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ANEXOS

Comprabanle de pagoe de la tasa.

Poderes, si fugre al caso.

Pruebas de los fundamentos de la opasicion.

Bocumentos que acrediten ef legitimo interes, si luere ai caso,

Documento que acredita la existencia y representacion legal de los partes, cuando sean
persenas junidicas.

Instuccivnes para el diigenciamienta del prasente formutaao, ver reverso de esta pagina.
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Derecho de la Compelencia, Propiedad

Optlmum Industrial y Comercis Exterior

Sefiora Jefe,
DIVISION DE NUEVAS CREACIONES
Superintendencia de Tndustria v Comercio

E. &, 1.

Referencia : Bxpedicnte N° 08 55402

Asunto : Oposicion a la solicirud de patente de Invencion  titulada
“MEMBRANAS ¥ CAPSULAS OBTENIDAS DE
MATFERIALES DE CARBOXIMETILCELULOSA Y
METODOS PARA E[LABORARLAS”

Solicitante : O KELCO 1.8, INC.

Opositora : PROCAPS S.A,

Publicada en la Gageta de la Propiedad Industri
N°611 ﬁdﬂ de diciembre de 2009

Ya, CIELO ANGELA PENA RODRIGLIEZ, n(gadu en ejergicio, identificada comao
aparece al pic de su flemg, con rgeta profesional Ne. 82701 del Conseja Superior de
la Judicarura, en mi condician de spoderada de la sociedad PROCAPS §A,
conformady bajo Ins leyes de la Repablica de Colombia v domiciliada en 1o ciudad <de
Barranguilly, Colemobia, arenmnente manilicsto gue estando t]i‘.lﬂl:l"?{-_[ ﬂ_el rerniing de ley
¥ por arden expresa de i representada, presento oposicion a la concesion del registro

de la Parente de Invencion titnlada “MEMBRANAS Y CAPSULAS OBTENTDAS DE
MATERIALES DE CARBOXIMETILCELULOSA Y METODOS  PARA

Carrera | 3R 1E09S 00 104 Tel 457002703 1213 - 620050 2t - Tas 157106 10 10 70
E-maal: ucqu-clmf-!]opt':::u LLETA L, 0T = S, LT L=
Tingorn Coleuda
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Derecho de la Competencia, Propiedad

Optlmum , Indusirial y Comercio Exterior

ELABORARELAS", cuyo ritular es CP KELCO 118, INC,, v pido o Usted declivar

fundads esra oposicion ¥ en consecuencia negar el regisiro de la parente solicicada.

e

Cordorme a o dispuesto en ol articido 42 de la Decision 486 de 2000 de b

1. INTERES PARA ACTUAR

CAN, esrando dencro del deming estipulado por la Tey, maniticsro ol legitinw interés
de nuestma representada para opooerse al registro de la patenee de la referencia,
atendicndo a que ln solicimd precendida ne cumisle con los regquisites dispuestos en
ley vomnn se analizard mds adelante v de ser concedida afectarin Jizectiumente [
comeranlizacion  de algyg productos de m repm::%ﬁ; qe: womficnen, en
particular MATERIALLES DE CARBOXIMETILCELULOSA. Por lo moro, saliciv

tespetuosamente a cxe Despacho se sitva tener en cusnma la presente oposicion denmo

del trimire aduaniseeativo gque se surete on esta Superintenduncia.

2, FUNDAMENTOS DE HRCHOS
2 LLa soliciod objete de ia presenre Tue presenracla ¢l 5 de amyo de 2008
reivindicando pricridad bajo Ta soticinnd US200502 64260 del 2005-1101; y fue
publicada en Colombia, en la Gaceta de I Propiedad Induscrinl N® 611 del 31
de diciembre de 2008, cuya publicacion internacional corresponde o la

WOION /143158 del 20070510

2.2.La solicimd 08 53402 ohjero de 3 prosente oposicion, se refiere 3 una capsula
- ¥/o membrana de marersles de CMO madificada exhibiends un tango de peae

maolecular de aproximadamenie: 1,500 & 75.000 Daltons v un grada de

Carrera 13 Ne L9500 10F ek 15712 13 1213 - 620 50 20 - Faee (5716 1219 79
' Li-mail: JL(:Em’K}IG&@UpFEmiLm’E{‘. GO - MranA OPELILTIN ="l 3In
Tiogora Calombio
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Derecho de la Competencia, Propiedad

optimum Industrial y Comercio Exterior

sustitucion de menos de aproximadamenre 1,5; en donde dicha cépsula y/o
membrana opcionalmente comprende al menos un aditivo polimérico que no

scean dichos materiales de CMC mndificadsa.

2.3. Con base en el ardiculo 14 de Ia Decision 486 de la CAN que consagra: “Los
puises miembros olorgardn patentes para las invenciones, sean de producto a
procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas, tengan
nivel inventivo y sean suscepribles de aplicacion indusmial”, tenciwos que las
invenciones objeto de patente deben ser nuevas ¥ tener nivel inventivo. Bien,
pues antes de la fecha de prioridad de ¢sta solicinud se encuentran los signienres

documentos que afectan la pateneabilidad de la presente solicitud:
o DI:US 5550189 publicada ¢l 27 de agosto de 1996.

2.4. Ahora bien, el documento DI, parriculariuenre en la descripcion revela un
métodae pura producic un polisacarido modificado que ticne a capaadad de
hincharse con el agua generalmente insoluble en agua con propicdades estables
mejoradas de absorcion. El meétodo implica la formacion de una mezcla de un
polisacirido  modificado, el agua, vy, opcionalmente, un  agente  de
entrecruzamiento, el recuperar ¢l polisacirido modificade de s mezcla vy,
opcionalmente, el tatamiento con calor de dicho polisaciride recuperado
modilicado. Considerando ¢l documente D1 el cstado de la éenicn mas
cercano i la invencidon tencinos que no es posible reconocer novedad ya que
una  membrana de materiales de CMC madificada que opcionalmente
comprende al menos un adirivo polimérico que no sean de marcriales de CMC

madificada, segun a solicitud objero de la presente oposicion cs die un material

Carrera 13 Ne 11995 OL 104 Tel (ST 21312 13-6205021 - Fax (STNG 1219 79
Eauail: negocioa@oprimumn=co.com - wawwe opLitntme-co.com
Buogata Colomlya
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de formacion de gel, en donde dicho material se selecciona del grope que
consiste de éreres de celulosa, biogomns, hidrocoioides v coalquier mezcla de
esros, eg materin ampliamente conocida como se pucde ver en DN mas
particularmente en la tabla 2, o cn la columng 1, lineas 51 Tuet la cal 2, Linea
3, donde wza  “Al contrario los materiales smidticos absorbentes som g mendo
capuces de absorher cantidades grandes de lgquide manteniendo wn gencrabmenee teso,
cavdeter ag tuctlaginesu. En consecuencia los matertales stnéticos, absorbentes pueden
ser Incorporadas en productos ahsorbentes reduciendo al minme ta probabitided de
bloqueee fabstruccion) de gel.” El documenra T, exnceaments et o columna 15
menciona que "Dependiends  de la forma en la cual el polisacdride carboxinlaquod e
recuperacdo, puede ser nocesutin o deseable para cumbiar la forme dv diche polsacdridu
cavbuxialguil, Por efempls, st lu evaperacion en seco es emploada. el polisucdnde
carboxialquil puede ser recuperado en fremet de amar pelicude o membrana £y probabls
desear pulvenzar lu pelicule o el mawrial de hoje en particutas o “Pakes” del material.”
kL citado documenta DI se refiere ademads al matedal o aduive on la calumna
5, linca 63 hasta la colimna 6, Timea 3 cnando menciona “Los polisaciridos

medificados que son cotvenienics para cmples en la invencion presente, son

s restriceion,  carboanbatados, sulfonatades, sultatados, v los  Jerivadoes
fosfatados de  polisacaridos, sus sules, ¥ mezclas de cllos, Ejemplos de
polisacarides convenientes son la celulosa, el almidon, ¢l guar, carmpesnan,
agar, gellan gum, chirin, chitosan y mezclas de ellos™ Por lo tanto, la solicirud
objerer de la presente oposician no puede comprender patenie toda vez que ne
cumple con el roquisito mas impormnre, NR'JVED!‘L.D,: dado que lo que

pretende va es amplinmente conecido cn el are anterior.

L5En consecuendia v de acuerdo 3 lo desenito anteriormente, se deriva gque b

solicitud colombisna 08 155402 no puede prerender un nonopolio por

Carera 13 N 11995, OF 104 TeL (5710 2 43 17 13 - 6 2050 21 - Fax (37116 12 19 79
Tetivanl: megocios@n [ umi-cousmiy - wWins. Dp L wu-re SNt
Bognrd Calowlia
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patente toda vez que lo que pretende no cumple con el més importante de los

res requisitos necesarios para su proteccion, la Novedadl.

2.6.Que por consiguiente, respecto a la solicitud pretendida se tiene que:

2.6.1. CARECE DE NOVEDAD: Segun el articulo 3 de loy 20 del 2000, gue
consagra que “nna invencion es patentable cuande es susceptible de aplicacion
industrial, es novedosa v tiene nieel inventive”. A la fecha de prioridad, 1 de
noviembre de 2005 ya era conocido, pues como se demoserd, cra parre del arre
anterior con base en ¢l documento DL, una  cipsula y/o membrana de
materiales de CMC modificada exhibiendo un rango de peso molecular de
aproximadamente 1,500 a 75.000 Daltons y un grado de susticucion de menos
de aproximadamente 1,5; e¢n donde dicha capsula /0  membrana
apcionalmente comprende al menos un aditivo pelimérico que no sean dichos
materiales de CMC moditicada, sobre el cual busea proteccion en ¢l capitlo

reivindicatorio.

2.7, Dado lo anterior, es posible deducir que la solicitud y lo reivindicado no
es objeto de patenrabilidad pues es contrario a lo gque dicea la Decision 486 de
la Comunidad Andina de Naciones, Acticulo 14.- “Los Paises Miembros otorgardn
patenzes para las invenciones, sean de producto o de procedimiento, en todos los campos
de lat tecnologia, siempre que sean nucadas, engan mvel ingentivo y sean susceptibles de
aplicacion industrial.”. Ta solicitud pretendida no cunple con uno de los tres

requisitos de pateneabilidad.

2.8.Par wdo lo anterior, atentamente solicito a usted que se sirea declarar fundada

Ll presenre oposicion vy en consecucncia negar el registro a la solicioud de

Carrera DIN= 11095, O 104 Tel (571213 1212326105021 - Fax. (57106 1219 79

Eanail: negocios@aptimumocom  www, optimum-co.com
Rogowm Colombia
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pacnte  titulada  “MEMBRANAS Y CAPSULAS OBTENIDAS DE
MATERIALES DE CARBOXIMETILCELULOSA Y METODOS PARA
ELABORARLAS " cuyo tmlar ee CP KELCO U.S., INC, solicitud
Colombiana que aparecié publivada en la Gaceta de la Propiedad Industrial N°
611 del 31 de diciembre de 2009,
3. PRUEBAS
De conformidad con lo dispuesto por las normas vigentes, soliciro a usted tener
como prucha en esre asunto los siguientes:
o D1: US 5550189 publicada el 27 de agosto de 1996.
4. FUNDAMENTO DE DERECHO
Fundamento esta observacion en las normas legales siguicntes:
4.1.  Numeral | del articulo 586 del Cadigo de Comercio.
4.2, Articulo 42 de I Decision 486 de la Comision del Acuerdo de Cartagens.

4.3.  Enlas deavis normas concordantes.

5. ANEXOS

Careern 13N 11995, Q07104 Tel (SN2 13 1213-6205071 - Fax (ST R 1219 79
Eanail: negocias@opeimim-co.com - www.optimume.com
Pogori Crlombia
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Derecho de la Competencia, Propiedad

Optl mum ‘ Industrial y Comercio Exterior

Para los efectos correspondienres anexo al presente escrito los siguientes documenros:

I. Poder para acruar en ¢l presente.

(S

Documento que acredita al represenante tegal de PROCATDS S.A.

wd

Recibo de caja del respecrivo pago de tasa.

4. Copinas de los documentas:

e D1 US 3550189 publicada el 27 de agosto de 19906,

Carrers P3N TIQS O M4 TeL GTD 231213620502 - Fax (37106 12 19 79
E-mail: nagocios@op hmum-co.eom - WW, UPIHDIIN-TOLT
Bagaord Colombia
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6. NOTIFICACIONES

Para efecros de notificaciones que por disposicion del articulo 50 del Decroto
01 de 1984 debe hacer su Despacho, informo que mi representada v Ia suscriea
recibireios notificaciones en la Secremria de su Despacho o en mis oficinas sicuadas

en da Carrera 13 Ne 11995, Of. 104 de esta ciudad de Bogota.

Sefor Superintendente,

CIELO ANGELA PENA RODRIGUEZ
-C.C. 51'940.252 de Bogota

T.P.A. 82701 del C.S. dela ).

Carrera 13N 995 QU4 Tel (STN 21312 13- 6205021 - Fax (ST 61219 79
L-mail: negacia:@optimmm-co.cout - www.oprimuw-ca.can
Bogota Colambi
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PROCAPS

PODER ESPECIAL

Yo, WALTER TANAKA TATEKAWA, mayor de edad y vecino de la ciudad de
Barranquilla (Colombia), identificado como aparece al pie de mi firma, quien en el
presente documento actiia en calidad de Representante Legal de la sociedad PROCAP

S.A. sociedad legalmente constituida y domiciliada en la cindad de Barranquilla
(Colombia), por el presente documento otorgo a la doctora CIELO ANGELA PENA
RODRIGUEZ, abogadd en ¢jercicio, identificada como aparece al pic de su firma, con
tarjeta profesional No. 82701 del C.S. de la J., poder especial, amplio y suficiente, para
formular oposiciones u observaciones a la solicitud de patente No, 08 055.402, tituJada
“MEMBRANAS Y CAPSULAS OBTENIDAS DE MATERIALES” DE
CARBOXIMETILCELULOSA Y METODOS PARA ELABORARLAS", cuyo
titular es CP KELCO U.S,, INC,, publicada en la-gaceta No.611-del 81-de-diciembre
de 2010, : ' ‘

Nuestro apoderado queda facultado, de'manera expresa, para realizat todo tipo de actos
necesarios para llevar a cabo el tramite de la oposicion, incluyendo, sin limitacién,
preparar y presentar solicitudes, hacer declaraciones, pagar-tasas, contribuciones e
1mpu(ct0:s recabar los titulos o certificados. Asimismo quedan: autorizados para
impugnar administrativa todo lo que fuere resuelto en el expediente a que se hace
expresa referencia on el presente poder, con todas las facullades generales y especificas
que fuera requerido para ella.

