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ABSORBENT POLYMERS HAVING A ﬁEﬁﬁCED CAKING TENDENCY

This invention relates to?absorbent polymers
whose particles have a reduced_tenaency to agglomerate in
humid environments and/or form dust; a process for the
preparation of such polymers, and absorbent articles
prepared therefrom.

Absorbent, that is,'watereswellable,'polymers
are generally prepared by gel poly@erization of a mixture
of monomers in aqneous solution. 'éertain additives, such
as crosslinking agents, may be incorporated into the
monomer mixture. The product of the polymerization
process is then typically dried and subjected to a
mechanical means of particle size reductlon.

The absorbent polymers are especially useful in
many types of personal care devices such as diapers, adult
incontinent articles, sanitary napkins, and medical
devices because of their ab111ty to readily absorb bodily

fluids. Unfortunately, the ‘absorbént polymers also absorb
water from the air and when exposed”to humid env1ronments
the water- swellable polymer partlcles tend to stick
together, that is, agglomerate or cake, and also tend to
stick or adhere to processing equip@ent. Thus, the
polymer particles are not free—flowing, that is, have poor
flowability. :

If the polymer particles are not free-flowing
then they present a few problems. One problem is that the
particles are difficult to 1ncorporate into personal care
devices because the reduced flowablllty hinders the
uniform distribution of particles wrthln an absorbent
core. Another problem stems from the tendency of the
particles to stick to each other and to the manufacturing
and processing equipment, that is, . screens, dryers,

meters, or fabricating machinery. "foductlon is often

hindered because the equipment mus ;e cleaned
periodically to remove the agglomerated particles. Yet
another problem assoc1ated with water swellable polymer
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particles th&t tend to agglomeraﬁéyis that if the polymer
particles have absorbed some water;already then the water-
swelling capacity for the personal;gare devices containing
said polymer particles may be redﬁééd.

One way in which the cakipg tendencies of
absorbent polymers have been reducéazis by blending finely
divided silica or fumed silica wi:h;the absorbent polymer
particles. See, for example,'U.s.f?atent 4,734,478 which
mixes 0.01 to 10 parts by weight of’finely divided silica
with 100 parts by weight of the water absorbent polymer
and WO 94/22940 which blends less-than 10 percent by
weight fumed silica with the water absorbent polymer.
Unfortunately, even though the caki@g tendency of the
polymer particles may be reduced, bgth types of silica are
low bulk density solids and tend to add dust into ﬁhe
environment. '

Other compounds have been;employed to reduce the
adhesion tendency of absorbent polymer particles. Among
these are-ndnionic or anionic surfdctants. See U.S.
Patent 4,286,082 utilizes the abové_surfactants in the

presence of a crosslinkable monomer to diminish the

adhesion of the hydrous polymer tojthe polymerization
vessel. These surfactants may indeéd reduce the adhesion
tendency of the polymer, but the su?factants also reduce
the surface tension of a contacting f£luid in equilibrium
with the polymer. This is unfortuﬁate in that the surface
tension of the contacting fluid is_ﬁsed as a measure of
performance of water-swellable polyﬁers;

The surface tension of tﬁéLcontacting fluid in
equilibrium is used as a measure_oifperformance_because
water-swellable polymers which exhibit a higher surface
tension generally tend to “wick" béfter, that is, the
polymer transports aqueous fluids by caplllary flow more
efficiently and holds the fluids more'strongly As
f;cklng is very

important for absorbent devices such as diapers or
sanitary articles. The effect of surface tension on

2.




10

15

"20

30

’

WO 97137695 PCT/US97/05055

capillary fidﬁ'and-capillary pressure is described more
fully by thenpﬁcas—Washburn equatioﬁ as discussed in
P.K. Chatterjee, "Absorbency,” Elseévier, Amsterdam, 1985,
pp. 36-37.

Industry would f£ind great&advantage in a water-
swellable pol?mer'composition whichfdoes not agglomerate
when exposedfté a humid environment, that is, which
comprises more than 90 percent free-flowing polymer
particles asfmeasured by the test‘diSclosed herein.
Industry would further find advantage in a new process for
reducing the aéglomeration tendenciés of a water absorbent
polymer compdéition which comprises:employing liquid
anticaking agen;s rather than solid$isuch as silica which
can increase the dust present. Industry would further
find advantage'if said liquid anticaking agents
substantially maintain or increase the surface tension of
a contacting liquid in equilibrium With the polymer
compositioh.. |

- Ac¢6idingly,ﬁ§h oné%ésbéééﬂﬁhé subject invention
provides a composition COmpris;ng: .a) water-absorbent -
lightly crosslinked water-insoluble.polymer particles;

b) an effecti?e‘amount of an anticaking agent; and
optionally c)-a hydrophobic or hydrbﬁhilic dedusting
agent. These'compositions comprise more than 75 percent,
preferably more than 90 percent, more preferably more than
95 percent, an?most.preferably more than 29 percent non-
caking polymer particles as measured by the test disclosed
herein. ' :

“In ahother aspect, the invghtion also provides a
process comprising: a) preparing a-water—swellable
hydrogel by a gel polymerization process; b) drying and
sizing the thus prepared hydrogel tdiébtain a composition
comprising dried and sized particles$fand c) contacting
the composition with an effective amount of an anticaking

agent.
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Qufiternary ammonium salts have been used .in
conjunction with absorbent gels as a lubricant in, for
example, U.S. Patent 4,997,714, but heretofore have not
been employed as anti-caking agents.-

5 As used herein, the term "substantially maintain
or increase the surface tension" means that when an
aqueous fluid is in equilibrium witﬁianother fluid and the
attrition-resistant, water-swellabléfpolymers treated with
a hydrophobic dedusting agent of the present invention,

10 the surface tension of the aqueous fluid, as measured by a
surface tension test disclosed hereinafter, is decreased
by less than about 10 percent, preférébly less than about
5 percent, when compared to water-swgllable polymers that
are not contacted with. a hydrophobi¢ﬁdedustingﬂagent.

15 More specifically, the aqueous fluid employed in thé
surface tension test disclosed herein is a 0.9 percent
NaCl solution and the other fluid is air.

As used herein, the term “unassociated dust*®
means the measurable portion of a.waﬁér-absorbent polymer
20 particle composition having a maximum diameter less than
or equal to 10 microns, which‘porti¢h is rendered airborne
when air is applied to the composition. More
specifically, the air is applied and the portion is
measured using a pulsed-jet dispersé@ described below.

25 : As used herein, the term “ghysical coating"®
means that a coating of the anticakin agent and the
dedusting agent (if present) in contact with the polymer
particles and dust (if present), is%ﬁbt chemically reacted
with the polymer, for example, no:céﬁélent surface

30 crosslinking reaction occurs betweeq;ﬁhe anticaking or
dedusting_agent'and the polymer parti?les or dust.

As used herein, the term ﬁéliphatic hydrocarbon*
includes straight- or branched—chaiﬁ{alkyl, alkenyl, and
alkynyl groups which may have linkages such as silicon

35 (-Si-) or oxygen (-0-) within the ghain. The aliphatic
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hydrocarbons may be unsubstituted:dr substituted with
inert substituents. ' '

As used herein, the term "aryl group" includes
condensed aromatic rings such as phényl, naphthyl,
phenanthryl, and anthracenyl whlch are unsubstituted or
substituted with inert substituents.

