410 1694 2048 0.52 028 024 029 008 00?7 oM L7
5 ¥45 1562 A0S LT U4 D26 L 0T 056 CRERT
[0559]
TABLL 5
Buse polyiner pregured by the method of Vaample 3
Pulydthyleacimine (33 wi % solids, Mw . 7040}
Croeslizker: Eibylese gycol diglycxcyletber
Wetting Agent: Propyienc glyeol 125° €L 1 ar
Sample Sample Conting Rutwr ~ AULO P8 CRC 8K
1 Compantive Ixample 3 e 21 dosn
> PEL % S moke % Croslinkes 0072 220 [CRR
1 PE 1% - 18 ol % Croseinker 5073 LN WS SIS
& 40l 1.9 NaC) emwnits
Acgwisition Time {sec) Acqusilion Raic Rewed {2)
Saople 1 13 4 1 ? 3oe ot ’ ‘
1 T DS 2034 2595 051 025 b ugs a2 it
T oKd4 bea WX BST 050 D& BAE Ude QAN 023 W)
3 eS 613 TT 9S4 0F U63 0SS 04 e T

{05607 Gceoerally coating superahsorbent particles with 3
polycthyleneimine solution has a substantial efluct on the
polymer’s performance in a diapur core. However the hen-
cfits arc much greater in the case of coating high pemme-

xorbent polymers and its effect in a diaper core cnvironmeni
(table 6 and 7).

TABLE ©

ability superabsorbent polymer. Although the ab;
{AUL) and permeability (SFC) of the polymer decreases
above a curtain amount of crosslinker, the performance in
terms of acquisition rate is superior to that of conventional

Brae polygier prepared by the mcthod of Exsmplc 1
Polycthylencinting {23 wt % solics, Mw = 70.000)
Croslinke . tihykne glycot diglycidylether

g Agent Prapyicre giveat 1257 C 1 he

superatsorbent polymer. Obviously. a crosslinker content of
10 mol % is the above limit where's no further increase of
permeeability. Otherwise, even a very Jow levels of addition
of polyelhyleneimine, the aquisition rate increase in
observed. As the polyethylencimine fovels increase, the
rewel (g) data maintain the Jow values as secn wilh the
controd for the 18, 2ad, 3nd insults.

{0s61] Effect of coating a superabsorbent polymer with a
single coating solution that contains both an amine and a
crosslinker. Compared is the coating of voaventional super-
absorbent polymers with that of bigh permeability superab

AULOT
Sampke Samipke Cating Ralie  thr  CRC SRC PAl
I Companiv 0040 43 214 118
Fxample ©
2 Pl 1N N4 mne 327 o
] LGINIRL 00430 104 323 0
4 PELOG 00450 Wy e o Jeo
s 0039 105 e o0 784
» 00859 172 17 407 950
TopHLOTS 00528 115 81 640
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TABLE 7-continved

Base potymer prepared by Ihe method of Fxnmple: |
Polydthylencimine (33 W % siids, Mw = 201K
Crosstinker: Khylens glycot dighycidytether
Weiling Agent: Propylenc glycol 125 €. 1 be

& % 10,0630 174 276 490
¢ PEL2% 0.1000 19.0 7 n20
10 PEL 3% niade 194 XX )
1 rm, 4% 0.160¢ 194 78 1390

4-40 mt 0.9% NaCl insults

Coal-  Acquisition Time (scx) Acyusitivn Rate

Sample ing 3 2 3 4 1 2 3 4

1- 0 1400 3KIS 423D 4975 D am 609 o0

3 0.1 208 6334 700 BOAT 047 005 006 005
4 115 1091 2050 244K 2SEu 037 020 006 010
s 025 1289 2015 3363 3698 03t 005 012 0.0
o U5 RUK 1621 1882 2134 045 028 42) 009
7 075 924 1704 2504 W09 043 023 06 013
8 Sy 2007 2546 WA 047 020 06 043
9 2 R7.7 1013 1908 I361 A6 028 020 047
10 A 20 2313 2850 3708 0458 007 014 1)
1" 4 847 1735 2359 2744 047 023 07 das