* - . ce = —

De la misma mancra, ademés de las facultades que le confiere la naturaleza del presente
mandato, se encuentran facultados para recibir, desistir, transigir, sustituir, y reasumir

el presente poder, incoar acciones, interponer recursos y demés facultades conferidas
por la ley. :

Dado y Firmado en Barranquilla (Colombia) a los 12 dfas del mes de marzo de 2010.

CAPSY
/0
&( C.C. N°16'251.9¢3
NIT: 890.106.527-5
Representante Legal
-

Acepto:

[ Yg7=>

CIELO ANGELA PENA RODRIGUEZ
C.C. 51'940.252 de Bogota
T.P.A. 82701 del C.S. de la J.

CALLE B0 No. 788-201+ A A, 50330 P.B.X.:(575) 3530783 - 3788000 - 3719900 - 3507900 - FAX:(575) 3730815 - 3730813 - 3730247 - 3730818
) BARRANQUILLA - COLOMBIA - NIT.: 890.106.527-5

| B8
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CERTIFICADO DE, EXISTENCIA'Y REPRESENTACION LEGAL o DE:INSCRIPCION DE

""""

DOCUMENTOS. ‘'ii... N A T A T
PROCAPS [ < JN . .- . 4-_---__-_334 ------- S e m—e R .
JNIT: 8905106.527-52 ,;,;:, 2 g‘\\ _.-,g‘-;l‘:-.-.., ZE

Il‘ .-‘.n:

‘:'EN JUNIO " DE ESTE ANO SE . 3ELEGIRA JUNTA DIRECTIVA DE LA’ CAMARA DE
COMERCIO. LAS'HNSCRIPCIONES DE CANDIDATOS DEBEN HACERSE EN LA PRIMERA
QUINCENA DE NMAYO PARA INFORMACIGN DETALLADA DIRIGIRSE A, LA“SEDE
PRINCIPAL O COMUNICARSE AL SIGUIENTE TELEFONO+ 3303718 3303716 N 3%

e ”.l ’x . ,, .on

'EL SUSCRITO SECRETARIO DE LA CAMARA DE COMERCIO DE BARRANQUILLA CON

“FUNDAMENTO EN LAS INSCRIPCIONES DEL REGISTRO MERCANTIL o
I e ROER Al PO ol et

L CER T I"F ic A" o

Que por Escrltura- Piblica ;No. 1 190 del 227 .de Julig. de 1976,
' otorgada “en 1la Notarla Tercera deH'Barranqullla, 1nscr1to(as) enw
‘esta Camara de Comercio, ‘el 28 de ‘Julio de 1976 bajo el No 6, 070

del libro respectivo, fueconstituida la sociedad----~#--------34 Mo
limitada denomlnadaLﬁ OPU?¥O$AT"DE(ﬁ?A?§ULASJ DE§%§LATINAS IMITADA
» _:\.__....'.‘:.._'_“_..._-'.’_‘l.___.:-...-._-:."-r _________ e

,"PROCAPS ,"LI%;EAQAY; \\ o1 JLAL,'XU uLJLjoL:'_. ) “ T
(N T it | TN i A
f R IS t ﬂE(R T~ fI ’F‘ ]I/(C]@ S R
. \\ Q\ \\: // \L_ i\j o

Que por EscrlturaLrPubl a, N 1 307 rJunio de-1979

otorgada en ' 1a. Notarlaﬁatgrﬁérqﬂ‘déﬂjBarranqu%&la,\.1nscr1to(as) en
esta ; Camara de’ Comercio, el 23~de Julio de 1979 bajo el No.-:410, 039

~del libro respectlvo la 5001edad antes mencionada---------+ e bt
..Se transformo en’; sociedad:|/dnonima ,bago la deno c19n.soc1al dq
‘"PRODUCTORA DE CAPSULAS DE GELATINA S:A." PROCAPS A R -

N a o, h IR I
‘:1 v

b '{Uf. C E R T'I F I CA" ;j '\n
Que por ,Escrltura~'Pub11ca - No. 3 810 del 31,,.de ch/bre de 1980p
;otorgada en la Notarla Primera dennBarranqullla ins¢rito(as) {len
-esta Camara de Comercio, el 30 de Enero de 1987 bajo el No. 12 705"
del llbro respectlvo, la sociedad -antes mencionada---=-¢=------~~p-----
se transformo_”en socmedad de responsabllldad 11m1tada'bajo alLrazon

social de “"PRODUCTORA DE CAPSULAS DE GELATINA LIMITADA "PROCAPS LI -
AMITADA" . - == c o - - o mm oo m e F e Ammmm———— T T =1

< s - - ‘. i 3 LY
‘ | + . ot LR .. o i T cE .
Ha S e 1 v et R

S CERTIFICA

Que .. por Escrltura Publlca No. fﬂ3 ;755 del 10 de’ Nov/bre de 1983
otorgada en la Notaria ‘Unica de Soledad, inscrito(as) en~"esta
.‘Camara de . Comercio,. el 22 de, Nov/bre/de 1983 bajo el No ‘17 922 del.
. 1libro respectivo, la soc1edad .anhtes mencmonada——ﬂ% --------------------- o
"sé transformo en “'Sociedad -ancnima ‘bajo 1la denom1nac1on social de'
"PRODUCTORA DE' CAPSULASHDE GELATINA S.A. "PROCAPS S A .—--—j;; -----

fx.: i

'
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CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

PROCAPS S.A. --f=r--==---foqm-=~---=e---co-ooboooo-ooo- - —emeeecioeee==
NIT:; 890.106.527-5. i ‘L o .

77k\ . Z. CEJRTIFIZCA ?“ o .
$ $H o &g " f . %;,' !{', N Cal
‘Oue por Escritura 'Publlca No. ,615 del 06 "de Dic/bre de 1996,

otorgaga en la* Notarig: - 2a. de/ Barranqurila inscrito(as) en.esta
Camaraﬂ'de Comer01o, er 20 de ch/bre de 1996 bajo el No. 67,218 del
llbro respectlvo, la sociedad antes menc1onada ------------------------
.camblo de,\razon soc1a1 por‘ia denom1nac1on LABORATORIOS "‘PROCAPS SvA

M e e e e mmEmr e  EmEE . e EE e .- — — e Em---———— .-

A b S T N . < o
- N - -

; ~ 4/—‘\ g - - .
’ﬁn ZhY .7c ERTE EICA- vy s o
\ e k !

Que por Escr}tura Pubrica No. ‘3 775 del 18 de ﬁic/bre d$‘1996
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MODIFIED POLYSACCHARIDES HAVING
IMPROVED ARSORBENT PROPERTIES AND
PROCESS FOR THE PREPARATION
THEREOF

This applicatiun is a continuation-in-part of 1).8. patent
application Ser. No. 07/870,529, filed Apr. 17, 1992, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to modified polysaccharidey
fhaving improvced absorbent properties. Specificatly, the
present invention relates to modified polysaccharides having
an improved ability (o absorb liguid while under an external
pressure and afler aging and a process for the preparation
thereof,

2. Descripdon of the Relaied Ant

The use of water-swellabte, generally water-insoluble,
absorbent materials, commonly known as supcrabsorbents,
in disposable absorbent personal care products is known,
Such absorbent materials are generally employed in absor-
bent products such as diapers, wraining pants, adult inconui-
nence products, and feminine care products in order w
increase the ahsorbent capacity of such products while
reducing their overall bulk. Such absorbent maleriats are
generally present in absorbent products in a fibrous matrix,
such as a matrix of wood pulp lufl. A matrix af wood pulp
fluff generally has an absorbent capacity of about 6 grams of
liquid per gram of flulf. The absorbent materials described
abovc generally have an absorbent capacity of at icast about
10, preferably of abowt 20, and ofien of up to 100 1imes their
weight in water. Clearly, incorporation of such absorbent
mialenials in personal care products can reduce the overall
bulk whilc increasing the ubsorbent capacity of such prod-
ucls.

A wide varicty of matcrialg have been described for usc as
absorbent malerials in such personal care producis. Such
materials include natural-huscd materials such as agar, pec-
tn, gums, carhoxyalkyl starch, and carboxyalkyl cellulose,
as well as synthetic materials such as polyacrylates, poly-
acrylamides, and hydrolyzed polyacrylonitrile. While the
natucal-based, absorbent materials are known fur use in
personal care products, they have not gained widc usage in
such products. The natural-based, absorbent malerials have
not gained wide usage in personal care products, at leust in
pant, hecause their absorbent propertics are generaully infe-
rior compared to the synthetic absorhent materials, such us
the polyacrylates. Specitically, many of the natural-based
matcrials tend o form soft, gelatinous masses when swollen
with a liquid. When employed in absorbent products, the
presence of such soft gelalinous masses lends to provent the
transport of liquid within the fibrous mairix in which the
absorbent materials are incorporated. This phenomcnon is
known as gel-blocking, Once gel-blocking occurs, subse-
quent insults of liquid cannot be efficicntly absorbed by the
product, and the product tends 1o leak, Further, many of the
natural-hased matasials exhibil poor absorption properties,
particularly when subjccted o cxternal pressures.

In contrast, the synthetic, ubsorbent materials are ofien
capablc ef ahsorbing large quantities of liquid while main-
waining a generally stiff, nun-mucilaginous character,
Accordingly, the synthetic, absorbent materials can be incor-
parated in absorbent products while munimizing the likeli-
hood of gel-blocking.
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Carboxyalky! cecllulose materials and other modified
polysaccharides arc known in the an. As a general nule,
carboxyalky! cellutose materials are formed from & celluto-
sic matcrial which has been ircated with carhoxyalkylating
reactants, such as a chloroalkanoic acid, preferably
moncchloroacelic acid, and an alkali, such as sodium
hydroxide, optionally, in the presence of an alcohol. Such a
process is described, for cxample, in U.S. Pat. No. 3,723,

413, issucd Mar. 27, 1973, to Chatterjec et al. Such car-

boxyalkyl celluloses are generally water sotuble. Various
methods of rendedng such watcr-soluble carboxyalkyl cel-
luloses water insoluble arc known.

LS. Pat. No. 2,639.239 issued May 19, 1953, to Ellion
describcs a process in which a2 commercially available
water-soluble, dlkali-metal salt of carboxymethyl cellutose,
having a degree of substitution of from abowt 0.5 10 shout §,
is subjected to a thermal treatment for up to 10 hours which
renders such water-soluble carboxymethyl cellulosc capable
of forming highty-swollen ge! particles.

Similarly, U.S. Pal. No. 3,723,413, discussed dbove,
describes the heat-treatment of a carboxyalkyl ccllulose in
the presence of remaining carboxyalkylating reaciams and
by-products, such that, the carboxyalkyl cellulosc becomes
walcr inscluble and possessed of desirable ligquid absorptive
and rctentive properties and charactenistics.

U.S. Par. No. 3,345,358 issucd Oct. 3, 1967, 10 Inklaar
describes a method of preparing a gel-forming derivative of
polysaccharides such as carboxymethy! starch, The method
involves acidifying finely divided carboxymethy! ethers of
polysaccharides by treating them with acid in methanol or
other water-miscible, urganic liquid medium. In this manner,
acid carboxyimethyl groups are formed on the material. The
material is held under acidificd, non-hydrolyvzing conditions
to hring aboul the [ormation of ester bonds whereby con-
stituent macromolecules of the material become crossiinked
one to gnother. The material is then neuualized with an
alkali. The derivatives so produced are described as being
capable of forming a gel vpon addition Lo water. .

U.S. Pat, No. 3,379,720 issued Apr. 23, 1968, 10 Reid
describes a process of preparing modified polysaccharides,
such as ethers and esiers of cellulose, comprisiug slurrying
a water-soluble polysaccharide in any inert medium, acidi-
fying said polysacchuride, removing cxcess acid from the
acidificd polysaccharide, drying same and heai-curing.

U.S. Pat. No. 4,689,408 issucd Aug. 25. 1987, to Gelman
et ul. describes a method of preparing salts of carboxymethyl
cellulose. The methad involves treating a carboxymcthyl
ccllutose with water, adding a nonsolveat for the carboxym-
ethy! cellulose, and recovering the carbaaymethyt cellulose.
The carhoxymethyl cellulose is said to have an ahsorbency
of m least 25 prams of hiyuid per gram of curboxymethyl
cellulose,

Unforlunaicly, the known modified polysaccharide mate-
rials do nol possess absorplive properlies comparable 1o
many of the synthetic, highiy-absorptive materials, This has
prevented widespread usc of such carhoxyalkyl polysaccha-
rides in absorbent personal care products.

It is desirable 10 develop and produce a namral-based,
highly absorbem materizl having age-stable . absorptive
propertics similar to the synthetic, highly absorptive mnatc-
rials and, thus, suitable for use in personal care absorbent
products,

SUMMARY OF THF. INVENTION

Thc present invention concerns a water-swellable, watcr-
insoluble carboxyalkyl polysaccharide. The carboxyalkyl
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polysaccharide is characterized in that it cxhibity an effective
initial Absorbeney Uinder Load (AUL) valuc and exhibits an
effeciive stabilily in its absorbent properties after aging.

One cmbodiment of the present inventon concems a
carboxyalkyl polysaccharide that exhibits an initial Absor-
bency Under Load valuc of at least about 14 and retains at
least about 50 percent of its initial Absorbency Under Load
value after aging for about 60 days at about 24° C. and at
least about 30 percent relative humidity.

The present invention further concerns methads for pro-
ducing u water-swcllable, walcr-insoluble c¢arboxyalkyl
polysaccharide thal cxhibits an cffcctive initial Absorbency
Under Load value and exhibits an effective stability ia its
absorbent propertics afler aging.

One method of the present invention comprises the steps
of prepasing a mixture comprising a water-soluble carboxy-
alkyl polysacchandce, water, and a cresslinking agent. The
carboxyalkyl polysaccharide is recovered from the mixmre
and heal-treated 8t a temperature for an amount of time
effeciive so that the carbox yalkyl polysaccharide exhibits an
cfective initial Absorbency Under Load value and exhibits
an elfective swbility in its absorbent propenics after aging,

Cne embodiment of such a mecthod comprises forming a
mixture comprising a watcr-soluble carboxyalkyl polysac-
charide, water, and 1 crosslinking agent; recovering said
carboxyalkyl polysaccharide from said mixiure; and heat-
trealing said rccovered carboxyalkyl polysaccharide at a
temperature above aboul 50° C. for 2 time effective to
crusslink said carboxyalkyl polysaccharide to render said
carboxyalkyl polysaccharide watcr swellable and water
insolubte, wherein the water-swellable, water-insoluble car-
boxyalkyt polysaccharide exhibits an initial Absorbency
Under Load vatue of ai leust ahout 14 and relains at least
about 50 percent of the initial Absorbency Under Load valuc
after aging for about 60 days at about 24° C. and at least
about 30 percent relative humidity.