As used herein, the term “inert substituent”
means a substituent which is inert, that is, non-reactive
to its environment. The environment to which the
substituent is'inert includes the water-absorbent polymer
particles and the agueous liquid in which it is to be
dissolved or dispersed. Included among inert substituents
aré, for example, halogen groups such as fluoro, chloro,
and bromo, hydroxy groups, and alkoxy groups.

The water-swellable or lightly crosslinked
hydrophilic polymers that are employable in the present
invention .can be any of the known hydrophilic polymers _
which are capable 6f absorbing large quantities of flulds.'

~ In particular, water-absorbent polymers useful in this

invention are water-absorbent polymers which contain
carboxyl moieties. Preferably, at least 0.01 equivalent
of carboxyl groups were present per 100 grams of the
water-absorbent resin. '

Among preferred carboXyl;pontaining water
absorbent polymefs'are hydrolyzatésnof starch-
acrylonitrile graft copolymers, partially neutralized
products of starch-acrylic acid or;étarch-polyvinyl
alcohol graft copolymers, saponificgtion products of wvinyl
acetate-acrylic ester copolymers, dérivatives of
copolymers of isobutylene and maleLC anhydride,
hydrolyzates of acrylonitrile copoi&mers, crosslinked
products of hydfolyzates of acryioﬁitrile copolymers,
crosslinked carboxy-methyl cellulose, hydrolyzates of
acrylamide copolymers, crosslinked products of
hydrolyzates of acrylamide copolymeré; partially
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neutralized products of polyacryiié:acids and crosslinked
products of partially neutralized polyacrylic acids.

Examples of some suitable polymers and
processes, ineluding gel polymerizetion processes, for
5 preparing them are disclosed in U.S. Patents 3,997,484;
3,926,891; 3,935,099; 4,090,013; 4f093,776; 4,340,706;
4,446,261; 4,683,274; 4,459,396; 4,708,997; 4,076,663; and
4,190,562. Such hydrophilic polymers can be prepared from
water-soluble a,B-ethylenically unsaturated monomers such
10 as monocarboxylic acids, polyCarbo#Ylic acids, acrylamide
and their derivatives. Suitable a;B-ethylenicelly
unsaturated monomers include, for example, acrylic acid,
methacrylic-acid,.crotonic acid, isocrotonic acid and
alkali metal. salts and ammonium .salts thereof; itaconic.
15 acid, acrylamide, methacrylamide and 2-acrylamido—é-
methyl-l-propane sulfonic acid and its salts. The
preferred monomers include acrylic acid and methacrylic
acid and their respective salt forms such as alkali metal
or ammonium'salts. The water—soluble monomers useful in
20 - the present 1nventlon may be usé€d ‘ifi amounts Yahging from
10 percent to 80 percent by welght.baseo'on the total
weight of tﬁefaqueous ﬁongher solution. 'Preférebly, tﬁe
amount ranges from 15 percent to 60 percent based on the
total weight of the agueous monomer -solution.

34
v

Optionally, minor amounts;of other water-
soluble, unsatﬁrated monomers, such es alkyl esters of
acid monomers, for example, methyl acrylate or methyl
methacrylate, may be present 1n the, water absorbent
polymer. 1In addltlon, certain. graftlng polymers, such as,
30 for. example, polyv1ny1 alcohol, starch and water soluble
or swellable cellulose ethers may be employed to prepare
products havrng superlor propertles Such grafting
polymers, when employed, are used. 1n amounts up to about
10 weight percent based on the ajB;ethylenlcally

w
wn

unsaturated monomer. Further, 1t may be advantageous to
include a chelating agent to remove trace metals from .
solution, for example, when a metal reactlon vessel is

employed. Oneféuch chelating agent is VERSENEX™ V-80
-6- S
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(Trademark of The Dow Chemical Cempany) an agqueous
solution of the pentasodium salt of diethylenetriamine
pentaacetic acid. Such chelating.agents, when employed,
are generally used in amounts between 100 and 2000 ppm
based on the'a,B—ethylenically unsaturated monomer.

It'is desirable to obtain a level of conversion
of monomer to polymer of at least. about 95 percent.. The
polymerization may be carried out u51ng acid monomers that
are not neutralized or that have been neutralized or
partially neutralized prior to the_polymerlzatlon.
Neutralization is conveniently achieved by contacting the
agueous monomer-with an amount of basic material
sufficient to neutralize between_éb;and 95 percent of the
acid groups present in the acid monomers. Preferably, the
amount of basic material will be sﬁfficient to neutralize
between 40 percent and 85 percent, and most preferably
between S5 percent and 75 percent of the acid groups
present in the acid monomers.'.Wheg_pre—neutralizing the
monomer solution, it.is important to control the
neutralizationlconditions so that the heat of

‘neutralization ‘does not cause theeﬁremature polymerization

of the monomer mixture. The neutralization is
advantageously carried out at temperatures below 40°C,
preferably at temperatures below 35°C.

Compounds which are useful to neutralize the
acid groups of the monomer are typioally those which will
sufficiently neﬁtralize the acid'groups without having a
detrimental effect on the polymerlzatlon process. Such
compounds 1nclude alkali metal hydrox1des, and alkali
metal carbonates and blcarbonates,_JPreferably, the
material used to neutralize the moﬁomer is a sodium or
potassium hydroxide or carbonate.';;h determining the
desired degree of neutralization, éare must be taken to
ensure that the pH of the resulting3Crosslinked absorbent
polymer, which will be contacted w1th or dispersed in an
aqueous fluid to be absorbed, 1s malntalned in a range
appropriate fo?;the applications for which the polymer is

intended. Alternatively, the polymerization may be
. --’_ i B - .
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carried out ghpléying unneutrali%%é monomers and
thereafter neutralizing, as is known in the art.

_ Convéniently, a conventional vinyl addition
polymerizatioh'initiator is used iﬂ”the polymérization of
5 the water- soluble monomers and the crossllnklng agent. A
free radical polymerization 1n1t1ator which is
suff1c1ently.soluble in the monomeg;solutlon to initiate
polymerization is preferred. Forfé?ample, water soluble
persulfates such as potassium peréulfate, ammonium
10 persulfate, sodium persulfate, andgcther alkali-metal
persulfates, hydrogen peroxide andtﬁater soluble azo-
compounds such-as 2,2'-azobis (2-aﬁidinopropane'HC1) may
be used. Scme of these 1n1t1ators, ‘such as hydrogen
peroxide, can be combined with reductng—substances-guch as
15 sulfites or'aﬁines to form known rééox initiator systems.
The total amount of initiators used{may range from 0.01 to
1.0 weight bercent, preferably 0.01 to 0.5 weight percent,
based on the total weight of a,B—etyylenically unsaturated

monomer reactants.