{0562)
440 0.9% Nl bty
o Aewaiwy
Sample Ccating 1 ? . 4
1-Comy. x a (0]} [ ]
3 ar (O3] [NER. 3
4 ars 027 42 s
5 s (o] LTAN X
° [X] wr? fa.  .Se
* 0.75 10 6L 187
¥ 1 10 028 e
® ? o2 04t 33
10 3 .11 015 130
1" 4 0.12 024 20
[0563]
TABLE 7
Hane polymes preperc by the method of fxariple 3
Palyahylencimioe (33 Wi % soids, Mw = 70,000)
Crouslinker: Exbyleoe glyol diglycidyletber
Weting Agent: Propylenc glyoot 1757 C. 1 e
Coating AUl
Sample Sample Ratio 071 CRC SIC

Conpantive Fxanmple 3 ousd 24,1 ELA B LA ()
PHE D25% Comwad HP SAF ONS0 s v9 W82

1
2
3 PHI0.5% Costed [IP SAP .57 e I B Xx )
4 A3075% Costed HP SAP QS 217 A6 Nla
5 Pt 1% Comied HP SAP a3 p=24] 195 saNK
¢ Pl 2% Comied ilP SAP a1 215 74 A

Rase polymer prepared by the method of Example 3
Polyethylencimine (33 wi % sclids, Mw = 7100}
Cosatinker. Fthylene glyool . glycidylether
‘Wetting Agent: Propylene glycol 1257 €. ) e

7 Pl 3% Cualed HP SAF 1140 ns i w16
d Pl 4% Couted HP SAP 0173 155 [ES A A}

4-40 ml V9% Na(1 inwwlts

Acquiition Time (sec) Acqusition Ratc

Sample 1 2 3 4 1 2 1 s

1Comp. ix 3 747 1605 2034 2595 051 028 0k 3Is
611 074 A4 101G 005 05, 047 G4

3 621 744 TI0 902 064 054 052 a4
4 W8 663 69.7 NSO 066 080 057 047
s 595 010 &5 788 047 066 06 I
5 518 78S M6 RIZ 049 051 050 D46
7 558 S64 To2 A0 07 071 0§ e
8 554 053 .1 892 O 061 05T 045

4-40 @i 0.9% NaCJ msu.ls

Rewet (2)
Sample 1 2 2 4
1-Comp. £ix 3 0.12 v4 pae
2 ®17 nrz 0.4
3 a1t o0 [i¥3
4 [35] nn D4
£ ©.07 010 047
o 0.13 nAa 149}
7 0.15 0 1en
K 013 a2 EA0]

[0564) Again bigh permeahility superabsorheni polymer
coated with a polycibyleacimine solution show superios
permeability than cqually coated enaventional supcrabsor
bent polymer. Now the experiments were conducted at low
to optimum crosslinker content. Obviously, a crasslinker
conteat of 8.15 mol % is tbe mipimym o see an inllucnoe
of cuatiog. Bul even at this very low levels of addition of
polycthylencimine, the aquisition rate increase. Again, the
performance of coated high permeabilty superabsostent
pulymers in terms of acquisition rate is superior (o that ol
conventional superabsorbent polymer. With an increase in
the bulk crosslinker in the basc polymer, there is an increase
in the permeability (SFC) of the high permeability super-
absorbent polymer. ‘The acquisition times and rales are
similar; however, the rewet (g) values increase for the 3rd
and 4th insults with the higher bulk crosslinked base poty-
mer.

[0565] 1iffect of increasing the bulk crosslinker in the i
permeability superabsorbent polymer and coating with a
single coating solution (hal comaios both an amine and a
crosslinker. Compared is the coating of a high pesmeshitity
suporabsorbent polymer with a crosstinkor content of (1083
mol % MBA with that of a high permeabilily superabsorbent
potymer with a crosslicker content of 0.1 mol % MBA (tabte
& and Y).