Another mecthod of the present invention comprises the
steps of preparing a mixture comprising a waler-soluble
carboxyalkyl palysaccharide and water. The carboxyalky)
polysaccharide is rccovered from the mixture and heal-
treated at a temperalure for an amount of time effective so
that the carboxyalkyl polysaccharide exhibits an effective
irtitial Absorbency Under Luad value and exhibits an cffec-
tive stability in its sbsorbeat propertics afier aging.

Onc embodiment of such a method comprises forming a
mixture comprising a water-soluble carboxyalkyl polysac-
charide, and water; recovering said carboxyalkyl polysac-
charide from said mixturc; and heai-treating said recovered
carhoxyalky! polysaccharide at a temperature between about
200° C. and about 230° C. for ar amount of time botween
about 30 1o abowi S0 seconds, whercin said heal-treating is
clicetive to crossiink said carboxyalkyl polysaccharide to
render said carboxyaltkyl polysaccharide water swellable
and waler insoluble, wherein the waler-swellable, water-
insoluble carboxyalkyl polysaccharide exhibits an initial
Absorbency Under Load value of a1 least sbow i4 and
retnins at least about 50 pereent of the initia) Absorbency
Undur Load valuc after aging for ahout 60 days at about 24°
C. and at Icast aboul 30 percemt relative humidity,

Another meihed of the present invention comprises the
steps of preparing a mixwre comprising a water-soluble
carboxyalkyl palysaccharide and water, wherein the mixture
has a gH beiween about 4.0 and about 7.5, The carboxyalkyl
polysaccharide is recovered from the mixture and heat-
treated at a temperature for an amount of time cifective so
that the carbaxvalkyl polysnccharide cxhibits an cllective
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initial Absorbency Under Load value and exhibits an effec-
tive stahility in its absorbent propeniics afier aging.

One embodiment of such a method comprises forming a
mixiure comprising & water-spluble carboxyalkyl polysac-
charide and water, wherein the mixture has a pH between
gbout 4.0 and about 7.5, recovering said carboxyalky!
polysaccharide from said mixture; and heat-treating said
recovered carboxyalkyl polysaccharide at a temperature
above about $0° C. for a time effective to crosslink said
carboxyalkyl polysaccharide to render said carboxyalkyl
polysaccharide water swellablc and water inscluble, wherein
thc water-swellable, water-insoluble carboxyalkyl polysac-
charide cxhibits an initial Absorbency Under Eoad value of
at least about 14 and rctains at Jcast about S0 percent of the
initial Absorbency Under Load value afier aging for about
60 days at sbout 24° C, and at least ahout 30 percent relative
humidity.

Another method of the present invention comprises the
steps of preparing 2 mixturc comprising a water-solublc
carhoxyalky! polysaccharide, citric acid, a catalyst, amd
walter. The carboxyalkyl polysaccharide is recovered from
the mixtuere so that the carboxyalkyl polysaccharide exhibits
an cffective initial Absorbeney Under Load and exhibits an
effective stahility in its absorbent propertics after aging.

Onc cmbodiiment of such a method comprises forming a
mixture comprising a watcr-soluble carboxyalkyl polysac-
charide, water, cilric acid, and sodium hypophosphite and
recovering said carboxyalkyt polysaccharide from said mix-
ture, wherein the water-swellable, water-insoluble carboxy-
alkyl polysaccharide exhibils an initial Absorbeney Under
Load value of at least about |4 and retains st least about 50
pereent of the initial Absorbency Under Load value after
aging for about 60 days at about 24° C. and at lcast about 30
percent relative humidity.

Another method of the present invention comprises the
steps of forming a mixture comprising a watcr-sotuble
carboxyalkyl polysaccharde, an aluminum ion, and walcr,
The carboxyalkyl polysaccharide is recovered from the
mixture so that the carboxyalky} polysaccharide exhibits an
effcctive initial Absorbeocy Under load and cxhibils an
cffective stability in its absorbent propertics after aging.

One embndiment of such a method comprises forming a
mixture comprising a water-soluble carbuxyalkyl polysac-
charide, water, and a crosslinking agent comprising an
aluminum ion and recovering said carboxyalkyl polysaccha-
ride from said mixwre wherein the water-swellable, water-
insoluble carboxyalkyl polysaccharide exhibits an inilial
Absorbency Under Load valus of at least about 14 and
retains at least about 50 perceat of the initiai Absorbency
Under Load value after aging for about 60 days al about 247
C. and at lcast ahout 30 percent relative humidity.,

Another method of the prescnt invention comprises pre-
paring a carboxyalkyl polysaccharide in a reaction disper-
sion, recovering the carboxyalkyl polysacchande from the
reaction digpersion, preparing a mixture comprising the
recovered  carboxyalkyl polysaccharide and water, and
recovering the carboxyalky! polysaccharide from the mix-
ure wherein the carboxyalky! polysaccharide compriscs an
amount of the original crystalline structure of the polysac-
charide to he cfiective 3o that the carboxyalkyh pulysaccha.
ride exhibits an effective initial Absorbency Under Load and
exhibits an clfective stability in ity absorbent propertics after
aging.

Onc ¢cmbodiment of such a method compriscs:

a. preparing a reaclion dispersion camprising a solvent and

a polysacchanide comprising an original crystalline struc-

ture;
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b. adding a carboxyalkylating reagent (o the reaction dis-
persion at conditions effective to allow the carboxyalky-
lating reagent to reacl with the polysaccharide o0 preparc
a carbuxyalkyl polysaccharide;

c. recovering the carboxyalky! polysaccharide from the
reaction dispersion;

d. preparing a mixture comprising the recovered carboxy-
alkyl polysuaccharide and water; and

¢. recovering the carhoxyalkyl polysaccharide from the
mixiure wherein the carboxyalkyl polysacchuride com-
priscs an amount of the original crystalline struciure of the
polysaccharide to be cffective to result in thc water-
swellable, waler-insoluble carboxyalkyl polysaccharide
exhibiting an initial Abscrbency Under Load value of at
least about 14 and relwining at lcast about 50 percent of
the initial Absorbency Under Load value afier aging for
about 60 days at about 24° C. and at least aboui 30 pereent
relative humidity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the apparatus for determining the Absor-
bency Under Load values of an absorbent matesial.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In one aspect, the present invention concerns a water-
swellablc, water-insoluble modificd polysaccharide that ini-
linlly exhibits effcclive absorbency properties and substan-
tially retains such absorhency properties afier aging.

Modified polysaccharides suitable for usc in the present
invention are gencrally water soluble prior to treatment of
the modificd polysaccharide 1o provide the modified
polysaccharide with the desired initial and age-stable absor-
bency characteristics as disclosed hercin. As used herein, a
modified polysaccharide will be considered to be watcr
soluble when it substantially dissolves in cxcess water to
form a truc solution, thercby losing its initially particulate
form and becoming molecutarly dispersed throughow the
water solution. Allematively, the modificd polysacchuride
may swell in water to such an extent thal it appcars to lose
its initial structure even though a true solution may oot be
formed. As a general rule, the waler-soluble modified
polysaccharides will be free from a substantial degree of
crosslinking, as crosslinking tends to render the modified
polysaccharides water insoluble.

As used herein, the term ‘“‘walcr-swellable, water-in-
soluble” is meant to refer 10 a modified polysaccharide that,
when cxposed to an excess of u 0.9 weight percent solution
of sndium chloride in water, swells to jis equilibrium volume
but does not dissolve into the solution. As such, i waler-
swellable, water-insoluble modified polysaccharide gener-
ally retains its original identity or physical structure, but in
a highly cxpandcd state, during the absorption of the aque-
ous solution and, thus, musi have sufficient physical integ-
rity 10 vesist How and fusion with neighboring particles. A
water-swellable, water-insoluble modificd polysaccharide
vseful.in the present invention is onc which is eflectively
crosslinked to be substantially insoluble but still is initiaily
capeblc of absorbing at least about 14 times its own weight
ot a 0.9 weight percent solution of sodium chloride in water
when under an applied lvad of about 0.3 pound per square
inch.

Modificd polysaccharides suilable for use in the present

invention include, without limitation, the carboxviated, sul-
fonated, sulfated, and phosphatcd Jerivatives of polysaccha-
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rides, their saits, and mixiures ehereof. Exemplary of suit-
able polysaccharides are cellulose, starch, guar, carrageenan,
agar, gellan gum, chitin, chitysan and mixtures thereof

Suitable carboxyalkyl polysaccharides for use in the
present invention include carboxyalkyl celluloses such as
carboxymethyl cellulosc, carbuxycthyl cellulose, carboxy-
alkyl starch, carboxyalkyl carrageenan, carboxyalkyl agar,
carhboxyalkyl getlan gum, and mixtures thercof. A beneficial
carboxyalkyl polysaccharide is a carboxyalkyl ccllulose
with a beneficial carhoxyalky! cellulose being carboxym-
cthyl cellulose.

Mcthods of making carboxyalkyt polysaccharides are
known to thosc skitled in the ant. Suitably, a polysaccharide
material such as wood pulp Ouff, colion, cotion linters,
starch, and agar arc provided. The polysaccharide material
may he in the form of fibers or of fibers which have been
comminuted to panicuialc form, Typically, the polysaccha-
ride material is dispersed in a solvent, such as water or an
alcohol, and carboxyalkylating reagents added w the dis-
persion. Carboxyalkylating rcagents gencrally comprise a
chioroalkanoic acid, such as menochtoroacetic acid, and a
base, such as sodium hydroxide. The carboxyalkylating
rcagents arc added to the dispersion at condilions elfeclive
10 allow the carboxyalkylaling reagents to react with and
modify the polysaccharide. Such effective conditions can
vary and will typically depend on, for example, temperature,
pressure, mixing conditions, and relative amounts of matc-
rials, solvents and reagents used in the modificarion of the
polysaccharide.

Onc process of the present invention comprises preparing
the carboxyalkyl polysaccharidc from a polysaccharide
comprising an original crystalline structure and retaining an
effective amount of the original polysaccharide crystallipity
wherein such retained crystallinity functions as a erosslink-
ing moicty so that the carboxyalkvl polysaccharide cxhibits
an effective initial Absorbency Under Load valuc and exhib-
its an eflective stability in its absorption propcrues after
aging.

In such a prucess, the polysaccharide material is dispersed
in a solvent and carboxyalkylating reagents are added to the
dispersion. The carboxyalkylating reagents are added 1o the
dispersion at conditions cifective to allow the carboxyalky-
lating reagents 1o react with and modify the polysaccharide
while rctaining an effective amount of the original crysiat-
linity of the polysaccharide. Such effective conditions can
vary und will typically depend on, for example, temperanre:,
pressure, mixing conditions, and types and relative amounts
of materigls, solvents and rcagenis used. The carboxyalkyl
polysaccharide is then gencrally recovered from the disper-
sion. The recovered carpoxyalkyl polysaccharide is then
dispersed in an agueous mixture and recovered from the
mixLure as, for example, using the methods described herein.
Such a final-recovered crystalline-crosslinked carboxyalkyl
polysaccharide compriscs an asmount of the original crysial-
linc structure of the polysaccharide 1o be effective 10 result
in the crystallinc-crosshinked carboxyalkyl polysacenanidc
exhibiting an effective initial Absorbency Under Lozd value
and exhibiling an offuctive stability afier aging.

Many polysaccharides, such as cellutose and chitin, are
known ta be highly crystalline materials. The degrec of
crystallinity depends on the source of the polysaccharide and
its processing history. The highly-ordered crystaljine sirug-
turcs and the less-ordered amorphous areas gencrally have
different reacuivities toward incoming chemicals. The result
of this difference in reactivitics is that the amarphous arcas
arc generally substitued first and hcaviest, whereas the
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highly crystalline arcas are substituted last and least. Alkali
swelling of the pelysaccharide improves the accessibility of
the medifyving reagents into the crystalline arcas and facili-
tates the modifying rcactons. If the overall degree of
substitution of the polysaccharide is sufficicnily high and the
modi fication relatively uniformly distributcd, tota) solubilily
of the modified polysaccharide in an agueous solution is
generally achicved. However, if the overall degrec of sub-
stitution s relatively low, or thc maodification rclatively
unevenly distribuled, the resulting modified polysaccharide
will have a chain structure of altemating soluble and
insotuble scgments like a block copolymer. The insoluble
segments would gencrally be in the crystalline arees remain-
ing after thc modification rcaction. Such # crystalline area
functions as a crosslinking point for the soluble madifted
polysaccharide sepments. Such crystallinity of the imtial
polysaccharide or of the modified final product may he
determincd by analytical methods such as oplical micros-
copy and x-rry diffraction. The modificd final product, afier
dispersion in an agueous solution, may rctain some of the
fibrous characteristics of the initial polysuccharide.

Using carboxymethylation of cellulose as an example for
discussion purposcs. carboxymethylation is a modification
process which is gencrally considered kinelically controlled
and irreversible. Once the carboxymethyl substitution has
taken place, the arrangement of the carboxymethyl graups
along the cellulose chain is gencrally fxcd. The particular
pattemn of carboxymecthyl substitution on cellutose gbtained
dcpends on the reactant ratios end reaction conditions during
the synthesis.

In celhuose. the more accessible amorphous regians tend
to be substituted preferentially over the crystalline regions,
Consequcatly, the carboxymethy! groups are not unifarmly
distributed along the celtulose chain. Using excess alkali, or
pushing the reaction to a higher degrece of substilulion,
allows substitution 1o occur in the crystalline regions, fead-
ing 10 more uniform parterns of substitution and more
complete walcr solubility.

Conversely, the survival of the native cellulose crystalline
areas could be encouraged by certain conditions. For
example, a crystallinc-crusslinked carboxymethyl cellulose
has heen found 10 be capable of being prepared by differem
processes including: using potassium hydroxide as com-
pared 10 sodium hydroxide as the alkali in the process; using
a less than stoichiometric rutio of alkati to carboxyatkyluting
reagent. Such as chloroacelic acid; using a lower reactant
rutio of carboxymethylaling rcagents to cellulose; varying
the solvent composition in the slurry process; or a combi.
nation of thesc differcnt process techniques. Such reaction
conditions can be designed 1o promote carbuxymethyl cel-
lulose structures which have crystalline cellulose scgments
as well as carboxyalkylaied segments in the finel molecular
structures, One typacak result of this molecular structure is
thal, when the sforementioned carboxymethyl cellulose is
dissolved in watcr, the dispersion remains trgnslucent or
fibrous: whereas a soluble, relatively uniformly substituted
carboxymethyl cellulosc resulls in a solution that is elear and
ransparent.