20 The water-absorbent resin will preferably be.
lightly crosslipked to render it Wéﬁefginsoluble and’
water—swellable; The desired croséiinked structure may be
obtained by the copolymerization of the selected water-
soluble monomer and a crossllnklng agent possessing at

25 least two polymerlzable double bond§_1n the molecular
unit. The crosslinking agent is p;ésent in an amount
effective to Crésslink the wate#-sniuble polymer. The
preferred amount of crosslinking agent is determined by

the desired degfee of absorption cabacity and the desired

30 strength to retain the absorbed fluld that is, the
desired absorption under load (AUL); Typically, the
crosslinking agent is used in amouups ranging from 0:0005
to 5 parts by weight per 100 parts by weight of a,B-

ethylenically.unsaturated monomer
33 - the amount ranges from 0.1 to 1 part by weight per 100
parts by weight ‘of the a,B-ethylenically unsaturated

sed. More preferably,

monomer. Usually, if an amount'ovef'about 5 parts by

weight of crossllnklng agent per 100 parts is ‘used, the
-8- i
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resulting,polymer has too high a crésslinking density and
exhibits a reduced absorption capaeity and increased
strength to retain the absorbed fluid. 1If the
crosslinking agent is used in an amount less than about
0.0005 part by weight per 100 parts, the polymer usually
has too low a crosslinking dens1ty,ﬂand when contacted
with the fluid to be absorbed becomes sticky and exhibits
a lower initial absorption rate. |

While the crbsslinking agent will typically be
soluble in the aqueous solutioniof.the a,B-ethylenically
unsaturated monomer, the crosslinking'agent may be merely
dispersible in such a solution, withput negative
implications. The use of such dispersing agents is .
disclosed in U.S. Patent 4,833,222..tSuitable_dispersing
agents include carboxymethyl cellulee suspending aids,
methyl cellulose, hydroxypropyl cellulose, and polyvinyl
alcohol. Such dispersing agents are typically provided at
a concentration between 0.005 and 0 1 weight percent,
based on the total weight of a B—ethylenlcally unsaturated ..
monomer reactants

Typical crosslinking agents include monomers
having in one molecule 2 to 4 groups:selected from
CH,=CHCO-, CH,=C(CH,)CO- and CH,=CH-CH,-. Exemplary
crosslinking agents are diacrylates and dimethacrylates of
ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, 1,4;butanediol, 1,5-pentanediocl, 1,6-
hexanediol, neopentyl glycol, trimethYlolpropane andg
pentaerythritol; triacrylates and trimethacrylates of
trimethylolpropane and pentaerythritql; highly ethoxylated
trimethylol propane triacrylate; tetracrylate and
tetramethacrylate of pentaerythritoi; and
tetraallyloxyethane. As noted in W0:93/05080, published
on March 18, 1993, certain crossiink;ng agents vield
particularly'preferred absorptive pﬁSberties. Such
preferred crosslinking agents includé
methylenebisacrylamide, bis(acrylamido)acetic acid and its
salts, allyl acrylate, allyl methacrylate, and esters or

amides having both a vinyl and an allyl functionality.
9. _
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Other partiiilarly preferred cros&linking agents and
methods include those disclosed in ‘WO 94/20547, published
on September- 15, 1994. Such prefeéted crosslinking agents
include'mixtures of polyvinyl“compoﬁnds such as, for
example, highly ethoxylated trimethylolpropane triacrylate
and allyl methacylate, and polyglycols such as, for
example, polyethylene glycol. 5 |

In a preferred embodiment?for making polymers
useful in the practice of this inveﬁtion, an aqueous
solution of the h,B—ethylenically.uhsaturated monomer in
the partially'heutralized form, the crosslinking agent,
the 1n1t1ator and a grafting polymer substrate, if
desired, is prepared. The polymer;zatlon of the mixture
may be carried.out by methods wellfknown to those~skilled
in the art. The'resultant polymerfis typically pre-sized
and dried us;hg.means well known idfthe art.

To improve absorptive propertles, the dried
partlcles may be heat treated in accordance with the

procedures set: forth in WO 93/05080 publlshed on March -

18, 1993 and/or WO 94/20547, publlshed on September 15,
1984. 1In partlcular, the dried particles are heated for a

- time sufficient to increase the modﬁius; centrifuge

capacity, and/orithe absorbency unae} load. An oxidizing
agent, such as'a'bromate, chlorate, - ‘chlorite, or mixture
thereof, may be ﬁnlformly dlstrlbuted within the water
absorbent polymer prior to such heat treatment to enhance
one or more of the preceding propertles. Such heat

t a temperature of at
least 170°C, lmore_preferably of at least 180°c, and most

treatment 1s 'referably carried ou

preferably of afhleast 190°C. Such heat treatment is
preferably carrled out at a temperahire of less than

250°C, more preferably less than 240°C

The'tlme period for heat eatment should be
sufficient to effect an 1mprovementfin absorptive
propertles. The exact times of he treatment required
will be affected by the equipment. h__sen. and can be
determined emplrlcally by examlnatztﬁ of product

-10-
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properties. Preferably, the time is at least 3 minutes,
and more preferably at least 5 minutes.' If the time is
too long, the process becomes unecohomical and a risk is
run that the absorbent resin may be damaged. Preferably,
the maximum time of heating is 150'minutes or less, more
preferably 60 minutes or less.

The method of heat treatment is not critical.
For example, forced air ovens, fluidized bed heaters and
heated screw conveyors may be successfully employed. 1If
desired, the heated polymer may be remoisturized for ease
in handling. While such remoisturization may serve to
decrease the amount of unassociated;dust, it may lead to
clumping of the polymer product.

Another way to improve absorptive properties of
the polymer particles.may be to su#face crosslink the
polymer particles. Procedures for surface crosslinking
are well known in the art and described in, for example,

_ ‘DE 4244548, DE 4020780, EP 605150, and U.S. Patents
"4,734,478 and 4,666,983. These procedures, like heat
-~treatment, may increase th?:mbdulusﬁicentrifuge capacity,

and/or the absorbency under load of the polymer particles.

The dried, sized and optiénally heat-treated or
optionally surface crosslinked polymer particles are then
contacted with an effective amount of an anticaking agent.
It is critical that the polymer paf;icles not be in the
form of a gel, that is, have less #han 30, preferably less
than 20, more preferably less than;ébout 10 weight percent
water, before contacting them withﬁﬁhe anticaking agent.
If the anticaking agent is contacted:with polymer
particles in gel form then the anti¢aking agent is likely
to combine with water and be absprbéd further into the
interior of the polymer particles.fﬁif this occurs then
the anticaking properties of the pﬁfticles are reduced
because the anticaking agent is notfat the surface of the
particles. '
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It is also critical to fHis invention that the
polymer particles not be subjected to temperatures above
100°C after the particles are contected with the
anticaking agent. This is due to the fact that the

5 anticaking agéent may vaporize or'dégrade at higher
' temperatures. Therefore, if a drylng step and/or a heat
treatment step is to be undertaken whlch will subject the
particles to temperatures above 10Q9C, then the drying
and/or the heat treatment steps shoﬁld be accomplished
10 before the particles are contacted with the anticaking
agent. |

The anticaking agent physically coats the
polymer particles and serves to diminish the adhesion of
the polymer.particles to each .other and to'machinery or

15 vessels with which the polymer particles come into‘
contact. The polymer particles Wiilcnot suffer
significant decreases in flowability nor undexrgo
significant caking upon moisture aﬁsprption. After
contact with an effective amount-offenticaking agent at

“ta0 - ° ‘least 75, preferably at least 90, more preferably at least

95, most preferably at least 99 percent of the partlcles
should be. non—caklng polymer partlcles accordlng to the
test disclosed herein entitled "Caking Test."