Izl
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TABLE 9-comigucd

Ranc profywer preparee by the method of Rxample 3
Palycthylencimine {32 5 % sonids, Mw = 0K

Cromslinker Eihylene gyl dighycidykther

Weliing Agent: Propykene glywol 1257 C, 1 hr

Coating AU

Buac polymer prepared by the metbod of Cxawple 3 proparcd at a
higher bulk croaslinker cve, in the polymerization {0.1 mele % MBA)
Poigethylencimine (23 wi % solids, Mw = 70,000)
Crosslinker. Etbytenc glycol dighidylether
Weiting Ageai: Frapylkerc glycol 1257 €. < be

Samphk Ssmyple Ratic 0.714r CRC SIC
460 ml 0.9% NaCl insu
1 Cempantive Fxample § 00 21 211 1520 Rewet (&)
TP Costed HESAP a0 D8 199 3683 ————
3 PH S Cowed HPSAP 0057 216 190 7336 . R
& PEDB%Cond HESAP  O0es 217 186 7138 Sasuple ! 2 3 4
5 PLL % Conted HP SAP 073 pady) 195 paB¥
2 (] 6.21 074 8.7
440 ml 0.5% NaClimults 3 006 pres 034 n
. 4 ot 021 64 165
Avquisition Time (sec) Acqjusilion Rale 5 o on D49 1a
Sample L D |
! ”’"‘f 3 ;""II ”“_: : l::: ‘;T”; U’:: ::;LZ gi‘; g:f [0567] Obviously increasing the bulk crosslinker in the
s o1 184 LU W02 D6h 054 057 044 high permeability superabsorbent polym::r.wu.h.m the above
1 oIE w0} 097 RSO 066 060 05T 047 cange from 0.083 o .1 mol % shows no significant change
s 595 wie w82 mH 06T 066 06) 051 in the absorption protile. Nevertheless, a bulk crosslinker
content of 0.083 mol % scems to show improved acguisition
440 ol 0.9% NaC1 insuics dalas
Rewet ()
[0568] tofluence of tbe amount of wettiog agent in the
— : . . .
sangle ! - * 4 polyamine coating solution
1-Comy tx 3 an [avs 0.39 388 . ;
N [ (A% 04 9. TABLE 10
! o Vi ket &4 Bene potyaee prepared by the method of Fxampe 3
N a1 @ aa8 71 Posycthylcnciminc (33 wi % welids, Mw = T0,000)
s an? “ 47 1. Crosslinker Fihylene glycol diglycidylether
Weiting Agent® Prapy e glyon) 125°C e
G in
{0560) Coating AUl
bawoun Coating 0.7
. Sumple San.phe SAI® Ratin  1ht CRC SFC
TABLE @
1 Compamive Zwi% 0050 25 194 2568

Brac pobveamer ot by ihe owthod of bximpa 3 prepsnd of

tigher butk cros

Patycthyleaciming s 43 w1 % su.ids, Mw « 70,1500}
Cominber ihylene glyad diglyerdylothn

Watiang Ageat. Prpylene glyoo! 1287 C. 1 b

et level in he polymeriziigs (.1 mee % MAA)

Fxunple 3
2 OHPSAPI%PEL 2wi% 0053 217 193 4102
3 ODPSAPIRPIL  Swi% 0073 200 195 8488
4 IPSAPIREEL bwi%  GAWS 225 193 5528
S OIPSAPI%PFL  gwi%  0H0 TS A 43