Alkali is used in the preparation of carboxymcthy? ccltu-
losc as both a swelling apent for the cellulose and a
acutralizing chemical for any acids, such as hydrochloric
acid, released by the curboxymceibylation reaction. Sodinm
hydroxide is pencrally used as the afkali in commercial
carboxymethyl ccllulosc manufacturning processes. It hag
been fourd that the use of potassium hydroxide as the atkali
in the curboxymethylation of cellulose ends 10 produce a
morc uncvenly distribuicd earhoxymethylation pattern, even
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at a relatively high degree of substiwtion, than the use of
sodium hydroxide. Such an unevenly distributed carboxym-
cthylation patteen generally helps preserve part of the native
crystallites in the final carhoxymethy! polysaccharide prod-
uct which generally results in improved absorbent properties
of the carboxymethyl polysacchanidc. Conversely, the same
process, but with sodium hydroxide in place of potassium
hydroxide as the alkali, rcsults in a water-soluble carboxym-
ethyl ccllulose with relatively poorer absorbent propertics.

The diffcrences between using potassium hydroxide as
comparcd to using sodium hydroxide is believed 10 be
rclated to the solvalion power of the potassium ion, Being &
larger catton than the sodium ton, the potassiumn jon may not
be able to pencirate some of the cetlulosc crystalline regions,
leaving such ccllulose ¢rystalline regions gencrally intact
during carbuxymethylation and, thus, resulting in a more
unevenly distributed substitution pattern. Such an uncvenly
distributed substitution pattern can happen even with rela-
tively highly-substituicd carboxymethy] cellulose as, for
cxample, with a degree of substitution greater than 1.

Use of an excess amount of alkali relative to the carboxy-
alkylating reagent, such as chloroacetic acid, gencrally pro-
duces a more evenly substituted carboxymcthy! cellulose
product which is waler soluble when thc degrec of substi-
tution is sufficiently high. However, it has been found that,
where there is a deficiency of alkali relative o the carboxy-
alkylating agent, a waler-insoluble and rclatively unevenly
substituted carboxymethy! cellutose with desirable absor-
bent propertics may bc produccd. This phenomenon is
helicved to occur because a deficiency in atkali retative o
the carboxyalkylating rcagent reduces the degrec of swelling
in the cellulose suructure which, in turn, promotes preferen-
tial substitution in the amorphous regions as compared Lo the
crystalline regions.

Usc of a relatively low satio of carboxyalkylating reagent
1o polysaccharide, such as of chluroacelic acid to cellulose,
may also be used 10 producc a carboxyalkyl polysaccharide
with desirable absarbeni propertics. In eddition, the use of a
rclatively low ratio of carboxyalkylating rcagent Lo poiysac-
charide generally means lower raw material costs and less
rcaction by-products, both of which are generally beneficial
for economic and environmental reasons.

Such crystalline-crosslinked carboxyalkyl polysaccha-
rides generally need to be trcated with a homogenization
process, such as by dispersion and recovery from an aqueous
mixturg, but generally do not need any additional processing
steps, such as heat or chemical treatment, in order (o cxhibit
the desired inidal AUL valuc and age-siable absorbency
propertics described in this inveation,

Through dispersion of the crystailinc.crosslinked car-
boxyulkyl cellulose in water, the Hibrous stmicture and the
molccular alignment of the modified cellulose chains re
reduced. As the soluble scgments of the carboxyalkyl ccl-
lulose chains start to inicrpencirate onc another in the
dispersion, a random, coil-emtangled molecular configura-
tion is created which is subsequently locked in upon drying.
Largcr aggregates of the crysialline arcas might also be
formed in he dissolition pracess which scrve as super
Jjuncuion zones for the carhoxynikyl celiulose chains, allow-
ing a truly three-dimensional nerwork 1o evolve,

Repeated liquid uptake and removal do not seem to affec
the absorbent propertics of the crystalline-crosslinked car-
boxyalkyl cellulose. The stebility of the physical crosstinks
is belicved 10 be depcndent on the size of the crystalline
arcas that scrve as the crosslinking junctions. Once the
crystalling areas arc ahove an effective range, as for cxamyple

"~ ¥
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above the micron range, the junctions are stable and will
gencrally not be susceptible to the atiack of water melccules,
Such an effeclive size of the crystaltine arcas is generally
reflected in the translucency of the dispersion of the crys-
talline-crosslinked carboxymethyl cellulose in an aguecus
solution. Any method of recovering the carboxyalkyl
polysaccharide from a rcactivn dispersion, without unac-
ceptably deteriorating the absorption characieristics of the
carboxyalkyl polysaccharide, is suitable for use in the
present invention. Examples of such methods include evapo-
rative drying, frceze drying, precipitation, criical point
drying, and the like. However, it is to be undcrstood that it
may be possiblc to perform the carboxyalkylation of the
slaning polysaccharide in such a manncr that a solution of
carboxvalkyl polysaccharide and water can be formed
directly, without the need of an intermediate rccovery step.
For example, the modification process may be performed
under low moisiure condilions. That is, the starting polysac-
charide may be wetted with, for example, 1 pan of water for
eech pant of starting polyseccharide. Carboxyalkylating
rcagents can then be mixed with the wetted starting polysac-
charide such that carboxyalkylation occurs. Additional watcr
can then bc added Lo the carboxyalkyl polysaccharide to
form a mixture of carboxyalkyl polysaccharide and water, In
this manner, no recovery step may be necessary betweon
formation of the carboxyalky] polysaccharide and any fur-
ther trcatment steps, such as the preparation of a mixture of
carhoxyalkyl polysacchuride and water, in order to impan
the aging stability Lo the carboxyalkyl palysaccharide. If too
much water is present in the starting polysaccharide, how-
cver, the carboxyalkylation rcaction may not occur to a
sufficient degree.

When the carboxyalkyl polysaccharide is a carboxyalkyl
ccllulose, the carboxyalkyl celluloses suitable for use in the
present invention gencmally have an average degree of
suhstitutien from abowt 0.3 to about 1.5, suitably from about
0.4 1o about 1.2. The degree of substitution refers o the
average number of carboxylalky! groups, such as carboxym-
cthyl groups, present on the anhydroglucuse unit of the
cellutosic material, Generally. the maximum average num-
ber of carhoxylalkyl groups that may bc present on the
anhydroglucose unit of the ccllulosic materia) is 3.0, When
the carboxyalkyl celluloses have an average degree of
subslilution within the range of from aboul 0.3 to about 1.5,
the carboxyalky] celluloses arc generally water soluble prior
to treatmem of the carboxyalky!l celluloses to pravide the
carboxyalkyl celluloses with the desired initial and age-
stable absorbency properties of the present invention. How-
evcr, one skilled in the an will appreciate that ather char-
acleristics, such as the acwal panern of moditying
substitution of the polysaccharide, may also have an effect
on the water-solubility of the carboxyalkyl polysaccharide.

Carboxyalkyl ccllulose is available in a wide range of
molecular weights. Carboxyalkyl cellulosc haviog a rela-
tively high molecular weight is ofien beneficial for use in the
present invention. Nonetheless, a wide runge of molccular
wuighls are suitable for use in the present invention. It is
gencrally most convenicnt to express the molecular weight
of a carboxyalkyl ccliulose in terms of its viscosily in a 1.0
weight percent aqueous solulion at 25° C. Carboxymethyl
celluloses suitable for use in the present invention will
generally have a viscosity in o 1,0 weight pcreent agueous
solution at 25° C. of from about 10 centipoise (10 mPa.s) o
about 80,000 centipoisc (80,000 mPa.s), heneficially from
aboul 500 centipoisc (500 mPa.s) to about 80,000 centipoise
(80,000 mPa.s), and more bencficially from wbowt 1,000
centipoise (1,000 mPa.s) o about 80,000 centipoise (80,000
mPas).
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The crosslinked carboxyalkyl polysacchandes cxhibiting
improved absorhent propertics of the present invention have
been found to exhibit relatively low aqucous solution vis-
cosities a3 compared 1o carboxyalkyl polysaccharides that
do not exhibit the improved absorbent properties of the
present invention. For ¢xample, when measured as a 1.0
weight percent amount in a 0.9 weight percent sodium
chloride (saline) aqueous solution that has been allowed to
reach equilibriuvm at about 25° C. as, for example, after
about 18 hours of mixing, the carboxyalkyl polysaccharides
of the present invention have heen found to exhibit a
viscosity of less than about 400 centipoise, bencficially less
than about 300 centipoise, and suitably less than about 200
centipoise. The carhoxyalkyl polysaccharides of the present
invention bave been found to exhibit viscosities that arc
typically about 50 pereent, beneficially about 60, and suit-
ably aboui 70 percent less than the viscosity cxhibited by an
othcrwise identical carboxyalkyl polysaccharide thut has not
becn prepared or treaied to exhibit the improved absorbent
properties of the present invention. For example, if a car-
boxyalkyl polysaccharide that has not becn prepared or
treated to cxhibit the improved abserbent properties of the
prescnt invention cxhibits a viscosity of about 800 centi-
poise, a carhoxyalkyl polysaccharide that has been prepared
or treated to exhibir the improved absorbent properties of the
present invention will typically exhibit a viscosity of lcss
than about 400 centipoise, bencficially less than about 320
centipoise, and suitably lcss than about 240 centipoisc.

The method according to the present invention is found to
produce an improvement in initial AUL values in modified
poltysaccharides over a wide range of molecular weights.
Whilc high mwolecular weight, modified polysaccharides are
generally preferred. it is important that improyements in low
moiecular weight, modified polysaccharides can be
achieved. Low molecular weight, modificd polysaccharides
are generally cheaper than high molecular weight, modificd
polysaccharides, Accordingly, Lhere is an economic advan-
tage for cmploying low molccular weight, modificd polysac-
charides. Further, it is possible 10 work wilh agueous solu-
lions conlaining relatively high concentrations of low
molccular weight, modificd polysaccharides compared to
agueouy solutions containing high concenirations of high
molecular weight, modified polysaccharides. This is because
aqueous solutions of high molecuiar weight, muodified
polysaccharides exhibit a high viscosity compared o0 an
agucous solulion containing the samc concentration of low
molecular weight, modified polysaccharides. Again, for rca-
sons of efficiency, it is often desirable to form an aqueous
sofution comprising the highcst concentration of madified
polysaccharides possible while stll being able to efTectively
wark with (he aqueous solution,

Suitable carboxyalky] cclluloscs are commercially avail-
able from numerous vendors, Exemplary of a commercialiy
available carboxyalkyl cellulosc is carboxymethy] celtulose,
commerciaily available from the Aqualon Company under
the trade designation AQUALON® or BLANQSE® Cell-
lose Gum.

The carboxyalky) polysaccharides of the present inven-
tion have the ability to absord a liquid while the carbyxy-
ulky! polysavcharide i under an external pressure or load,
hercin refemed to a5 Absorbency Under Load (AUL), Syn-
thetic polymeric maierials, such as polyacrylates, having a
generally high ability to absorh whilc under a load, have
been found 10 minimize the occurrence of gel-blocking
when incorporated sn absorbent products. The method by
which the Absorhency Under Load is deteanined is set forth
below in conneclion with the cxamples. The Ahsorbeney
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Under l.oad values determined as set forth below and
reporied herein refer to the amount, in grams, of an agucous
soltion containing 0.9 weight percent sodium chloside a
gram of the modified polysaccharide can absorb in 60
minutes under a load, for example, of about 0.3 pound per
square inch (psi). As a general rule, it is desired that the
carboxyalkyl polysaccharide has an initial Absorbency
Under Load value, for a load of about 0.3 psi, of at least
about 14, bencficially of at least about 17, more beneficiafly
of at least about 20, suitably of at least about 24, more
suitably of at least ahout 27, and up 1o about 50 grams per
gram. As used herein, the term “initial Absorbency Under
Load™ is meant to refer 1o that AUL value exhibited by a
carboxyalkyl polysaccharide as measurcd within 1 day aficr
preparation of the carboxyalkyl potysaccharide when the
carboxyalkyl polysaccharide is stored at ambient conditions,
such as at about 24° C. and between about 30 to about 60
percent redative humidity. The conditions under which a
carbuxyalkyl polysaccharide is stored have been found 10
potentially have an impact on the ahsorbent propentics of the
carboxyalky! polysaccharide as it ages. Even relatively mild
conditions, such as ambient conditions, such as about 24° C.
and at lcast about 30 percent sclative humidity. suitably
betwceen about 30 to about 60 percent relative humidity, will
typically result in a degradation of the absorbent propertics
of the carboxyalkyl polysaccharide as it ages. Typically,
siorage condilions. such as relatively higher temperatures
and/or relatively higher relative hunuditics, as compared to
ambicnt conditions, may rcsult in quicker aundfor morc
severe degradation of the absorbent properties of the car-
hoxyalkyl polysaccharide as it ages.

Carhoxyalkyl polysaccharides of the presemt invention
will tend to retain their initial AUL value aftcr aging.
Specifically, carboxyalkyl polysaccharides of the present
invention may retain greater than xbout SO percent, and
suitably greaicr than about 70 percent, of their initial AUL
valuc after aging for about 60 days. Typically, the aging
conditions are a1 ambient conditions. such as at ubout 24° C,
and a1 least about 30 percent relative humidily, For example,
il a carboxyalkyl polysaccharide of the present invention has
an initial AUL value of aboul 20, that carboxyalkyl polysac-
charide may have an AUL valuc of at least about 10, and
suilubly of about 14, after aging for abow 60 days at about
24° C. and at least about 30 percent relative humidity.
Otherwise similar carboxyalky] polysaccharides wnd not to
retnin their initial AUL value after aging under similar
conditinns.

Suitably, the carboxyalkyl polysaccharides of the present
invention relain greater than about 50 percent, und more
suitably greater than about 70 percent, of their initial AUL
value after aging lor about 60 days at about 24° C. and aboul
100 percent refative humidity,

As described above, the carboxyalkyl polysaccharide is
suitably 2 carboxyalkyl cellulose, such as carboxymeihyl
ccllulose of carboxyethyl cellulose. Such a carboxyalkyl
cellulose suitably has an initial Absorbency Under Load
valuc of at lcast about 14, beneficially of a1 feast abowt 17,
marc beneficially of al least abow 20, suitably of m least
about 24, and more suitably of at least about 27 and retaing
grealer than about 50 percent, and suilably greater than
about 70 pereent, of its initinl ALIL value afier aging for
about 60 days at about 24° C. and at least about 30 perecnt
rclative humidily and, suitably, retains greater than ahout 50
percent, beneficially greater than about 70 percent. of its
initial AUL value aficr aging for about 60 days at about 24°
C. and shout 100 percent relative humidity.