As defined herein, thefterm *effective amount of
25 an anticaking agent® means an amount.of a cationic
snrfactant, for:example, a sulfonium, phosphonium, or
gquaternary ammonium compound, which, when applied to the
polymer particles, renders at leést“?S preferably at
least 90, more. preferably at 1east 95 most preferably at
30 least 9S percent of the partlcles non caking according to
the "Caking Test.® Although thls effectlve amount will
vary depending upon the polymer,_the antlcaklng agent, and-
the amount of moisture, typically the amount is at least

100, preferably at least 500, more_preferably at least

35 - 1000 parts pexr million of antlcaklnfgagent based on the

weight of the polymer partlcles.g ._ically, this amount

is at most SOQO, preferably at mes FiOOO, more preferably

- 1.2-
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at most 3000 ‘parts per million of anticaking agent based
on the weight of the polymer particles.

Preferably, the cationic surfactants useful as
~ anticaking agents are quaternary _a{g\;nonium salts which are
5 represented by the formula I: '

R;

R;———N ® —R; X ®
L 0
wherein R, and R, are independently a C,-C,, aliphatic
hydrocarbon, a C,-C, aliphatic hyd:_r__ocarbon substituted with
an unsubstitii_’téd‘ aryl group, a C,-C, aliphatic hydrocarbon
10 substituted with an aryl group- substituted with a C,-C,.
aliphatic hydrocarbon, or a phenyl' group; R, is a C,-C,
aliphatic hydrocarbon or a phenyl group, and R, is a C,-C,,
aliphatic hydrocarbon, a C,-C, aliphatic hydrocarbon
subst:.tut:ed with an unsubstituted aryl or a C, C
15 ' -allphatlc hydrocarbon subst:.tuted w:Lth an aryl group
substituted wlgh a C,-C, _a,:_l,-_lphatlgf_;_;Jj}ydrocarbon, or R, is a
radical represented by the formula’__":iI:

Re m

wherein R, is a C,-C,alkylene group; R, is a C,-C, aliphatic

20 - hydrocarbon or a phenyl group; R, and R, are independently '
-a C,-C,, aliphatic hydrocarbon, a C,-C, aliphatic
hydrocarbon substituted with an unsubstituted aryl group.
a C,-C, aliphatic hydrocarbon substituted with an aryl
group substit-uted with a C~C,, aliphatic hydrocarbon, or a

25 phenyl group; or R, and R, t:aken together with the nitrogen
atom forms a rlng selected from the .group consisting of
pyrrolidine, pyrrollne, pyrrole, pyrazole, triazole,
indole, piperazine, piperidine, moz_fphollne. and
hexahydroaz'ep_in_e: or R, R,, and R, taken together form a

30 ring selected from the group consisting of pyridinium and

-13-
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together fo¥M a ring selected frofi ithe group consisting of
pyridinium and imidazolinium; and X® is an anion; with the
proviso that if R, is not the rad1ca1 represented by

.+ R,, and
R, must be at least 15 and if R‘lsﬁphe radical represented
by formula II, then at least one of R, R, R,, and R must

3 7

formula II, then the sum of the carbons in R,, R

" have 8 or more carbon atoms.

A preferred embodiment is' the above formula in
which R, is an aliphatic hydroca:bép;having at least 16
darbon atoms such as hexadecyl, -bctédecenyl octadecyl,
docosanyl, docosenyl and natural product derivatives such
as tallow, soy, and rape seed; R, is an alkyl group having
1 to 6 carbons such as methyl, ethyl 2-hydroxyethyl, 3-

‘hydroxypropyl,. 2= (2~ hydroxy-ethyloxy)ethyl or 3—(3-

hydroxypropyloxy)-propyl and R, and R, are independently
an alkyl group having 1 to 6 carbon§ such as methyl,
ethyl, 2-hydroxyethyl, 3-hydroxypropyl, 2-(2-
-hydroxyethyloxy)ethyl, or 3-(3-hyd§qupropyloxy)—propyl
or an alkyl,group having 1 to 4 cag%on atoms substituted

- with a phenyl:such a benzyl or pheﬁéthyl group.

Aﬁéﬁhér'préféfreéﬂembodiméht is the above
formula in whlch R, and R, are 1ndependent1y an aliphatic
hydrocarbon hav1ng at least eight carbon atoms such as
octyl, decyl, @Qdecyl, tetradecyl _hexadecyl octadecenyl,

octadecyl, docosanyl, docosenyl, orf_atural product
derivatives such as tallow, soy. and rape seed; R, is an
alkyl group hav1ng one to six carbon atoms such as methyl,
ethyl, 2-hydroxyethyl, 3—hydroxypropy1 2-(2-
-hydroxyethylbﬁY)ethyl or 3-(3- hydroxypropyloxy)—propyl
and R, is an alkyl group having 1. to:6 carbons such as
methyl, ethyl, 2-hydroxyethyl, 3- hydroxypropyl 2-(2-
—hydroxyethyloxy)ethyl or 3-(3- hydroxypropyloxy)-propyl
n atoms substituted
with a phenylfsuch as benzyl'ofjﬁh :éthyl group.

Yet another preferred_gmbg_iment is the above
formula wherein R, is the radicalfréﬁfesented by formula

II; R, is an aliphatic hydrocarbon ﬁéving at least 8

-14-
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carbon atoms such .as octyl, decyl dodecyl tetradecyl,
hexadecyl, octadecenyl, octadecyl docosanyl, docoéenyl,
or natural product derivatives such as tallow, soy, and -
rape seed; R, and R, are independently an alkyl group
having one to six carbon atoms suchzas methyl, ethyl,
2-hydroxyethyl, 3-hydroxypropyl, 2-(2-hydroxy- .
ethyloxy)ethyl, or 3-(3-hydroxypropyloxy)-propyl; R, is a
C,-C, alkylene such as ethylene, prdpylene, or butylene;
and R,, R, and R, are independently a C,-C, aliphatic
hydrocarbon such as methyl, ethyl, 2-hydroxyethyl,
3-hydroxypropyl, 2-(2-hydroxy-ethyloxy)ethyl, or 3-{3-
hydroxypropyloxy) -propyl, octyl, de@?l, dodecyl,
tetradecyl, hexadecyl, octadecenyl{.bctadecyl, docosanyl,
docosenyl, or natural product,derivaﬁives such as tallow,
soy, and rape seed or alkyl groups having 1 to 4 carbon
atoms substituted with a phenyl_such as benzyl or
phenethyl.: .