Coatiag AUL
Sample Saople Ratio 0.7 1br CRC SIC
1 Coumpantive Bxample 3 25 .98 181
2 P o2 Cosd (IFSAC wust 26 FIR I EA |
3 PSR Couted HESAE 0N 9.0 9L
4 PELD7% Coned 1P SAP OfS 192 f139
5 PEL 1% Coated 1P SAP gut3 N4 9 53BY
44 ol 0.5% NxY innlts
Acquisition lime (sec) Acqusitico Rate
Sumple ? [ Ty 4
1-Comp. 1x 3
H 653 75K £} NMY 361 653 046 03K
3 2 Mm BY oY 269 057 053 044
4 6hs LI Mo weS D60 0SS (S0 041
s on1 LA KIS M0 261 049 Ods 037

[0569] Comparison of wo different polyethylencimines in
the coating solution (table 11 and 12}

TABLE 11

R polymer propared by the metbod of Exemp.e 3
Polyethylencimiae (33 wi % sulics, Mw « 750,000)
Crosdiske: fhylens ghyol diglycidylether
Welling Ageni- Propyxne glyool 125°C b
PCI Cosled (BASF Luparsd P5) HP SAP

Coating AU
Sawple Saniple Ratioc @71k CRC  SKC

1 Compwaiive Fxample 3 DeSX 240 23 iS2e
2 HP SAP 325% PEI Conted 1. 05(6) pa X0} 03 246
3 [P SAP D.5% P Gomten 0SS nAa 203 ¥22

US 20050013992 Al
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LABLL 12<ontipued

Basc palymer preparc by the method of ixmmple 3
Polycthylencimine (13 wi % suaids, Mw « 750,1%00)
Crosslinker: Bthyhine gly-ol diglycidylotbes
Wil g Agent: Propylene glyool 1257 C. 1 by
PEI Cosicd (BASI? Lupesol PS) HP SAP

Base plymcs aeparcd by the wethod of Eoumple 3
Caalwatnylencionine (13 wa % oiids, Mw = 70,0000

440 i 0.9% Na(1 insults

Acguisition Time (sec) Aoqusition Rite

Sample 1 3 4 2 4
1-Comp. Fx 3 787 1605 2034 2595 051 025 02 O.f
2 788 1564 1644 166 051 026 024 024
3 699 978 1135 1501 057 041 035 027
440 ml 0.9% NaQ} insults
Rowat (z)

Sample ' 2 2 4

1-omp kx 3 a2 014 239 388

2 [H 0.6 015 15

3 (3} 013 0.37 447

105701 PE{ Coated {Tpomin) TIP SAP
10571 “Fable 12

{0572] Base polymur prepared by the method of
Lxample 3

[#573] Polycthyleocimine (33 wi % solids, Mw=70,
(H00)

[0574] Crosslinker: Ethylese glycol diglycidylether
{0575 Wenting Agent Propylene glycol
{0576; 125°C. 1 hr

TABLE 12

Isxe polymer preparcd by the method of Example 2
Polydbyknciminc (33 wt % stuids, Mw = 70,00
Cromlinker: Thylene ghycol diglycidylether
Wettizg Agert: Propylene ghycol
12200 ]

Croastinker Ctbyleoe glyeol cglycidylether
Wetang Agenl: Propykene glyco;
125°C the
33 ml 0.9% NaClinsia
Rewel {g)
San ke ¥ 2 k] 4
1 Comp. kx 3 L3 014 039 EX.A)
w? L2 04 0t
% SL 008 22 79

[8577] The results show that the polyethylencimine-type
Lpomin performs comparably. This could be found for the
acquisition datas; the rewets for this polvethylencimine-typs
are otherwise worse than the BAS) Lupasol PS Type.

[0578] Summary of the Results

(0579} The cxperiments show that there are different
esults in comparison of polyamine surface crosstinked
suporabsotbent  polymar and  conventional  surface
crosslinked superabsorbent polymet. Said coatiog solulion
comprises a cabionic compouad as for cxample polyviny-
lamines or polyctbylune imincs and a crosshoking agent.
Generally, polvamine coating leads o products, which
exhibit better aguisition dalas and have improved perme-
ability by application in the ahsothent core, Furthermore, the
comparison hetwuen palyaming eoated coaventional super-
absarbent polymer and polyamine coated high pesmeabilily
superabsorbent polymer show that the high pecmeability
superabsorbent polymers performs ihe best.