Without intending to be bound thercby, it is hypothesized
that the aging phenomenon in regards to the AUL is due 1o
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the disassocialion of crosslinking points of the carboxyalkyl
polysaccharide. Crosslinking poinis can generally be
divided into two groups. Firsl, crosslinking points can be of
a relatively permanent crosslinkmg, such as with ester or
amidc linkages, rcsulling, for examplc, by the use of a
polyamine crosslinking agent, or with ionic bonding, result-
ing, for example, hy the use of a polyvalent metal ion
crosslinking agent, or with physical crosslinks resulting, for
example, from a retained crysialline structure. Second,
crosslinking puints can be of a relatively temporary
crosslinking, such as with hydrogen bonding within the
carboxyatkyl polysaccharide. In order to improve the aging
stability of the carboxyalkyl polysaccharide, it is believed to
be desirable to increase the amount of relatively permanent
crosslinking that exists within the carboxyalkyt polysaccha-
ridc but not to such gn exteni as to gver-crosslink the
carboxyalkyl polysaccharide.

The carboxyalky) potysaccharides of the present inven-
lion are suitable for use in dJisposable absorbent garments
such &s personal care products, such as diapers, truining
pants, feminine carc products, adult incontinenmt products,
and medical products such as wound dressings or surgical
capes or drapes.

It has been found tha the modificd polysaccharides of the
prescnt invention may be preparcd by a varicty of processes.
[n gencral, an aqucous mixture of a water-soluble carboxy-
alkyl polysaccharide, water and, optionally, a crosslinking
apent, is preparcd. Such @n aqueous mixture generally
compriscs {rom aboul 0.01 w about 90 weight percent,
beneficially from about 0.1 10 abowt 30 weight percent, and
suitably from about 2 to about 25 weight percent, based on
lotal mixturc weight, of the carboxyalkyl polysaccharide.
The mixture generally comprises from about 99.99 to about
10 weight percent. beneficially from about Y9.9 w abowt 70
weight percent, and suitably from aboui 98 10 about 75
weight percent water.

The dissolution of the casboxyalkyl polysaccharide into
an aqueous mixture is belicved Lo resull in cntanglement of
individual segments of the carboxyalkyl polysaccharide
with cach other. Such cntanglement results in the polysac-
charide chains inicrpenctrating one ancther in the mixture,
su that a random, coil-entangled molecular configuration
occurs which is belicved 1o effectively provide crosslinking
pointy and which assisis allowing for additional crosslinking
of the carboxyalkyl polysaccharide upon further treatmnent
as, for example, with heat- treatment, To allow for effective
cntanglement of individual scgments of the carboxyalky)
polysiccharide with each other, the mixture is suitably
allowed o form a siable. homogeneous mixtwre at equilib-
rium prior to additional trcatment steps to cnsure effective
dissolution of (ke curhoxyalkyl polysaccharide inmo 1he
watcr. It will be appreciated that a non-water-soluble postion
of the carboayalkyl pulysacchuride may exist that will
typically not dissoive ino water. For example, the rctained
crystalline arcas of a crystalline-crosslinked polysaccharide
will Lypically not dissolve in water whilc the non-crystulline
arcas typically wilt.

The carboxyalky| polysaccharide is typically dissolved in
a solvent eomprising at least about 30 weighl percent water,
beneficially ahout 50 weight percenl water, suilably aboul 75
weighl percent water, and morc suitably 100 weight percent
water. When a co-solvent is employed with the water, other
suitable solvents include methanal. ethanot, and acetonc.
However, the use or prescnce of such other, non-aqueous
solvents may impede the formation of a homogencous
mixture such thal the caspoxyatkyl polysaccharide chains do
not cffectively dissolve into the solution and interpencirate
one anather.
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Crosslinking agents suitable for use in thc presen! inven-
tion are generally water soluble. Onc suitable crosslinking
agent is an organic compound having at jeast two functional
groups or funclionalities capable of reacting with the car-
boxy), amino, or hydroxyl groups ol a carboxyalky) polysac-
charide. It is desired that such an organic crosslinking agent
bt seclected from the group coasisting of diamines,
polyamines, diols, and polyols and mixtures thereol, par-
ticularly from the group consisting of primary diols, primary
polyols, primary diamines and primary polyamines and
mixtures thereof, Of the diols and polyols, thosc possessing
longer carbon chain lengths (24) are generally beneficial.
Specifically, the crosslinking agent may be selected from the
group consisting of chitosan glatamale, type A gelatin,
diethylenciriamine, clthylene glycol, butylene glycol. poly-
vinyl alcohol, hyaluronic acid, polycthylene imine and their
derivatives and mixiures thereof. Other suitable organic
crosslinking agents include monochioroacctic acid, sodium
chloroacctate, citric acid, bulane tetracarboxylic acid, and
amino acids such as aspartic acid, and mixiures thereo!.

The presence of a crosslinking agent, particularly a
diamine or polyamine, in centain processes of the present
inventien, may improve the initial Absorbency Under Load
valuc of a carboxyalkyl polysaccharide according to the
presem: invention when compared to an otherwise identical
carboxyalkyl polysaccharide without a crosslinking agent in
an otherwise similar process Specifically, the carboxyalky]
polysaccharides prepared using a crosslinking agent may
suitably have an initigl Absorbeney Under Load value of at
Icast about 10 percent, and beacficially at least about 20
pereent, greater than an otherwise identical carboxyalkyl
pulysaccharide without a crosslinking agent, The otherwise
identical carboxyalkyl polysaccharide will have the samc
composition and be preparcd in a process exacuy bike the
carboxyalkyl polysaccharide of the present invention, except
it will not comprise the crosslinking agent.

Amuother suilable crosslinking agenl compriscs a metal ion
with more than two positive charges, such as AIY~, Fe*',
Ce™™. Ti*, Zr*,-and Cc®*. Suitable meial ion crusstinking
sgents include those of the transilion elements which pen-
erally have vacanit d-orbitals, Suitable metal ion crosslinking
agents include AICL;, FeCl,, Cey(80,),;, Zr(NH,) (CO,),
and Ce(NH,),(50,)4-2H.,0, other well known meta! ivn
compounds and mixtures thereof. Such metal ion crosstink-
ing agents, when used with a carhboxyalky! polysaccharide,
arc helicved to form jonic bands with the carboxyl groups of
the carboxyalkyl polysaccharide. Metal ions with only two
positive charges, such as Zn?*, Ca?", or Mg*", have gener-
ally been found to not provide sufficient crosslinking of the
carboxyulkyl polysaccharide to result in the desired absor-
bent properties of the present invention. The crosslinking
neent is generally used in an amount of from about 0.01 1o
about 20, beneficially of from aboul 0.05 to aboui 10, &nd
suitably ol from about 0.1 to about 5 weight percent, based
an tolal weight of the carboxyalkyl polysaccharide present
in the mixture.

Generally, the arder of mixing the carboxyalkyl polysac-
charide, watcr, and crosslinking agent is ot critical when a
crosslinking agent is used. As such, either the carboxyalky)
palysaccharide or the crosslinking agent may be added to the
water and then the remaining material subsequently added,
or all three matcrials may he added together at the same
limc. However, it may bc beneficial. when using ceriain
crosslinking agents, 0 irst add 1the carboxyalky) polysac-
charide and water and then to add the crosslinking agent to
the mixture, For example, if citric acid is used as the
crosslinking agent, it may be benceficial that the carboxyalkyl
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polysaccharide and water first be mixed together and then
the citric acid be added 10 the mixture,

In gencral, a crogslinking catalyst will not be needed, bul
may bc boneficial, to assist in the crosslinking of the
carbuxyatkyl polysuccharides of the present invemion. For
example, .if citric acid is used as the crosslinking agent,
sodium hypophosphitc is bencficially used as a crosslinking
cawlysi. Such crosslinking catalysls can be used in an
amount of from about 0.01 1o about 3.0 weight percent,
suitably from about 0.1 to aboul 1.0 weight pereent, based
on the total weight of the carboxyaikyl polysaccharide used.

The aqueous mixwure of a carboxyalkyl polysaccharide,
waler, and, optivnally, a crosslinking agent, can generally be
formed al any tempcratuwre at which the carboxyalkyl
polysaccharide is soluble in the water. Geacrally, such
icmperaturcs will be within the range of from about 10° C.
to about 100° C. As a general rule, it is suilable to forn the
mixture with agitation.

The z2queous mixture may be acidic (a pH of less than 7),
ncutral (a pH of 7), or basic (a pH greater than 7). IT desired,
the mixture can be acidified by the addition of an agueous
solution of an iporganic acid, such us hydrochloric acid,
nilric acid, or the like, or an aqueous solution of an organic
acid, such as acetic acid, or the like. Similarly, if it is desired
to provide the aqueous mixture with a bagic pH, a base such
as an agueous solution of sodium hydroxide, potlassium
hydroxide, ammonia, or the likc can he added to the mixmure.

The agueous mixture will generally have u pH within the
rangc of from about 2 to about 12, beneficially from about
4 10 2bout 9, more beneficially from about 4 10 about 7.5, and
suitably from about 6 to about 7.5. The recovered carboxy-
alky) polysaccharide will generally have the same pH as the
mixlure. However, when the carboxyalkyl polysaccharide is
recovercd by evaporative drying, the evaporative drying step
gencrally tends to lower the pH of the recovercd carboxy-
alkyl] polysaccharide if thc mixwre is initially basic.

When the carboxyalkyl polysaccharide of the present
invention is intcnded for usc in personal care products, such
as diapcrs, training pants, «nd feminine care products, it 1§
typically desired that the carhoxyalkyl polysacchanide have
u geaerally neutral charscter. For this rcason, it is gencrally
bepeficial that the aqueous mixture he formed with & gen-
crally ncutral pH. If (e aqueous mixture is formed with an
acidic or basic pH. the recuvered carboxyalky! polysaccha-
ridc may be acidic or basic (respectively) but may be
neulralized. A recovered carboxyalkyl polysaccharide which
is acidic may be ncutralized, for example, by contacting with
a gaseous base such s ammonia, A recovercd carboxyatkyl
polysaccharide which is basic may be ncutaalized, for
cxamplc, by contacting with an acidic gas such as carhon
dioxidc.

After forming a mixturc of carboxyalkyl polysaccharide.
watcr, and, optionally, a crosslinking agent, the carboxyalkyl
potysaccharide is recovered frum the mixwre. Any method
of recovenng the carboxyalkyl polysaccharide (rom the
mixiare, without unacceptably deteriorating the absorption
charzrteristics of the carboxyalkyl polysaccharide. is suit-
able for use in the present invention., Bxamples of such
methods include evaporative drying, freeze drying. precipi-
tation, critical point drying, and the like.

As uscd herein, recovery of the carboxyalkyl polysaccha-
ride from the mixture is meanl to represent that substantially
al! ol the water 35 separated from the carboxyalky] polysac-
charide prior 1o additivnal treatrnent steps. 1 will be appre-
ciaed, howcever, that even aficr removal of substantially all
af the water, 2 small emount of watcr may remain entrapped
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within the stmcture of the carboxyalkyl polysaccharide. The
amouni of water remainiag entrapped within the stniciore of
the carboxyalky! polysaccharide will typically depend on the
method and conditions under which the carboxyalkyl
polysaccharide is recovered. Generally, less than about 15
weight percent, beneficially less than about 10 weight per-
cent, and suitably less than about 5 weight pereent, of the
original amount of water in the mixture will remain
entrapped within the recovered carboxyalkyl polysaccha-
ride.

Suitably. the carboxyalkvl polysaccharide is recovered
from the mixture with evaporative drying. As a general rule,
the carboxyatkyl polysaccharide can be recovered by cvapo-
rative drying al a tcmperalurc within the rangc of from ahout
10° . to about 100° C., suitably from about 50° C. to about
§0° C. Naturally, higher temperatures can be ernployed if the
mixture is placed under pressore. Lower (cmperatures can be
cmployed if the mixmre is placed under a vacuum.

Other methods of recovery include precipitation in which
a precipitating agent, such as methanol, ethanel or acetone,
is added 10 thc mixwre of carboxyalkyl polysaccharide,
waler, and, oplionally, a crosslinking agent, to precipitalc the
carboxyalky! polysaccharide out of the mixture. The car-
boxyalkyl polysaccharide can then be recovered by filtra-
tion. If precipitation is used 1o recover the carboxyalkyl
polysaccharide, it may be desirable to wash the recovered
carboxyalkyl polysaccharide to remove the precipilating
agent.

Depending on the form in which the curboxyalkyl
polysaccharide is recovered, it may be necessary or desirable
to alter the form of the carboxyalkyl polysaccharide. For
cxample, if evaporative drying is cmployed, the carboxy-
alky! polysaccharide may be recovered in the form of a fitm
or sheet. It may be desirable 10 comminute the film or sheet
material into particles or flakes of material.

The form of the recovered carboxyalkyl polysaccharide
desired will depend 10 a large extent on the usc for which it
is imendcd. When the carboxyatkyl polysaccharide is
intended for use in absorbent personal carc products, it is
generally desired thar the carhoxyalkyl polysaccharide be in
the form of a discrete particle, fiber or flake. When in the
form of a particle, it is generally desired that the particle
have a muximum cross-sectional dimension within the range
from about 50 micromelers w ahout 2,000 micromelers,
suitably within the range from about 100 micrometers o
ahout 1,000 micromcters. beneficially within the range from
about 300 micrometers 1o abouwt 600 micrometers.

In general, the recovercd carboxyalkyl polysaccharide
may necd to be heat-treated at an clevated temperature for a
period of lime. Such heat-trestment generally resul(s in
crossiinking or additionally crosslinking the carboxyaiky)
polysacchande in order to achicve the desired initial AUL
valuc and aging stabilitv as described herein.

However, if, [or example, cilric acid is used as the ;

crosslinking agent and sodium hypophosphite is used as a
crosslinking catalyst, it may be possible to prepare a car-
hoxyalkyl polysaccharide which cxhibits an cfcctive initial
AUL, value and improved aging stability without the need
for a furiher process step, such us heai-treatment, afier
recovery of the carboxyulky! palysaccharide from the aque-
ous mixture.

in general, if heai-lreatntent is necessary, any combination
of temperzture and time which §s effective in achieving a
desired degree of crosstinking. without undesieable damage
to the carboxyalkyl polysaccharide, so that the carboxyalkyl
polysaccharile cxhibiis a desired initia] AUL value and
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aging stability as described herein, is suitable for use in the
present invention As a gencral rule, when a crosslinking
agent is used, the carboxyatkyl polysaccharide will be
heat-treated at a temperature within the range from about
50¢ C. 10 about 250° C., bencFcially from about 80° C, 0
about 250° C,, more benchcially from about 100° C. to about
200° C., and suitably from about 100° C. to about 160° C.
The higher the tcmperawre cmployed, the shorier the period
of time generally necessary to achieve the desired degree of
crosslinking, It has been found that if very high temperatures
arc used with an effective length of time, such as a tem-
perature between about 200° C. and shout 250° C, for a
length of time between about 50 and about 90 seconds. an
eflective inilial AUL vajue and sufficicat aging stability may
he achieved for a carhoxyalkyl polysaccharide without the
use of a crosslinking agent, Generally, the heal-treating
process will cxtend over a time period within the range of
from about | minute to aboyt 600 mimites, bencficially from
about 2 minutes to ahnut 200 minutes, and suitably from
about 5 minutes to about 100 minutes.