Preferably, X’ is'a halidefsuch as chloride (C1%)
or a methyl sulfate gxoup (MeSPf)-L;;

. For ease of contactlng the antlcaklng agent’ with
the polymer particles, it is preferable to utilize the
anticaking agent in a liquid form. Because the quaternary
ammonium salts used as anticaking agents have relatively
low melting points, the anticaking agent may simply be
heated above its melting point to form a liquid which is
then applied to the polymer. However, if heat is employed
then the temperature should not be raised above the
anticaking agent's boiling point. For this reason, it may
be more preferable to dissolve the anticaking agent in a
solvent which is a liquid at room temperature. Although
not required, it may be advantageou§ if the solvent which
is employed is readily removed fromgphe polymer particles,
for example,”by eﬁaporation. In this manner solvents
which may affect the surface tehsion;of an aqueocus fluid
in equilibrium with the polymer,;caq%be removed and the
surface tension can be substantiélly;haintained;or
increased; Useful solvents include_$uch compounds as

water, alcohols, ethers, ketones, and mixtures thereof.
: -13- )
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utilize the hydrophlllc dedusting compounds of WO 94/22940
as solvents. By employing hydroph;llc compounds of WO
94/22940, such as polyether polyols, as solvents, one may
5 obtain an anticaking compoundfwhichfalso has reduced dust.
The solvent should be employed in an effective amount to
serve as a dedusting agent as definéd below. The
hydrophilic dedusting compound may be employed in amounts
which do not substantially affect fhe surface tension of
10 an agueous fluid in equilibrium wi;h_the polymer and air
or in greater amounts if the hydrdﬁpilic dedusting
compound readily evaporates. - '

Another particularly preferred embodiment may be
to utilize hydrobhobic compounds. as solvents or as
15 co-solvents with the hydrophilic compounds. Hydropﬁobic
compounds disclosed below serve as dedﬁsting agents while
substantially maintaining or increasing the surface
tension of an agueous fiuid in equilibrium with the
polymer and air. Exeﬁblary hydrophobic compounds often
- 20 include aliphatic hydrocarbon oilsﬁ;Such“&s mineral oil,
and alkanes or alkenes hav1ng betw én 7 .and 18 carbon
atoms optlonally substituted with" _OH' CK%H or esters

thereof. Natural oils such as castor, corn, cottonseed,

olive, rapeseed, soybean, sunflower, other vegetable and
25 animal oils, as well as esters, alcohols, and acids of the

oils are useful ‘in the invention as well as silicone oils

of similar viscdsities. When hydrophobic compounds are

employed as solvents they should belemployed in an

effective amount to serve as a dedusting agent as defined
30 below. ' B

_ - If. a solvent for the anticaking material is
employed which does not also serveras a dedusting agent,
"may be desirable to

or if no solvent is employed theni
contact the dried and optlonally heat treated or

35 optionally surface crosslinked partlcles with an effective
amount of a dedusting agent. Thé'ééntacting with the
dedusting agent may be employed elther before, after, or

simultaneously as the anticaking agent The dedusting
. -16-. -
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agent will serve to adhere the dusé'to the larger polymer
particles or to the walls .of the mixing vessel or '
container in which the polymer is ietained during
handling, which will translate. to'reduced levels of
unassociated dust in the flnlshed polymer product at the

- wvarious stages of handling. Moreover, the application of

the dedusting agent to the polymer;samples does not affect
the performance or properties of the polymer.

Useful dedusting agents are hydrophilic
compounds such as those disclosed in WO 94/22940, for
example, polyeﬁher polyols, and'hydrophobic compounds such
as aliphatic hydrocarbon 6ils, suqh_as mineral oil, and

. alkanes or alkenes having betweene7 and 18 carbon atoms

optionally substituted with -OH, -{xgﬂ or esters thereof.
Natural oils such as castor, corn,;eottonseed, olive,
rapeseed, soybean, sunflower, otheﬁ vegetable and animal
oils, as well as esters, alcohols, and acids of the oils
are useful as well as sllicone_oils of similar
viscosities. The above¢compoﬁgas-maytbe:employed-in'
purified form, in solutions, or_ln{mixtures._

As defined hereln, the term “effective amount of
a dedusting agent“ or ”effective"éﬁeunt to serve as a
dedusting agent" means an amount of a material which, when
applied to the polymer material,'redﬁces the concentration
of unassociated dust having a diameﬁer of less than 10
microns by at least 80, preferably at least 90, more

_preferably by at least 95, and mostnpreferably by at least

99 percent and/bt which produces dedusted compositions
comprising less than 7, preferably less than 5, more
preferably less than 2.5 ppm unassoc1ated dust having a
maximum dlameter less than or equalHto 10 microns. This
amount will vary based upon the amo@gt of dust initially
present, the type of water-absorbenﬁ;polymer, and the
dedusting agent employed -Generally, the amount of
dedusting agent is at least 100, preferably at least 200,
more preferably at least 300 ppm based on the weight of
the polymer parplcles. The amount_;s generally, less than

-17-



WO 97/37695 PCT/US97/05055

4000, preferably less than 2000, idre preferably less than
1000 ppm based on the weight of the polymer particles.

As mentloned above, if a- dedustlng agent is to
be employed, then the dried, slzed,_and optionally heat

5 treated, or optionally surface crosslinked polymer
particles may be contacted with thefdedusting -agent either
before, after or: 51multaneously as the contact with the
anticaking agent. The dedusting agent may also be
employed as a solvent for the anticaking agent. 1In any

10 event, both the antlcaklng agent and the dedusting agent
should be contacted with the polymer particles under
conditions such that the particles can be easily coated
with the agents. Preferably, such contacting will be
conducted by spraying the agents onto the polymer. or..

15 immersing the. polymer in the agent followed by some form
of mechanical distribution, such that adequate
distribution of the agents on the water-absorbent resin
particles occurs. If spraying, then it may be preferable
to utilize an air atomizing nozzle ahd mix a fluidizing

200 amount of water with the*agentsrtoﬂﬁetteridistribute;the
agent. Typically, the amount of water is less. than 5.,
preferably less than 4, more preferably less than 3 weight
percent based on the weight of the agents. Thé amount of
water is more than 1, preferably more than 2 weight

25 percent based on the weight of the agents Examples of

' blending equlpment/processes 1nclude551mple tumbling of a
jar, or blending in a conical dryer{iribbon blender, drum
tumbler or paddle blender. Moderate stirring, shaking, or
even a short dlstance of conveylng 1n a screw-conveyer can

30 be sufficient for such adequate dlstrlbutlon of the agent
or agents over the particles, partlcularly if the
particles are at an elevated temperature. Moderate
grinding will also suffice, but is not necessary. The
type of contacting employed may be the same or different

35 for the antlcaklng agent and the dedustlng agent if the

o - polymer partlcles are contacted w1th the anticaking agent
and dedusting agent at separatejtlmes.

-18-
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The'temperature of contadting the agents can be
any temperature at which the agent does not evaporate,
solidify, become too wviscous, or.: s1gn1f1cantly react with
the carboxyl moieties of the absorbent resin polymer.