[0580]  Comnpacative cxamples show, that a migimum of
crosslinker hax (v be added 10 the cationic compound (o get
superior acquisttion hohaviour. Rising the crosslinher con-
wat shove a curtain imit gives ao further benifits. The
prefered range of the crosslinker conlent goes from 0,15 mol
% 0§ mol % Othcrwise, small changes n conteat of the
bulk crosshoker docs nnt significantly influence the perfor-
mapce data

{0581] Polyamioc-Coated  Absorbent  Fines  having

Coating  AUL
Sanple Samyl Ratio 071k CRC ST
1 Ceapanbive (anmple 3 0650 2.0 211
2 P1102% Crawd HP SAP 0050 218 199
2 P11 M kbed TP SAL 0as? 26 191
4 Pl 2% Coated HE SAP Q065 2.7 pt-X3
S PH 1% Conled P SAF [ UTA] 220 195
o P11 2% Coated 1P SAP 0w NS 4
T PU] % Comied HP SAP 1140 ns PR
] P11 4% Conidd HP SAP 0173 19.5 a7
ANty
Avquisitin Time {sec) Ao milion Rete
Sanygke 2 ER 1 2 3 4

1Comp kx 3 TET 1005 2034 2855 351 025 02 048
N 61 674 Ba4 10 65 0S9 W4) 040
1 621 M4 7T %2 )64 0S54 Q52 04

I d Acguisition Rales and Composiles/Air Laids
Madg Thereot.

[0582] Polyamne coated fines exhibit improved acquisi-
tion sates withost tendency to pel-blocking. Tn detail, this
aspect of the present invention concerns improved coated
fines of partick: sizcs bolow 400 gm.

[0583]  Compaosites or air-laids of this aspect of the present
invention show an improved acqguisition bebavior and low
eewels at the same time.

Lxampl 1

[0584] A 101 capaaty pelyethylene vessel, well insulated
by foamed polymer malcrial, is charped with 3400 g of
demincralized water and 14X g of scrytic acid. 8.4 g of
axethylene bisacrytamide is then added as crosslinker. Al a
teeporatunc of 4° € ., the initiators, consisting of 2.2 g of
2.2%asobi Iinopropane dihydrochloride, dissolved in 25
2ol du liacd waler, 4 g of p ivm p trsulfate
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dissolved in {50 g of demincealizad water, and 04 g of
ascarhic acid, dissolved in 25 g of demincralized water, arc

added in succession stirred in. The reaction salution ts (hen
1eh) to stand without simring, and the temperature of the

polymerization riss to about 94° C. A solid gel is ol
and this gel is subsequently mechanicaily comminvied and
adjusted to pll 6.0 by addition of 50% strength hy weight
sodinm hydroxide solution The gel is then dried, prosnd and
classificd to a particle size distribution of 100-200 gm (basc
polymer 1a) resp. 200-300 zan (base polyaer 1 b).

Example 2

{0585] A 10 1. capacity polyethylenc vesscl, well insulaled
by foamed polymer material, is charged with 3400 ¢ of
demincralized water and 1400 g of acrylic acid. 9.5 g of allyl
melhacrylate aod 1400 g ol a 15% strength by weight
aqueous solution of a  polyamidoamine-cpichlorhydrin
adduct (RETEN 204 1S from Hercules) s then addud as
crosslioker. At a temperature of 4° C., the iniators, coo-
sisting of 2.2 p of 2,2-azobisamidinopropane dihydeachlo-
ride, dissolved in 25 g ol demincralized water, 4 g af
polassium peroxodisulfate, dissolvad in 150 g of deminer-
alized watcr, and 0.4 g of ascorbic acid, dissolved in 25 g of
demineralized waler, are added in sucoession stirred in. The
reaction solution is then keft to stand without stirting, and the

p of the pol; ization rises W about 91° €. A
solid pel is obtaincd, and this gel is subsequeotly mechani-
cally comminuted and adjusted to pH 6.0 by addition of 50%
streagth by weight sodium hydroxide solution The gol is
thea dried, ground aod classified 10 4 particle size distriby-
tion of 100-300 jan (base polymer 2a) resp 100-400 gm
(hasc palymer 2 b).