By providing an aqueous mixwre of carboxyalkyl
polysaccharide, water and, optionally, a crosslinking agent,
with an acidic character, the time nccessary to effect the
crosslinking may bc shortencd. Without intending to be
bound hereby, this is belicved to be becanse a weakty acidic
carboxyalky! polysaccharide will generally have more free
carboxylic acid groups present so that more ester linkage
bonds may be formed cven during 2 relatively low iempera-
ture hear-ireatment. Providing the aqueous mixturc with a
slightly basic character wends to lengthen the time of the
crosslinking process, at a given temperature, compared (o 3
slightly acidic or neutral mixtwre. Nonetheless, similar gen-
eral absorplive properties can generally be achieved with
cither an acidic, neutral, or basic agueous mixture, In some
instances. it may be desired to provide the ayueous mixture
and the rccovered carboxyalkyl polysaccharide with an
acidic characler in order Lo lower the temperature or shorten
the time of the heat-treatment. 1n this instance, the carboxy-
alkyl polysaccharide may be neutralized after the heat-
treatment step,

The heat-ireating process generally causes the carboxy-
alkyl polysaccharide to crosslink or additionally crosstink
and become generally water swellable and water inselubie,
Without intending to be bound herchy, it is believed that the
heat-trealing process causes the carboxyalkyl polysaccha-
ride to undergo a degree of self-crosslinking, not rclated to
the prescace of a crosslinking egent. thraugh the formation
of ester linkages, This self-crasslinking is in addition to any
crosslinking caused by the prescnce of a crosslinking agent.
Further, when ihe crossiinking agent is e diamine or
polyamine, it is belicved thal crasslinking occurs through
amidation of the carboxy) group through the formation of an
ammonia salt. Esterification, through a sell-crosslinking
process, is belicved 10 occur primarily under a weakly
acidic, newral, or slightly basic condition. Esterification,
through a self-crosslinking process, is not belicved to pro-
ceed to a significant degrec under relatively basic condi-
tions. Crosslinking duc to the crosslinking agent may occur
under both actdic and basic conditinns. Thus, the presence of
the crosslinking ngent allows for erossiinking to ovcur over
i broad pH tange.

There is generally an optimum degree or amount of
crosslinking of a particular carboxyalkyl polysaccharide that
optimizes the inidal Absoibency Under Load valuc and
aging siahility of the particular modified polysaccharide. If
1oo litle crosslinking occurs, the carboxyalkyl polysaccha-
ride may posscss a cclatively low initial Absorbency Under
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Load value due to a lack of gel strength. I oo much
crossiinking occurs, the carboxyalky) polysaccharide may
similarly have a relatively low initial Absorbency Under
Load value due 10 the inability of the carboxyalky] polysac-
charide to gbsorb liguid.

Those skilled in the arl will recognizc that the presence of
crosslinks formed by esterificadon or amidation can be
detccted  through various analytical techniqucs. For
cxample, infrared speciroscopy and nuclear magnetic reso-
nance can be used to verify the presence of cster and armide
crosslinks.

In anather aspect, the present invention relates to 2
watcr-swellable, water-ingoluble carboxyalkyl polysaccha-
ride charactcrized in thal the carboxyalkyl polysaccharide
pusscsscs crosslinks formed by csterification and amddation,
Such a carboxyalkyl polysaccharide is suilably formed by
the mcthods described abowve. Nonetheless, the described
methods are not intended 10 be the exclusive methods by
which such a carboxyalkyl polysaccharide can bc formed.

TEST METHODS

Absorbency Under L.oad

The Absorbency Under Load (AUL) is a test which
measures the ability of an sbsorbent material w absorb u
liquid (such as a 0.9 weight pcreent solution of sodivm
chloride in dislilled water) while uader an applicd load or
restraining force.

Referring to FIG. 1, the apparatus and method for deler-
mining AUL will be described. Shown is a perspective view
of the apparatus in position during a tesl. Shown is a
labomtory jack 1 having an adjustable knob 2 for raising and
Jowering the platform 3, A iahoratury stand 4 suppons a
spring 5 connected to a modificd thickness meter probe 6,
which passes through the housing 7 of the meter, which is
rigidly supported by the laboratory stand. A plastic sample
cup 8, which contains the superabsorbent malcrial samplc to
be tesied, has a liquid-permeable bottom and rests within a
Peiri dish 9, which contains the saline solution w0 be
absorbed. A weight 10 rests on top of a spacer disc (not
visible) resting on top of the superabsorbent matcrial samplc
(not visible).

The sample cup consists of a plastic cylinder having a 1
inch inside diameter and an ouwide diameter of 1.25 inches.
The botlom of the sample cup is formed by adhering 2 100
mesh metal sercen having 150 micron openings to the end of
the cylinder by heating the screen above the melting point of
the plastic and pressing the plastic cylinder against the hot
screen (0 melt the plastic and bond the screen to the piastic
cylinder.

The modified thickness meter used 10 measure the expan-
sion of the sample while absorbing the salinc solution is &
Mimoyo Digimatic Indicator, IDC Series 543, Modcl 543-
180, having a range of 0-0.5 inch and an accuracy of
0.00005 inch (Miwtoyo Corporaton, 31-19, Shiba 5-chame,
Minato-ku, Tokyo 108, Japan). As supplicd from Miwtoyo
Corperation, the thickness meter containg a spring attached
tv the probe within the meter housing. This spring is
removed to provide a frec-falling probe which has a down-
ward force of about 27 grams. In addition, the cap over lhe
lop of the probe, locaied on the 1op of the meter housing, is
alse removed o coable attachmem of the probe to the
suspension spring 5 (available from McMaster-Carr Supply
Co., Chicago, WWl. [tem No. 9640K41), which scrves to
counter ar reduce the downward force of the prohe 0 abowt
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1 gram, 30.5 gram. A wire hook can be glued to the top of
thc probe for allachment 1o the suspensiun spring. The
bottom tip of the probc is also provided with an ¢xtension
needle (Mitutoyo Corporation, Part No. 131279) to enable
the probc to be ingericd into the sample cup.

To carry out the test, a 0.160 gram sample of the absorbent
material, which has been sicved 10 a particle size between
300 and 600 micrans, is placed into the sample cup. The
sample is then covered with a plastic spacer disc, weighing
4.4 prams, which is slighuly smaller than the inside diamcter
of the sample cup and serves to protect the sample from
being disturbed during the test. The 100 gram weight is then
placed on top of the spacer disc, therchy applying a load of
about 0.3 pound per square inch, The sample cup is placed
in the Petd dish on the platform and the laboratory jack
raised up until it contacts the tip of the probe. The meter is
zeroed. A sufficient amount of saline solution is added w the
Petri dish (50-100 milliliters) to begin the 121, The distance
the weight is raised by the expunding sample as it ahsoibs
the salinc solution is measured by the probe. This distance,
multiplicd by the cross-scctional area inside the sample cup,
is a mcasure of the expansion volume of the sample due o
absorption. Factoring in the density of the saline solution
and the weight of the sample, the amount of saline solution
absorbed is readily calculated. The weight of saline solution
absorbced after about 60 minutes 1s the AUL value expressed
as gramns salinc solution absorbed per gram of absorbent. If
desired, the readings of the modified thickness meter can be
continuously inputted o a computer Mitutoyo Digimatic
Miniprocessor DP-2 DX) to make the calculations and
provide AUL readings. As a cross-check. the AUL can also
be detcrmined by detcrmining the weight difference between
the sample cup before and after the test, the weight differ
ence being the amount of solution absorbed by the sample.

EXAMPLES

Example |

Two sodium carboxymethyl celluloses (CMC) commer-
cially available from the Aqualon Company under the trude
designation AQUALON® Cellulose Gum CMC-7HCF or
CMC-9H4F are provided. The CMC-7HCF has an average
dcgree of substitution of about 0.7 and a viscosity in a |
percent aqucous solution at 25° C. of about 1000--2800
centipoisc. The CMC-9H4F has an average degree of sub-
stitution of aboul 0.9 and a viscosity in a 1 percent agueous
solution at 25° C. of about 2500-6(KK) centipoise. Each
carboxymelbyl cellulose is individually dissolved in dis-
tilled water to form a solution containing, 2 weight percent
carthoxymethyl cellulose hascd on total solution weight. A
crosslinking agent is dissolved in waler to form a solution
containing 0.5 wcight percent of the crosslinking agent
based on total solution weight. 1he crosslinking agents
cmployed are chitesan glulamale, commercially available
from Protan Biopolymer A/S, Norway, under the trade
designation Sea Curc G; 1.4-buiylene glycol, commercially
availablc from the Aldrich Chemical Company: polyethyl-
enc imine (molecular weighn 50.000-100,000) commer-
cially available from Polysciences, Inc.: sodium szt of
hyaluronic acid conunercially available from Sigma; Type A
gelatin commcercially available from the Aldrich Chemical
Company under the trade designation 300 Bleoom; and
diethylene triamine commercially avaiiable from the Aldrich
Chemical Company. The aguecus solution containing the
crosslinking agent is then added to the individual agueaus
solutions containing the carboxymethyi cellulose 10 provide
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vanous concentrations of crosslinking agent based on total
weight of the carboxymethy] ccllulose present in the ague-
ous sotution. The resulling mixturcs conlaining waler, car-
boxymethy] cellulosc, and crosslinking agent are then thor-

20

As con be scen from reference o Table 1, the method
according to the present invention significantly increascs the
inilial Absorbency Under Load value of the starling car-
boxymethyl ccllulose matcrials. All of the crosslinking

oughly mixcd, The carboxymethyl cellulose is recovered 5 agents employed are effective to incseasc the initial Absor-
from the solution by evaporalive drying at 80° C. in a Bluc bency Under Load values. Further, it is scen that the
M air-convection oven. Afler drying, the recovercd car- crosslinking agents are cffective over a range of concentra-
boxymethyl cellulose is ground mnto granules in a blender lions.
and heal-treated at various times and temperatures in an
oven. Various combinations of carboxymethyl ccllulose, 10 -
crosslinking agent, concentration of crosslinking agent, Example 2
heal-wcatment temperature and heat-treatment time  arc The chitosan glutamate aqucous solution employed in
made. The initial Absorbency Under Load valucs of the Example | is weakly acidic. In order (o cvaluate the cffcct
various carboxymethy] cclluloses so preparcd are measured. of pH. a basie crosslinker (dicthylenetriamine, commercially
The exact combination of carboxymethyl cellulose and 15 jeailable from the Aldrich Chemical Company), is used.
crosslinking agent and its initial AUL value are set forth in Again, a carbox ymethyl cetlulose (CMC-THCF) is dissolved
Table 1. Similarly, control samples of the carboxymcthyl in distilled water (0 form a 2 weight percent aqueous
cellvlase CMC-THCF and CMC-9HAF are tested for AUL solution. The dicthylenetriamine is dissoived in water to
values. These results arc also sct forth in Table |. form a 0.5 weight pcreent agqucous solution. The aqueons
TABLE |
Iaitial
Semple Crosslinking Crossiinking Agent “Preatment Treument AUL Value
No, CcMC Agent Concenration” Temp, €°C.)  ‘Time (min) (g/g)
|34 CMC.-THCF Nong — — _ 4.9
2*  CMC-THCF  None - 150 33 223
a» CMC-THCF  Chitnan Gluunmte 03 — —_ 1.1l
4 CMC-THCF  Chitesan Glotamase 03 140 60 ne
5 CMC-7HCF  Chitosen (tutamaze 03 P40 0 292
4 CMC-7HCF Chitosan Giutamate 0.3 140 w5 LR
7 CMC-THCF  Chitosan Glutamate 0.3 140 1] 229
B* CMC-THCF  Chitoran Glutamate 0.5 - - 4.8
9 CMC-7HCF  Chitosan Glutamate Q.5 123 60 13.2
10 CMC-THCPF  Chitotin Gletaratg 0.5 140 20 la.4
11 CMC-7HCF Chitosun Glutamate 0.5 140 30 22
12 CMC.THCF Chitosan Glusumnie 0.5 140 35 243
3 CMC.THCF  Chitosan Glutsmale 0.5 140 10 219
14*  CMC-THCI  Chitossn Glutareye 10 — - 6.0
13 CMC-7THCE  Chitosan Glotanmie 10 125 60 156
16 CMC-JHCF  Chitosan Glotamats 10 125 %0 17.6
17 CMC-7THCF  Chitosan Ghutamaze 1.0 125 {10 19.8
iR CMC-THCF  Chitosan Gluzamate 1.0 128 120 154
19*  CMC-9H:F  Naoc — — - 8.5
20°  CMCIHIF  Chitosan Glotamane a5 — - A
21 CMC-9HaF  Chitosns Glutarmmae 0.5 130 80 2.4
22 CMC-9H4F  Chitosan Gintamate 03 10 90 271
3 CMC-9H4F  Chitosan Giutamsie 0.5 140 30 24.4
24 CMC-9HAF  Chitosar Glutanime Q.5 150 kit} n3
25 CMC-THCFE 1 4-butylene plycol a5 150 40 i9.7
26 CMC-THCE 1, 4-bulylene glycol 0.5 130 30 255
27 CMC.TRCF  1.4-beiylene glycol 0.5 150 [y 258
28 CMC-THCF  Ld-buvienc glycol Q.5 150 &0 29
29 CMC-THCE  §,4-butylenc glyent 10 150 30 212
o CMC-THCF  1,2-boiylens plycot 10 150 50 21,5
L CMC-THIF | 4-botylon: gly<ol 10 150 70 5.8
12 CMC-7HCE  1.2-buwlens glycol Lo 150 E1e} 229
13 CMC-TICE  polyethyicoe {mxng .o 150 10 132
a2 CMC-THCE  polycthylene imine 1.0 150 20 17.3
35 CMC-THCF  polyeitiylens imine 10 150 30 157
35 CMC-THCF  polyethylear imine 20 150 0 173
7 CMC-THCY  polyethylone dmminc 20 150 30 218
38 CMC-THCF  polyethylene irine 20 150 50 187
39+ CMC-7HCF  hyaluronic acid 0.5 -_ - 6.1
2n CMC-THCIF  hyalusenic acid 0.5 150 30 210
4 CMC.THCF  hyalwronic acid 05 150 10 21,9
12 CMC-THCF  hyalurgpic acid 05 150 15 783
43 CMC.THCF  hyalcronie aiid t] 150 50 219
X CMC.THCE  gelatin 20 125 40 15,3
43 CMC-THCF  gelstin 20 i15 50 19.7
4% CMC-7HCF  gelztin 20 125 60 178
a7 CMC-7HCF  diethylene triamine 2.0 125 &0 8.6
48 CMC-1CT  dictylenr iriaming 2.0 125 105 5.2

<Ngt a1 example of the present inventiun
'Weight pereent bascd o2 total weight cabusymetiy! collotose
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solution of diethylenetriaming is then added to the ayueous
solution ol carboxymethyl ccllulose 1o provide a dicthylen-
curiamine cuncentration of 2.0 weight percent based on total
weight of the carboxymcthyl cellulose present in the ague-
ous solution. The carboxymethyl cellulosc is then recovered
by evaporative drying and comminuted into particles as
described in Example 1. A comparison material is prepared
by dissolving carboxymethyl cetlulose (CMC-7HCF) in
distitled water to form a 2 weight percent solution. To the
aqueous solution of carboxymethyl ccllutose is then added
0.004 weight percent sodium hydroxide. The comparison
carboxymethy] ccllulose is recovered and comminuted into
particles as described in Example 1. Bath samples are then
heated at various lemperatures for 30 miautes. The resulting
polymers are tested for initial Absorbency Under Load. The
resulls of ehe testing are set {orth in Tablc 2.