Such temperatures are typically from 20°C to 150°cC,
preferably from 20°C to 60°C. Ittshould be noted that
elevated temperatures, that is,.thdse above ambient
temperature, that is, above 25°C;dihprove the speed of
coating of the particles. Howeverk'if the temperature
embloyed is between 100°C and 150°C then the time of
contacting should not be so long that the agents degrade.
Typically, if the temperature remalns elevated for less
than 5 minutes, preferably less than 3 minutes, no
significant degradatlon will occur.

The superabsorbent polymers of this invention
are useful in the manufacture of moisture absorbent
articles, such as disposable diapers, sanitary napkins,
incontinence garments and bandages;:'The superabsorbent

compositions. of this invention arefxarticularly useful in

the manufacture of thin and ultra t_in disposable diapers_
ence capacity, fluid

distribution propertles and reduced leakage.

The absorbent articles of;the invention may
comprise from 5 percent to 95 percent by weight of the
superabsorbent polymers of the invention. In a typical
absorbent article, the superabsorbeﬁt polymer of the
invention may be. dispersed in a fiber matrix in which the
superabsorbent 1s present in an amount from 30 to 70

weight percent' and the fiber matrix comprising 70 to 30
weight percent of the article. In;another form of
absorbent article, the superabsorbent may be present in a
containment structure in which the superabsorbent polymer
is present in an amount of 30 to- 95$percent by weight.
Comb1nat1ons of dispersed superabsorbent polymer and

contained superabsorbent polymer are also known.

The superabsorbent polymers of this invention
can be used in the manufacture of absorbent articles such
g 19 U
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as those deséribed in U.S. Patent® 3,669,103; 3,670,731;
4,654,039; 4,699,823; 4,430,086; 4,973,325; 4892,598;
4,798,603; 4,500,315; 4,596,567; 41676,784; 4,938,756;
4,537,590; 4,935,022; 4,673,402; 5,061,259; 5,147,343;

5 5,149,335; and 5,156,902. '

The process used to measure the amount of caking

at a particular moisture level is éalled the "Caking
Test." Utilization of this test:aliows one to determine
the effectiveness of an anticaking agent by determining

10 the amount of moisture a sample may absorb and still be
free-flowing. The test involves prlacing a desiccator, for
example, a Cole-Parmer catalog #G-08904-00, into an oven.
The desiccator is maintained at 80 percent humidity by
‘placing a straight-sided evaporatioh@dish containingma

15 saturated solution of potassium bromide inside the.
dessicator. The oven is maintained at 40°cC. Five-gram
samples of each dried, that is, less than 5 percent water
by weight, superabsorbent polymer to be tested are placed
in an aluminum foil pan or plas;ic weigh dish measuring 6

2204 - - centimeters in diameter and 15 ceﬁﬁimeters*déep?fTThe pan
is removed from the dessicator after?an amount of. time .
‘sufficient for the samples to reach'fhe desired moisture
level to test. The samples are weighed to determine the
moisturized mass and then allowed to cool to room _

25 temperature. While slightly agitating, for example, by
lightly tapping, the sample'is screened through a No. 8
U.S.A. Standard Testing Sieve (2.36 millimeters). The
amount which passes through the sieve is weighed to
determine the mass of the non—cakingfpolymer particles.

30 The percent of the particles which are non-caking is then
determined by the  following formﬁla:; Non-caking percent =
(mass of non-caking polymer particles/moisturized mass) X
100. The moisture level in percent?ﬁay be determined by
the following formula [(moisturized'mass - weight of

35 initial sample)/weight of initial sample)] x 100.

The “Dust Test,” that is, the process for
measuring the amount of unassociated dust having a

diameter less than a predetermined size present in a
-20- o
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water- swellable polymer comp051tlon, is described below.
In the case of the examples, the measurement process was
used to determlne the amount of unassoc1ated matter having
a maximum size less than or equal to 10 microns. The
process is applicable, however, to measure the amount of

unassociated dust having a diameter ‘less than other
predetermined sizes, the predetermlned sizes typically
consistent with either the manufacturer’'s or the

purchaser’s specifications. The process comprises:

(a), placing the composition into the sample
~ holder of a pulsed-jet disperser;

(b) blasting the composition with air dried by
passage through3deﬁydration means; and

{c) determining the welght of particles in each
" of a plurality of sxze increments.

Dehydratlon means are sultable to reduce the
amount of water Ppresent in the air to .be used to blast the ;-
polymer comp051tlon. Suitable dehydratlon means 1nclude

mpleculax: Sieve cartridges, de551cat1ng materials and

membranes. An espec1ally preferred dehydratlon means 1s a
molecular 51eve cartridge.

The;dust levels of the coated samples may be
measured as follows. Approximately 0.01 to 0.2 grams of
the sample to be tested is placed fn'the sample holder of
a pulsed-jet disperser for example, an AEROSIZER™
available from: Amherst Process Instruments {(Hadley,
Massachusetts): The pulsed-jet dlsperser is fitted with a

250 micron screen to prevent particf”s greater than 250

microns in diameter from entering detector. The air
delivered to the pulsed-jet disperser is filtered using
the factory supplied filter and is dried using a molecular

sieve cartridge. The samples aref lasted with the dried

.air, with the exhaust stream belnqu;rected to the

detector and aﬁalyzed until the instantaneous count rate
decays to less .than 20 particles per second on the low

sensitivity settlng of the detector
. 221-
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Medburements are made 6ri separate portions of

the samples and are averaged. 'Forjéach portion, a
determination is made of the tota;fhumber of particles in
each of 500 size increments evenlyfdistributed

5 logarithmically from 0.2 to 200 microns, the instrument
exhibiting an approximate lower level of detection of 0.5
microns. The weight of material iéﬁeach of these size
increments is calculated using the following equation:

Weight = (number of partiéles in an
10 increment)(density)(n)(particle diameter)’/6.

For sodium polyacrylate'shperabsorbent
- materials, the density is assumed to be 1.60 g/cm’.

The aggregdte weight of’dﬁhssbciated"matériﬁi

less than 10 microns is designated height This weight

dus: *
15 is compared to the weight of_samplqjoriginally introduced
into the disperser, that is weight,_,. . The percent dust

is determined in accordance with the following equation:

- Weight-percent dust (%) = .
100 (weight_ )/ (weight ).

dust sample

20 . ' The "Surface Tension Test," utilizes a Du Noiy
tensiometer, for example, a Processor Tensiometer K12™
from Kriiss. The preparation of an agueous fluid to be
measured, in equilibrium with the ap50rbent polymer and
air, has been substantially adapted from U.S. Patent

25 4,654,039, One gram extracts of_eaéh of the above
absorbent poiymérs, that is, the c@étrol {untreated)
absorbent pdlymer and the absorbent;éolymer treated with
hydrophobic dedusting agents, is shgken with 200 grams of
a 0.9 weight percent NaCl solutionfﬁb simulate a urine

30 solution. The surface tension is'tﬁén measured with the
tensiometer.‘ >

Example T

A test was conducted to examine the non-caking
percent, moisture level in percent},and dustiness of

-22-
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water-swellable polymers and the5ﬁ"“face tension of a

liquid in contact with said polymers

A water-swellable polyme:fwas obtained which had
been dried to about 5 percent moisﬁﬁte. The polymer was
ble from The Dow
2 ‘percent neutralized
of anticaking agent,
“opropyl alcohol except
‘to samples of the
polymer at 25°C. The coated partlcles were then rolled
for 60 minutes to distribute the agept on the particle

Chemical Company), a heat- treated
polyacrylate. A predetermined: amof
as shown in Table I, dissolved in i
where indicated, was added dropwxsi

surfaces. The non~caking percent éﬁg moisture level (in
percent) during the Caking Test we as described
below 10

_ Test above.
The surface tension was measured as descrlbed in the
Surface Tension Test above. The results with respect to

each sample are set forth in Table I. Table IA describes

in the Caking Test above. The amo

microns was measured as descrlbed :

the surfactants used as antlcaklng‘fgents exemplified in .