[0586] Surface Crosslinking:

{0587] 1 kg of the buse polymer is sprayed in a plowshare
mixer with the following solutions (simullancously, but via
two nozzles):

Base
Exsmphe  posymer Noazke 1 Nozzae @
3 16 20gfpoiyvinyl 20 g of atbylenc giyke.
aminc sohtion™  bisglycicyl ether
10 g of propyenc 2iykol
20 g of deatinerstized wstee
4 ta 125 gof poly vioyl 15 g of ethviene giyk .
amine sohation™ bisglyciayl ether
10 g of arapya e stykol
20 g of demincratized walce
5 26 Mg of poiy 15 g of ethylenc giyk .
ethylenc imine tusglycidyl eiher
ation** 15 g of oropysnc glvknd
20 g of demineratized waes
- 22 2gofpely 155 g of ethylenc gyl
ethylene imine hisglycidyt cthes
soutioa™ 10 g of propyseac glykel
2 g of demineralized water
7 2h  Wgolpolyvinyl 05 g of ethylonc giyke.
smine wlution®  nisghwicyl cther
2 g of deminemslised wator
8 Za 100 gof poly 2.0 g of elbyicre giyke..
ethyieoe imine nisplyonayl ethes
= ation"* 13 g of srpya o Alykol

2 g of demnivealind wiio
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~onlinued
Base
" fxample  polymer Nede 1 Nowezle
3 22— 0.2 g of elbylene glykol

bisglyeidyl cther
1 g of propylen glykol
2 g of demincealized wce

*paty iyl wmune sulution: 35% strcagih by weight queoin sluline of
pooly vinyl kmine (K vatue of 30)

**poly cthylen imine safutiog: Polymin G 100 {Lrade produat from BASE
A, SO% arength by weight aquosut solution ol paly ethykne amine)

{0588} The mixtures are then beated in a laboratury drying
oven ai 100° C. for 60 minutes. The products described
herein (all of white color) have the following propertics:

Sampic CRE Vortex time
3 20 g 125
4 230 g ]y
s 0.1 gfg 4
5 153 g/g 148
? 173 g5 =1
] %S g 17
o 199 gfg 32

107 48 gy We
He 28 gy 4
12t 140 glg 19

o remstive caampke

{0589] Comparative Examples:
{4590]  Sample 10:

10591) 1 kg of the base palymer 1 b is sprayed in a
plowshare mixer with a solulion consisting of 2.0 g of
cthylege glykol busglycidyl ether, 10 g of propyleoe glykol
and 20 p of demincralized water. ‘The mixture is the heated
in a inboratory dryiag oven at 100° €. for 60 minutes. The
dried product s then placed again in a plowshare mixer and
srayed with a mixture consistiog of 20 g of a poly viayl
amine <olutiop (25% strength by weight aqueoys solution of
puly viny) amine., K value of 30) and 10 g of demincralized
water. The mixture is then heated in a laboratory drying oven
AU 100° C. for 00 minules.