TABLE 2

Trea-
menl ALL

Sample Treaunznt  Time  Valbe
No. Composition Tewp (°C.) (win) (g'R)
49  CMU/¢iethylencaiamine 80 o - &2
50 CMCidiethykoetriamine 10 30 62
51  CMCidicthylenctriantine 120 30 6.5
52 CMCidicthylenewriandgne 130 30 T
53 CMCidiethylenctriamine 140 30 111
54 CMCfdiethylencmiamine 150 1] 17.9
55  CMC{dicthylenciniaminge 160 30 15.9
56 CMCidicthyknetinmice 17 10 14.0
51¢  CMClsodiem hydroxide B0 30 6.1
58" CMChsodium hydroxide 110 30 6.0
59*  CMCfsodivm hydroxide 120 30 5.6
G0*  CMCfsodium bydroxide 130 30 60
61* CMChodium hydroxide 140 30 5.9
62¢ CMCfsodinm hydroxide 150 0 53
63* CMChwodium hydroxide 160 w 54
64* CMChoadium hydroxide 180 30 4.3

*No? an exampic of the presznt inventon,

As can be seen from reference to Table 2, the carboxym-
cthyl cellulesc without a crosslinking agent, under basic
conditions, exhibits uo improvement in initial Absortency
Under Load values through the heat-ureating step. In con-
trast, the carboxymethyl cellulose containing the basic
crosstinker, diethylcne ujaminc, is scen to exhibit an
improvement in initial AUL value as a result of the heat-
trcating step. This is believed to indicate that a self-
crusslinking of the carboxymethyl cellulosc does not readily
occur at relatively basic pH.

Example 3

Samplc Nos. 65-71 are prepared by (orming an agucous
solution containing 2 weight percent of carboxymeihyl
cellulose (CMC-7HCF). To the aqueous solution is added an
amount of sodium hydroxide sufficient to bring the pH of the
solution 10 9. No crosslinking agent is prescnt in the solu-
tinn. The carboxymethyl cellnlosc is then, according to the
method of Example |, recovered. comminuted, heat-troated
at 150° C. for various limes. and Icsted for Absorbency
Undcr Load.

Sample Nos. 72-77 arc prepared by forming an aqueous
solution comprising 2 weight percent carboxymethy! cellu-
losc (CMC-THCEF). To the solution is then added 0.5 weight
pereent chitosan glulamate in the manner set forth in
Fxample 1. The solutiun is found to have a pH of about 7.4.
The carboxymethyl ccllulose is then, according to the
micthod of Example 1, recovered, comminuled, heat-treated
at 130° €. for various times and tested forinitial Absorbency
Under Load.
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Sample Nos. 78~103 are prepared in the samc manner as
Sample Nos. 72-77, excepl sodium hydroxide is added to
the aqucous solution containing carboxymethyl celiulose
and chitosan glutamate prior to recovery. The amount of
sodium hydroxide added is sufficient 1o bring the pH of the
salution 10 9.2, 10.1, or 10.9. The carboxymethyl ceilulosc
is then, according to the method of Example 1, recovered,
comminuted, heal-treated at 150° C. for various timcs and
tested for initial Absorbency Under Load.

‘The results of this testing (sample nos. 65-103) are set
forth in Table 3.

TABLE 3

Treaz-
Semple men:  [rdtal
Valee Crosshnking Trearment  Time AVUL

No.  Agent pll  Temp (*C.)  (min) @)
65* Nenc %0 — - 49
66* None 4$.0 150 30 69
67° Noae 9.0 150 50 6.9
68* None 2.0 150 80 66
69* Nonae 9.0 150 1o 65
70* Nonc SN 150 150 6.6
T+ None S0 150 180 64
T2*  Chitosan ghuamate 74 —_ -— 4.8
73 Chitosan glutarnate ke 150 15 111
74 Chitogan glutimate 74 150 22 19.6
75 Chitosan glotamsic 24 150 0 224
16 Chitosan glutamate 74 150 45 202
3?7 Chitosan plulamute 7.4 150 60 17.8
78* Chitosan ghuamate 9.2 — — 4.9
79  Chiwsin glutamate 9.2 150 15 ]
80  Chiwsan glutamats 9.2 150 30 0.6
81 Chitoszn glutsmate 9.2 150 45 19.5
#2  Chirosan glutamate 912 150 60 235
83  Chitosan glutamaie 4.2 150 70 24.1
84 Citosan phitamare ¥ 150 EQ 232
BS  Chliosan ghvrmate vz 150 1720 250
86  Chitosan ghunmae 9.2 150 150 265
87  Chilosan glutamale 9.2 150 180 274
88  Chitusan glotamate 9.2 i50 240 216
89* Cldosan glutamale 10.1 - - 49
90 Chitusn glitamaee 16.) 150 0 7.1
91  Cuitosan plutamare 10,1 150 . 0 83
91 Chitosan ghimmate 10.1 150 170 16.1
93 Chitosan ghugmnaie 10.1 130 150 93
94 Chitosan gluaman: 10.1 150 180 212
95 Chitnzan glutamaie 10.1 150 2i0 0.5
9%  Chitogan glutamaie 10.1 150 240 230
97+ Chitosan glolamgte 109 —_ — 49
98  Chitnsan glhisimate 10.9 150 ;4] 7.2
99  Chitosmn glutemate 109 150 110 9.6
100  Chitosan ghnamazs we 150 120 13
101 Chitosan ghutamate 09 150 156 138
120 Chitosan glutnmate ®r9 150 180 158
103 Chitosan glutamste o9 150 240 194

*New an example of the prescm invcotion

As can be seen from wcference 1o and Table 3, basic
carboxymcthyl cellulose containing no crosslinking agemt
(Sample Nos. 65-71) ¢xhibits no significant improvement in
initial Absorhency Under Load values as a result of heal-
treaiment. In contrast, Samplie Nos. 72-103 show improve-
ments in initial AUL values. [t is scen thal, at alower pH, the
heat-treatment time required to optinize initial AUL valoes
13 shurter than at a higher pH.

Examplc No. 4

A carboxymethyl cellulese commercially available from
Aqualon Company under the wade designalion AQUA-
LON™ Cellulose Gum CMC-7L is provided. This ear-
boxymethy] cellulose has a relatively low molecular weight
ealiibiting 2 viscosity in a 2 percent gqueous solution a2 25°
C. of aboul 25-50 centipoise. Sample No. 104 (comparative)

\L7
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is preparcd by forming an aqucous solution containing 2
weight percent of the carbexymethyl cellulose (CMC-7L),
The carboxymethyl ccllulose is recovercd and dricd as
described in Example 1. The material is found 1o have an
initial Absorbency Under Load value of 2.1. Sample No. 105
(comparative) is prepared in the same manner as Sample No.
104 with the exception that, aficr recovery, the material is
comminutcd and heat-treated at 170° C. for 160 minutes.
The resultant material is found 10 have an initial Absorhency
Under Load value of B.6. Nrither material contains a
crosslinking agent,

Sample No. 106 is prepared by forming an aqueous
solution containing 2 weight percent of the carboxymethyl
cellulosc (CMC-71.). To the aquecus solution is added 1
weight percent chitosan ghitamate in the manncr set forth in
Example 1. The carboxymethyl celtulose is then recovered
and comminuicd as set forth in Example 1. The resubiant
material is then heat-treated at 170° C, for two hours. The
resuhing material is found to have an initial Absorbency
Under Load value of about 14.7.

From the above, it is scen that the presence of the ehitosan
plutamatc crosslinking agent greatly improves Lhe initial
Absorbency Under Load value of low molccular weight
carboxymethyl cellulose compared (o nonheat-ucaicd matc.
rials and heat-treated matcrials not containing a crosslinking
agent.

Example No. 5

To determine the aging characteristics of absorbent mate-
rial according to the present invention and comparauve
absorbeat material, the following samples are provided:

Sample No. 107 is prepared similarly to Sample No. 2.

Samplc No, 108 is prepared similarly to Sample Nos.
25-28. except the material is heated at 150° C. for 70
minules,

Sample No. 109 is prepared similarly (o Sample No. 42.
A difTerem initial AUL valuc is obtained.

Sample No. 110 is prepared similarly to Sample No. 24,
cxcopt the material is heated for 20 minutes.

Sample No. 111 is prepared according to the mcthed of
Example 1 employing cthylenc glycol as the crosslinking
agent. The material is heat-trealed at 170° C. for 30 minutes.

Sample Nos. 107-111 were placed in a temperature and
humidity controlled cnvironment. The tempemature was
maintained at 24° C. and the humidity was maintaincd at 30
percent relative humidity. The samples were lested for AUL
value at various points throughout the 60-day aging study.
The results are set fonh in Tuble 4. The repanted “AlIL
retention” is the 60-day AUL reported as a percentage of day
0 (initial) AUL. Tha is, 60-day AUL. divided by 0 day AUL..

TABLE 4
AUL Value (g/a)
Sampls O 4 g 12 % 50 o AUL
No. days days days days  days cdays days Retention
107+ 223 170 142 1Y 120 36 7 W5

W8 159 209 225 224 209 09 2.5 83.1
109 245 227 208 28 193 181 188 76.7
"0 2.8 204 209 127 170 151 162 4.3
11 218 200 19 RS 163 161 158 ns

“Nat an example of the present invention
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As can be seen from roference to Table 4, while heat-
treatment alone can, in the abscnee of a crosslinking agent,
provide an

As can be secn from reference to Table 4, while heat-
treatment alone can, in the abscnce of 2 crosslinking agent,
provide an accepiable initiat AUL, the 60-day AUL retention
is only 34.5 pereent (Sample No. 107). The presence of a
crosslinking agent according to the present invention pro-
vides an improved 60-day AUL retention (Sample Nos.
108-111).

Exampic 6

The use of polyvalent meial ions is evatuated for use as
crosslinking agemts, A carboxymethyl cellulose is dissolved
in distilled water 1o form solutions containing 2 weighi
pereent carboxymethyl cellulosc based on total solution
weight. A metal jon crosslinking agent is dissolved in waler
to form a solution. The agucous solulion containing the
metal ion crosslinking apent is then added o individual
aqueous solutions containing the carboxymethyl cellulose 10
provide various concentratons of crasslinking agent based
on 1otal weight of e carboxymcthyl cellulose present in the
agucous solution, The resulting mixtures containing water,
carboxymethy! cellulose, and crosslinking agent are then
thoroughly mixed, The carboxymethy! cellnlose is recov-
cred from the solution by evaporative drying at between
about 30° C. and about 50° C. After drying, the recavered
carboxymethyl cellulose is ground and screened into 300 o
600 micrometer granutles. The granules are then heat-treated
al various limes and temperalures in an oven, Various
combinations of carboxymethyl cellulose, metal ion
crosslinking agent, concentrmtion of crosslinking agent,
hedl-treatment temperaiure and  heat-lreatment time arc
madc. The initial Absorbency Under Load values, as well as
the aging characteristics, of the various carboxymethyl cel-
luloses so prepared are measured. For the aging character-
istics lesting, ambient conditions of about 23° C. and
between about 30 to about 60 percent relative humidity ane
used. The exact combination of carhoxymethy) cedluiose and
crosslinking agent and its AUL value are set forth in Table
5. Similarly, control samples of the carboxymethyi celiulosc
are tested for AUL valucs, Thesc resulls arc also set forth in
Table 5.
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TABLE 5
Crosslinking
Sample Crosstinking Agent Treatment Treamment AU Vaive (g/g)

No. CMC Agent Concentration’ Temp. ("C}  Time (min}) O0days 200 days
112¢ CMC-TH4F = _ _ — KA —_
113¢ CMC-THAF o -— 140 90 A7 104
1i4 CMCTIAF - a1qL, 0.s — —_ 9.0 19.2
115 CMC-7H4F  AIC1, 05 110 90 241 204
1o CMC-TH4F  FeCl, 06 — — 87 -
17 CMC.7H4F  Fed, 0.6 t1s 25 224 147
18 CMC-TH4E  CelNH,L{50,),.2H,0 178 — — 8.7 —
119 CMC-THAF  Ce(INH,),(80,),.2H.0 1.78 115 25 211 15.8
120* CMC-71H4F  ZnCl, 077 -_ — 7.0 —_
121¢ CMC.THAF  ZnCl, 077 120 120 33 103
122+ CMC-TH4F  CaCi, (X ] — —_ 7.5 —
123~ CMC-TH4F  CaCh, 0.63 130 120 23.5 85
124* CMC-TH4F  MgCly 033 - —_ 1.6 _
125~ CMC-THAF  MpCl, 033 130 120 233 4.2

*Not an example of the present inveation
'Weight percent bascd on 10tal weipht carboxymietbyl cellubess

Sample No. 126 is propared similarly 1o Sample No. 114
and placed in 2 temperature and humidity coatrolled envi-
ronmgent, The temperature iy maintained at about 23° C. and

medium speed. For Samples 133-141, 3 weight percent
ammoniuem zirconium carbonate, based on the weight of
carboxymethyl cellulusc, is added to the svlutions. For

A o .25
the humidity is maintained a1 about 100 percemt rclative Sample 142, 1 weight percent ammonium zirconium car-
humidity. The samples are tested for AUL value at various  bonate, based on the weight of carbuxymethyt cellulose, is
points thraughout an aging study. The resulis are sct forth in added to the solution. Sample 133 is dried at S¢* C. for two
lable 6. days in a convection oven. Samples 134~135 are dried at 50°
TABLE 6 3 C- for four :iays in a convection oven. Samples 136141 are
. dried a 80° C. for four days in a convection oven. Sample
AUL Vahee (2/g) 142 is dried at 80° C. for two days in a convection oven and
then post heat-treated for 20 minutes at 80° C. Afier grinding
bﬂ;_nplc df‘ dlq d?ﬂ diﬂ 40 and sieving, thc samples ae placed in a temperature and
o e e 3 s days 3¢ humidity controlled cnvironment. The temperature is main-
126 19.0 15.6 16.6 16.4 183 tained at about 23° C. and the humidity is maintained at
about 100 percent relative humidity. The samples are tesled
" . . fur AUL values al various poinis throughout an aging study.