Table I ARQUAD“ and ETHOQUADm are rademarks of Akzo
Nobel Chemlcals “Inc. KEMAMINE“ is a'trademark of Humko
Chemlcal D1v1s1on, Witco cOrporat;oqw

23



. TABLE I

Anticaking Agent - Amount of Non-caking] Moisture | Amount of Dust | Fluid Surface.
Anticaking Agent | o )| Level (ppm based on Tension
(ppmbasedon |P /| Percent (%) polymer) (dynes/cm)
polymer).
CONTROL | 0000 | 0.00% | 24.60% 53, | 662
_ARQuAD=2c7s() | 1000 — |799.84% | 22.00% | 042 | 652
ETHOQUAD™T/12:75(2) = 1000 =~ | 99.07% | 28.40% ~ 0.68 65.1
ETHOQUAD™ 0/12 (3) - 1000 99.38% 30.00% 7.8 67.0

S6ILE/LE6 OM

ARQUAD™ 12-33 (4) 1000 89.59% | 23.00% 26 - 64.9
ARQUAD™ 16-50 (5) 1000 ~ 100.00% | 24.60% 33 61.9
ARQUAD™ 18-50 (6) 1000 99.84% | 25.00% 4.7 68.0

ARQUAD™ $-50(7) 1000 97.22% | 2960% |  0.091 , 65.3

ARQUAD™ 550 (7) 1000 - | o676% | 2960% | 045 ] 632

“Kemamine™ Q2983 () | 100 - 1°99.03% | 2420% | 023 |
emamine' Q2983-C(8). - . |- 73007 | 100,00% Jo2020% o9 ]

TTARQUAD™ 1237W @) 000 | 100.00% | 21.20% 0.50

ARQUAD™ 12-37W (9) : 750 99.83% | 20.20% 0.16

ARQUAD™ 12-37W (9) 500 99.83% 19.40% 0.53

ARQUAD™ T-27W (10) 1000 100.00% 21.60% 0.31 62.9

ARQUAD™ T-27W (10) | - 750 99.67% 20.80% 1.3 62.1

$S0S0/L6SN/LOA




TABLE I (continued)

. | €
- : ; S
Anticaking Agent Amountof : Non-caki Moisture | Amount of Dust | Fluid Surface g
. Anticaking Agent: | ZO% <& ('% Level (ppmbasedon | Tension | §
(ppmbasedori  |P Percent(%)| - polymer) (dynes/cm). | &
polymer) . | | °
ARQUAD™ T-27W (10) 500 - ] 9967% | 2060% |. 053 63.4
5% Active ARQUAD™ 2HT-75PG in H.0 (11) 1000 | 85.99% 25.60% 054 68.2
ARQUAD™ 2HT-75PG (11) 1000 - 99,50% 20.20% - 0.89 j 63.3
ARQUAD™ HTL8-MS (12) 1000°  ° | 100.00% 24.80% 0.094 | 68.1
ARQUAD™ HTL8-MS (12) 300 - 77.13% 26.80% 13. 66.2
ARQUAD™ HTL8-MS (12); 600 ppm Mineral 1000~ 99.84% 25.40% 0.25 64.0
Oil Added | | -
ARQUAD™ HTL8-MS (12); 600 ppm Mineral 300 - 100.00% 21.40% 0.145 65.9
Oil Added _ _ ' '
Kemamine™ Q9702- (13) 1000 98.72% 25.20% 0.11 62.9
2% of 5% Active Q9702-C™ (13)in H,0 1000 99.83% 20.00% 0.65 62.7
-4~ . Kemamine™ Q2802-C (14) 1000 . | 96.72% | 2200% ]  0.095 633 |
[ 2ot Acive Gaatac im0 | 000, | 0000w | zoden 056 | 631 "}

$S0S0/L6SA/LOd
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TABLE IA -

DESCRIPTION OF QUATERNARY SURFACTANTS

PRODUCT NAME

COMMON NAME OF QUATERNARY
7 'SURFACTANT

(1)

Arquad™ 2C-75

ethyl quaternary
ammonium chloride

Di(cocoalkyl)dimi
ide

(2)

Ethoquad™ T/12-75

Tallowalkylmethyl di(2-hydroxyethyl)
ammonium chloride

(3)

Ethoquad 0712

chloride

| Oleylmethyidi(2-hydroxyethyl) ammonium

(4)

Arquad™ 12-23

| Dodecyltrimethyl ammonium chloride

| (5)

| Hexadecyltrimethyl ammonium chioride

(6)

Arquad™ 18-50

‘Octadecyitrimethyl ammonium chloride

(7)

Arquad™ S-50

Soyaalkyltrimethyl ammonium chloride

(8)

Kemamine™ Q-2983-C_

Erucyltrimethyl ammonium chloride -

(9)

Arquad™ 12-37W

Dodecyltrimethyl ammonium chloride

(10)

Arquad wT-27W

‘| Tallowalkyltrimethyl amménium chioride

(11)

Arquad™ 2HT-75PG . -,

Dithydrogenated tallowalkyl)dimethyl

‘quaternary ammonium chloride

(12)

Arquad™ HTL8-MS

'2-Ethylhexylhydrog

_ ogenatedtaliowtrimethy)
ammonium methylsulfate

(13)

Kemamine™ Q-9702-C

Di(hydrogenated tallowalkyl)dimethyl
quaternary ammonium chloride

(14)

Kemamine™ Q-2802-C

Dibehenyldimethyl ammonium chloride

-26-



10

15

20

WO 97/37695 ' PCT/US97/05055

Ex le ITI

A test was conducted to éxamine the non-caking
percent, moisture level in percent, and dustiness of
water-swellable polymers and the surface tension of a
liquid in contact with said polymers..