(0592} Sampic 1:

[0593] 1 kg of the base polymwr 1 b is sprayed in a
plowshare mixer with a solution consisting of 21 2 of a poly
vinyl amioe solution (25% strength by weight agucous
solution of poly vinyl amine., K value of 309, 10 g of
propylene glykot and 20 g of demincralized watcr. The
mixture is the heated in a loboratory drying oven al 100° €
for 60 minutes,

[6594] Sample 12:

10595] 1 kg of the basc polymer 2 a is spraycd in a
plowshare mixer with a solution consisting of 20 g of a poly
vinyl amine solution. (25% sirength by woight aquoous
soluton of poly vioyl aming,, K value of 30), 10 g of
propylene glykol and 20 g of demineralized water. The
mixturs is the beated i a loboratory drying aven at 180° ¢
for 60 minutes. A product with yellow-brown wlor 15
ohtained.
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1-28. (Cancelled).

29. Supurabsorbent particles having a shell, wherein said
shell comprises a cationic polymer crosslinked by the addi-
tion of a crosslinkur and adhored to a2 hydrogel-forming
polymer having a cesidual waler content of fess than 10 wi
%, said panticles preparcd by applying a coating solution,
containing the cationic polymer and the crosslinker, 1o the
hydrogel-formiag polymer, wheren the hydrogel-forming
polymec is peutralied ar least 50 mole percent aad the
cationic polymer comprises a polyamine or a polyimine
material

30, The particles of ¢laim 29 wherein the cationic polymer
comprises a polyamine matcrial

3. he particles of claim 30 wherein said polyaming is
seleeted from the group consisting of {a) a polymer having
primary amine groups; (b) a polywmer having sccondary
amine groups; (<) a polymec having lerliary amine groups;
and () mixrcs thereof.

32. The particles of claim 29 wherein the crosslinker is
sclected from the group of sodium formate, a poly(cthylene
glycol) diglycidy( cther, and mixwrs thereof,

33, The particles of claim 29 baving a CRC of at least 24
e

34, The panticles of elaim 33 having a CRC of at feast 28

2.

35, The particlos of claim 34 having a CRC of at least 30
o

36. The particles of claim 29 having a Pressure Absor-
beacy Index of less than 120

37. 'the partices of claim 36 haviag a Pressurc Absor-
beney Index of less than 100,

8. The particles of claim 29 haviag a ratio of AUL (0.01
i) 10 AUT (0,90 psi) of more than 260,

39. The particlus of claim 3 having a ratio of AU (0.01
psi) to AUL (0.9 psi) of morc than 2.0,

40. The padticlos of claim 39 having a aatio of AUL (0.01
psi) to AUL (090 psi) of more than 3.5,

41. The particles of claim 2% having a CRC of at lcast 18
/g and a Gel Bed Permeability of more than 300,

42, The particles o claim 41 having a CRC of at lcast 20
/g and a Gel Bed Permusbibity of more than 1200,

43, Tbe panticles of claun 42 having a CRC of at least 22
gfp amd 1 Gel Bod Pormuabitivy of more than 1500,

44, The panticles of claim 29 having a Vorlex Time of less
than 3 sceonds.

45. The panticles of clarm 44 having a Vortex Time of less
than 20 seconds.

46. 1he panticles of claim 45 having a Vortex Time of less
than 10 sceonds.

47. The particles of claim 29 wherein 80% of the particles
are smaller thag 400 gm.

48. The particlos of claim 29 whercin 80% of the panticles
arc smaller than 30 gm.

49. The particles of claim 29 wherein 80% of the particles
arc smaller than 200 gom.

50. A composite comprisiog a {ibrous sut and the
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54. The compasite of clatm SO whercin the particles have
& Performance Parameter PP of less than 1500,

55. The compusitc of claim 54 wherein the particles have
a Performance Parameter PP of kess than 100G,

56. The compasile of claim 55 whercin the particles have
a Peeformance Parameter PP ol kess than S00.

57. The composite of claim S0 comprising (a) synthetical
fibers, (b) ccllulosic fibers, and (c) superabsorbent particles,
whercin a mixing ratio of synthetical fibees to collulosic
fibers can he varicd from (100 1o 0) syathetical fibers 10 (0
1o 109) cellulosic fibers.

58. The composite of claim 57 wherein the composite can
be prepared by (i) a procedurs whereio (a), (b), and (c) are
admixed a1 the sane time, (i} a procedure wherein a mixture
of (2) and (b) is admixed with {c), {iii) a procedure wherein
a mixture of (b) and (¢) is admixed with (a), (iv) a procedure
wherein a mixture of () and () is admixed with (b), (v) a
proccdure wherein (b)) and (¢) an: admixed and (a) is
conlinuously added to the mixture, (vi) a procedure wherein
(a) and () are admixed andt (b) is contiuously added 1o the
mixture, o (vii) a procedure wherein () and (¢) arc sepa-
ratcly mixcd with {a).

59. ‘The composite of claim 57 propared by a process
wherein a layer of the supcrabsorbent particles is heated
above a glass transition temperaturc of the particles to bind
adjacent particles together, fo bind the particles (o the fbers,
or a combination of hoth.

60. The composite of claim 59 whorcin said layer is
heated in the range of about 50° C. 10 abowt HK® C. during
manufaciure of a sheet material.

61. An air-laid acticle comprising superabsorbent pantickes
of claim 29.

62. 'The air-laid article of claim 61 containing more than
30% by weipht superabsorbenl particles.

63 ‘The air-laid article of claim 61 containing more than
5% by weight superabsorbent particles.

64. 'the air-laid article of claim 61 containing more than
70% hy weipht superabsorbent particles.

65 “the air-laid article of claim 61 containing more than
&0% by wcight supcrabsorhent particles.

66. 'The air-laid asticle of claim 61 whercia the superab-
sorbent pasticles bave a Performance Parameter PP ol less
than 1500,

67. The air-laid article of claim 66 whercin the superah-
sorbent particles have a Performance Parameter PP of less
than 500.

68. The air-daid anticle of claim 61 prepared by a process
whercin a layer of superahsorbent particles is heated above
a glass transitivn temperature of the particles to biod adja-
cent particles together.

69. The air-laid articts of claim 68 wherein said layer is
heated in the range of about S¢° C. to about UK C. during

f of u sheet matenal.

superatworbot particles of claim 29,

51.The composite of claim 50 containing more thao 30%
by weight of the superatworbent particles.

52, The composite of claim 50 containing more than 9%
by weight of the superabsorbent particles.

53.The composite of claim 50 containing more than 60%
by weight of the supcratmorbuot partscles.

70. An absorhent article comprising {a) a liquid pervious
top shut, (h) a liquid impervious back sheet, and {c) an
absorbeat core posttioned between said top sheet and said
lack shuct, wherein said absorbent aore comprises panticies
of claim 29

71. The absorhent article of claim 70 whercin the core has
a shakcout of less thao 10, by weight, of the particles.

€2
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72. ‘The absarbent article of claim 70 furthur comprising
an acquisition layer disposed herween th Jopsteet and the
core.

73. A metbod of manufacturing superabsorheni particles
having a shell comprising:

(a) preparing a solution contsimag (i) water, (i) an
aptional wetting agent, (iif) a cativnic polymer sclocted
from the group consisting of a polyamine, a polyimine
material, and @ mixture thereol, aod (iv) a crosshinker;

{b) applying an amount of said solution otto a pluralily of
absorbent hydrogel-forming polymer particles acutral-
ized to at Jeast SO mole perceat and having a residval
water content of Jess than 10 wi %, and
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(¢} drying said coated polymur particles of step (b) at a

temperature of no more than 150° (.

74 Ihe method of claim 73 wherein the welting agent
comprises a hydrophilic arganic solvent, and wherein a ralio
of organic solvent to watcr in the rcaction mixture is less
than 50:5¢.

75. I'he method of claim 74 whercin the welting agemt
compriscs 20 aloohol, propylenc glycol, or a mixture
thereof.

76. Superabsorber particles having a shell prepared by the
method of claim 73.

L