A water-swellable polymer was obtained which had
been dried to about 5 percent moisture. The polymer was
DRYTECH™ 2035 superabsorbent (available from The Dow:
Chemical Company), a heat-treated,'GZ percent neutralized
polyacrylate{ The polymer was heated to 50°C in a 3-liter
twin shaft, counter-rotating, batch paddle blender.
Agitation was started and a predetermined amount of

‘anticaking agent and/or dedusting agent, as shown in Table

II, the anticaking agent being dissolved in the dedusting
agent except where indicated, was sprayed on the polymer
using an air atomizing nozzle. Agitation was continued
until the mixture-was non—cohesive, from 2 to 15 minutes.
The non-caking’percént and moisture’ level in percent is
measured as’ described in the Caking.Test above. The
amount of dust below 10 microns wasfﬁeasufed as described
in the Dust Test above. The surface tension was measured
as described in the Surface Tension Test above. The
results with respect to éach sample_was set forth in Table
II. In Table II, Q9702C represents Kenamine™ Q9702-C,

" Q2802C repréesents Kenamine™ 2802-C, Voranol represents

Voranol 2070™ polyether polyol available from The Dow
Chemical Company, and “M.O."* represéntS'mineral oil.

27-
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Anticaking
Agent

Anticaking
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( ppm based
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I{(hydrogenated tallow alkyl)dimethyl quaternary ammonlum chloride
‘ (2) Dibehenyldimethyl ammonium chloride
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The anticaking absorbeﬂégpolymers-of the
examples exhibit centrifuge capacities and absorbences
under load (AUL) similar to untﬁ_‘
In view of the description and ex:

a absorbent polymers.

mples, other embodiments
will be readily ascertained by one having skill in the

art. Accordingly, the scopémofiﬁhéiinvention shall be
limited only by the claims set forth below.

-29-
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1. A non-dusty, anti-caking composition

comprising:

a) water-absorbent lightly crosslinked water-
5 insoluble polymer particles;

b) an effective amount of an anticaking agent;
and '

c) from 100 ppm to 6000 ppm based on the weight
of the polymer particles of a hydrophobic
10 dedusting agent.

2. A non-dusty, anti-caking composition comprising:

-

a) water-absorbent lightly crosslinked water-
insoluble polymer particles;

) b) an effective amount of an anticaking. agent;
is and

..»."!' . i - p
> i

c) from 100 ppm to 3000 ppm based on the welght
of the polymer partlcles ‘of a hydrophlllc
dedusting agent.

3. The composition of Claims 1 or 2 wherein the
20 anticaking agent is represented by the formula I:

Ry

R— N ® —R; X®
! ®

wherein R, and R, are independently a C,-C,, aliphatic

hydrocarbon, a C,-C, aliphatic hydrocarbon substituted with

an unsubstituted aryl group, a C,-C, aliphatic hydrocarbon
25 substituted with an aryl group substituted with a C,-C,,

aliphatic hydrocarbon, or a phenyl group; R. is a C,-C,

aliphatic hydrocarbon or a phenyl group; and R, is a C,-C,,

aliphatic hydrocarbon, a C,-C, aliphatic hydrocarbon

-30-
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THIS SHEET HAS BEEN
REPLACED

substltute _uth an unsubstituted. éryl or a C,~C,
aliphatic hydrocarbon substituted w1th an aryl group
subst1tuted_w1th a C,-C,, aliphatic hydrocarbon, or R, is a

radical ra_rasented by the formula II: e

is' Sheet Has Been Replaced

o T

@

" sa C,-C, alkylene group; R, is a C,-C, aliphatic

pYrroline, pyvrrole, pyrazole, triazole,
indole, plpera21ne, piperidine, morpholine, and

hexahydroazep;ne, or R,, 'R,, and R;- .taken together form a

2t

ring selected.from the groug’ consxstlng of pyrldlnlum and
imidazolinium; - and x® is an anion; with the proviso that

if R, is ndf fhe radical represented by formula II then

the sum of -the carbons in R,, R,, R,, and R, must be at
least 15 and if R, is the radical represented by formula

II then a;fiéast one of R,, R,, R,, and R, must have 8 or

more carbon atoms.

4

claims where

The composition of any of the preceding
-n}the anticaking agentfis dihydrogenated

tallow dimet yf:ammonium chloride.

;The composition of any of the preceding
claims whereln the composition comprlses

water absorbent llghtly crosslinked water-
nsoluble polymer particles;
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b)from 60 ppm to 150 ppm, based on the weight of

This Sheet Has Been Replaced the polymer particles, of dihydrogenated.

10

.

20

&

i

s tallow dimethyl ammonium chloride; and
c)from 400 ppm to 600 ppm, baséd on the weight
of the polymer particles, of a polyether

polyol.

6. An absorbent article prepared from the
composition of Claims 1 or 2.

7. A process comprising:

a) preparing a water-swellable hydrogel by a
gel polymerization process;

b} drying and sizing the thus prepared hydrogel
to obtain a compositicon comprising dried and
sized particles; and

c) contacting the composition with an effective
amount of an qnticakinguagennfn

_ 8. The process of Claim 7.wherein the.
composition is heat treated before contacting the
composition with the anticaking agent.

9. The process of any of the preceding claims
wherein the anticaking agent is represented by the formula
I:

R3

R— N ® —R, X©

| o

wherein R, and R, are independently a C,~C, aliphatic

hydrocarbon, a C,-C, aliphatic hydrocarbon substituted with B

an unsubstituted aryl group, a C,-C, aliphatic hydrocarbon
substituted with an aryl group subsﬁituted with a f:._—C22
aliphatic hydrocarbon, or a phenyl é;oup; R, is a C,-C,
aliphatic hydrocarbon or a phenyl group; and R, is a b;%;z
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aliphatic hféf&‘ocarbon, a C,-C, aliﬁﬁétic hydrocarbon
substituted with an unsubstituted aryl, or a C,-C,
aliphatic hydrocarbon substituted with an aryl group
substituted with a C,-C,, aliphatic hydrocarbon, or R, is a
radical represented by the formula II:

e i

wherein R, is a C,-C, alkylene group; R, is a C,-C, aliphatic
hydrocarbon or a phenyl group; R, and R, are independently
a C-C, aliph_a:tic hydrocarbon, a C,-C, aliphatic
hydrocarbon substituted with an unsubstituted aryl group,
a C,-C, aliphatic hydrocarbon substituted with an aryl
group substituted with a C,-C, aliphatic hydrocarbon, or a
phenyl group; or R, and R, taken together with the nitrogen
atom forms a ring selected from the group consisting of
pyrrolidine, pyrrollne, pyrrole, pyrazole, trlazole,

indole, plpera21ne, plperldlne, morpholine, and

hexahydroazeplne, or R, R and R, taken together form a

-
rlng selected from the group con51st1ng of pyridinium and
imidazolinium; and X® is an anion; with the proviso that
if R, is not the radical represented by formula II then
the sum of the carbons in R,, R,, R,,
least 15 and if R, is the radical represented by formula

and R, must be at

II then at least one of R,, R,, R,, and R, must have 8 or

3 ?

more carbon atoms.

10. ' A non-dusty, anti-caking composition
obtainable by contacting water-absorbent lightly
crosslinked water-insoluble polymer particles with an
effective amount of an anticaking agent and at least one
of:

a)from 100 ppm to 6000 ppm based on the weight
of the polymer particles of a hydrophobic
dedusting agent; and

e e
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b) from 100 ppm to 3000 ppm based on the weight
of the polymer particles of a hydrophilic
dedusting agent. '

This: Sheet. Has Been R,

I
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