Carboxymethyl cellulose (Agualon CMC-TH4F) is dis- The results arc sel forth mpo'l"abic 8 g sging Y
solved in distilled water 10 give 2 weight percent solutions )
and mixed using a commercial Hobart mixcr mun at low to TABLE 8
medium speed. Various amounts of ammonium zirconium
carhonate (AZC) is added 10 the solutions. The solutions are Sem- AUL Value (p/p)
drcd at 50° C. overnight in a convcction oven. Aficr N :

o T L i0 doys 11 days | days 22 day
grinding and sieving, the samples are wesied for AUL valves ple fars 9 days » yo 13 duys Wdays 2oy
whercin the post heat-treatment time is O minutes. A posc %3 133 3199 - - 16.7 - 12.6 -
heat-tregtment (curing), at a (cmperature of 110° C. for 134 28— - - 18.2 - 199
various lengihs of time, is uscd to additionally crosslink the 122 Sg - 204 — 1:’ 100 1_5;5
samptes. The samples arc again Lested for AUL values. The 137 g _ 198 _ - 197 —
results are set forth in ‘Table 7.

TABLE 7
Sample AZCICMC Curing Time (miny)

No, Winio 0 10 20 N 40 S0 0 8§ 100 160 20

127+ WD 65 — — AT — — 65 — 66 = 60

128+ 0500 95 -~ @~ @ — = e = = = =

129° 100 130 — — ~ — _ o - . = =

130 2100 205 W) 2046 208 206 — 204 210 W2 W7 175

i 3K 230 ~ 26 241 214 190 — 76

132 eiQl 21— 181 87 — 113 — 63 — 116 —

*Not an examaie of the present invention

Carboxymethyl ccllulose (Aqualon CMC-7H4F) 1y dis-
soived in distilled water to give 2 weight percent solutions
and mixed using a commercial Hobart mixer run at low to

\’LL' #
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TABLE, 8-continued TABLE 10
Sany- AUL Value (g/8) AUL Vaiue (g/)
ple  Odays 9Ydays 10days (] days 13 days 20days 22days § Samgle 0 10 p. A} AUL
No. days days days Reteation
138 2.4 -— — - 18.5 - 16.8
139 19.7 — - -_ 18 — 19.3 144 23 19.7 173 5%
140 18.4 - - - 184 — 19.] 145 02 205 19.8 9%
[ 18.4 -— —_ _ {83 -— 194
142 20,1 16.8 - - —_ 171 —_

Carboxymethy! cellulose [prepared from a cellulose pulp
preparcd using a Kraft process from a northern hardwoaod,
wherein sodium hydroxide is used in a caustic Ireatment
after bleaching; and whercin the cellulose pulp exhibils a
viscosity of about 43 centipoisc and a degree of polymer-
ization {number average) of abouwt 2023; and wherein the
casboxymethyl ccllulose has a degrec of substiwtion in the
range of from about 0.7 10 about 0.9] is dissolved in disiilied
watcr to give 2 weight percent solutions and mixed using a
commercial Hobart mixcr cun st low 1o medium speed.
Ferric chloride (0.6 weight percent, based on weight of the
CMC) is added 1o the solutjons. The solutions arc dried at
80° C. overnight in a convection oven. Afier grinding and
sicving, the samples are tcsied for AUl values. A post
heat-reatment, a1 2 lemperawre of 140° C. for various
lcngihs of urng, is vsed to addidonally crosslink the sumples.
The samples are ngain tested for ALL values. The results arc
sct forth in Table 9,

(7

Carboxymethyl cellulose is dissolved in distilled watcr to
give 2 weight percent solutions and mixed using a commer-
cial Hobarl mixer run &t Jow to medium speed. Samples 146
and 148 use Aqualon CMC-71H4F for the carboxymethy!
cellulose. Sample 147 uses a carboxymethyl cellutose simi-
lar 10 the carboxymcthyt cellulose preparcd for further
rcatmeni 1o prepare the sample used in Table 9. Various
amounts of trivalent cerium sulfate salt is added 10 the
solutions. The solutions are dried at ¥0° C. overnight in a
convection aven. After grinding and sicving, the samples are
tested for AUL values. A post heal-Ucatment. sl 8 tempera-
lure of 140° C. for various lengths of time, is uscd to
additionally crosslink the samples. The samples are again
tested for AUL values. The resulis are set forth in Table 11.

TABLE 9
AUL Value (a/g)
0 5 10 20 25 a0 40 50
Sampte No, Mins  Mins,  Mins.  Mins.  Mins.  Mina,  Mios. Mims
143 06 124 199 25 230 W2 189 174
Sample No. 144 represcnts the material from Tublc 9 0
wherein the CMC is post heat-treated at o (cmperature of
140° C, for 25 minutes. Sample No. 143 rcpresents the
material from Table 9 wherein the CMC is post heat-treated
at a temperature of 140° C, for 30 minutes. These samples 45
arc placed in a iemperaturc and humidity controlled envi-
ronment. The temperature is maintained at about 23° C. and
the humidily is maintained at about 100 percent relative
humidily. The samples arc 1csted for AUL value a1 various .50
points throughout a 20-day aging study. The resulis arc sel
forth in Tabic 10.
TABLE 1]
Sanple W Ratia Initisd AUL (gfg) a1 vacious cuning times (rudn.)
Ne. CMCCefsO,), 0 10 20 30 30 SO 6 0O €0 100
146 tous| — N7 187 M7 232 23 T — 164 173
147 a2 181 227 2@p B2 205 213 Y W05 — -~
148 1003 995 &S 06 210 182 185 — 158 149

Samplc No. 149 represents the material from Table 11
with a CMCiCe,(80,), weight ratio of 100w | wherein the
CMC is post heat-treated at a temperature of 140° C. for 60

N4 %/
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minutes. ‘This sample is placed in a controlled environment
ar ambient conditions of about 23° C. and about 30 o about
60 pcreent relative humidity. The sample is tested for AUL
value at various points throughout an 11-mombh aging study.
The results are set forth in Table 12.

TABLE 12
AUL Value (p/z)
Sample 0 3 1
No. “days reeaths monthy
149 21,7 20 i85

Samplc No. 150 reprosents a carboxymethy] celiviose,
Aqualon CMC-TH4F, wilh no crosslinking agemt added.
Sample No. 151 represemts the malcrial from Table 11
wherein the weight ratio of CMC/Cey, (5g4)5 is 10071 and
wherein the CMC s post heal-treated a1 a temperature of
140° C. for 50 minmtes. Sampte No. 152 rcpresenis the
matenal from Table 11 wherein the weight ratio of CMC/
Ceo(SQ,); is 100/1 and whercin the CMC is post heat-
trcated at a wemperature of 140° C. for 100 minutes. These
samples are placed in a temperature and humidity controlled
environment. The temperature is maintained at about 23° C.
and the humidity is maintained at about 100 percent relative
humidity. The samples arc tested for AUL valuc at various
points throughout an aging study. The results arc set forth in
Table 13.

TABLE 13
AUL Value (gf7)

Sample 0 0 11
No. days days dnys
150= 209 9.8 -—
15 2.3 _ 11
152 173 _ 16.9

*Not an exninple of the present {nveotion

Example 7

Carboxymethyl cellulose (Aqualon CMC-TH4F) is dis-
salved in distilled water to give 3 weight percent solutions
and mixed using a commercial Waring blender run at low
speed, Various amounts of acids, based on the weight of
CMC used, arc added w thc solutions. ‘The solutions are
spread out in teflon-coated trays und dried . 75° C. over-
night in a convection oven. After grinding and sieving, the
samples are wesied for AUL values. The results are sct forth
in Table 14.

TABLE 14
Initial
Sample  Adéditive Wi % Mol ®  AUL (p/p)
153*  nome (] Q R4
ISt gplycolie anid H 287 4.3
133 aiyealic acid 15 T4 19.0
156 giycolic aeid 30 14.32 142
137 acedc acid 197 216 107
148 acotic acid 194 1432 167
159  acetic acid 591 21.4% ir¢
164 mupochlorpacetic agid 0.0 1.38 18,7
161 monochlormaeetic acid i2 27 15,¢
162  mwnechlorasoctic acid kX1 7.16 4.7
163 sudium chloroscetate 0% 092 154
164 sodium chloroncctate 1.0 1.87 15.4
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TABLE 14-continued
Iratink
Sample  Additive WL ® Molke® AUL(pg)
165  sodium chloroacetate 20 374 1.4
166 HGO 0.48 237 88
167 HC 0.96 5.74 146
168 HCQ 134 8.61 17.5
169 HCI 24 14,32 10.4

*Not an exmnple of the present invention

Additional samples, using monochtorvacetic acid
(MCAA) as a crosslinking additive, are preparcd using a
similar process used to prepare the samples set forth in Table
14, These samplcs are placed in a tcmperature and hemidity
controlled environment. For Samples 170 and 171, the
lemperature is maintained at about 23° C. and the humidity
is maintained at about 100 percent rclative humidity. For
Samples 172 and 173, the lcmperature is maintained at about
110° F (ahout 43° C.) and the humidity i$ maintained at
about 80 pereent relative bumidity. For Samples 174 and
173, \he temperature is maintained at about 23° C. and the
humidity is maintained at ambient conditions, between
about 30 to ahoul 60 percent relative humidity. The samples
arc tested for AUL value, a. Q.3 psi, al vanous points
throughoul an aging smdy. The results are set forth in Table
15.

TABLE 15
AUL Value (g/p)

Sarmple wi. rati 0 7 14 33 60 0%
No. MCAANMC  days doys days  days  days  days
170 06100 188 169 1675 140 925 —
in 1.2/100 136 133 1463 1419 — -
in G.e/100 188 — - 160 156 —
173 12100 116 — —_ 0.5 9.1 —
174 0.6100 B8 — - — - 170
175 1.2/100 136 - - -— — 14

Various amounts of acetic acid arc added 10 water
achieve a desired pH. Carboxymethyl cellulose (Agualon
CMC-7H4F) is dissolved in the acidified water 10 give 3
weight pereent CMC solutions and mixcd using a commer-
cial Waring blender run at Jow speed. After the CMC is
completely dissolved in the acidified water, the pH of the
mixture is measurcd. This pH valyc is reparied in Table 16,
The solutions are spread out in teflon-coated trays, dricd at
4€r* C. overnight in a convection aven, and then ground and
sicved. A post heat-treatment, at vafious lemperatures and
for various lengths of time, is used w additionally crosstink
the samples. These samples arc placed in a temperature and
humidity controlled environmuent. For Samples 176-180,
Aqualon CMC-7H4F is used for thc carboaymethyleeliu-
lose, the hecat-treatment conditions used are 140° C. for 90
minutes, and the aging conditions used are that the tcmpera-
ture is maintained at about 23° C. und the humidity is
maintaincd al ambicni conditions, between about 30 to about
60 percent relative humidity. For Samples 181-182, Aqua-
lon CMC-7HCF is uscd for the carboxymethyleellulose, the
heal-treatment conditions used are 100° C. for 120 minules
far Sample 181 and 150° C. for 35 miautes for Sample 182,
and the aging conditions used are that the 1cmperalure is
maintained at about 23° C. and the humidity is maintained
al ambient conditions, between about 30 (o aboul 60 peroent
relative humidity.
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TADBLE 16
AUL Value (g/a)
Sample No. pH Odays 1Sdays 30days 4S5 days 60 days 9 days 120days 250 days 240 days
176 68 142 - 4.2 14.4 144 — —_ 16.4 —
177 69 16.1 — 16,3 16.5 17.1 _ — 18,1
178 72 181 —_ 17.9 18.1 173 _ — 16.1
179 74 197 19.4 190 18.2 - -—_ 15.6 —_
180 76 213 — 19.0 189 174 — — 9.5 _
181 60 221 — 213 — 198 120 16.8 - 15.7
182 16 223 16.5 1.8 16 11 6.8 — — —_
Example 8 18 The results are set forth in Table 19.

Carboxymcthyl cellulose (Aqualon CMC-TH4F) is dis-
solved in distiled water to give 2 weight percent solutions
and mixed using a commercial Hobart mixer run a1 low 10
medium speed. Various amounts of an amino acid, aspartic
acid {AA). is added 10 the solutions. The solutions are dricd
a1 80° C. overnight in a convection oven. After grinding and
sieving, the samples arc tested for AUL values at 0.3 psi. A
post heat-lrcatment, at a temperature of 140° C. for various
lengths of Uime, is used to additionally crosslink the samples.
The samples are again tested for AUL values at about 0.3 psi.
The results are set forth in Tahle 17,

25

TABLE 19

AUL Value (2/n)

Sample n 5 12
No. days days days
133 18.43 15.51
190 18.1% —_ 16.2¢
N 17.9% — 1521
192¢ 244 12,0 —

*Not an cxample of the present invention.

TABLE 17
Welght AUL (g/p e1 various cucing unesy
Rwio 6 5 10 15 10 25 30 7 Example 9
Sample AA:CMC min. min. min. min. min min mia. .
Carboxymethyl cellulose (Agqualon CMC-7TH4F) is dis-
183 G100 76 -~ 290 ~ 247 — 246 A ) . .
184 05100 9.84 RM 1421 1889 1911 18,10 1844 solved in distilled water to give 2 weight percent solutians
185 1100 840 1330 202 17.73 1558 14.58 1408 S : : 4 ; ;
186 L5100 9.36 1247 1628 1639 162) 1529 13.¢y 35 and mixed using astainless sieel mixer with agitator. Various
187 251001821 13.09 954 — — — - amaounts of citric acid {CA), as a crosslinking agent, and
*Not 221 exarmple of the presen: invemtion sodium hypophosphite (SHP), as a crosstinking catalyst, are
T o H . 1 o 1]
Samplc No. 188 represents the material from Table 17 added w 1h.c solut:ons..The solutions :m=j mixed well at 25
whercin the weight ratio of aspartic acid/CMC is 2.5/100 40 C., poured into teflon-lincd trays, and dried at 95° C. for 16
and WLleﬂ?m the CMC is post heat-treated st a tempernture hours in a convection oven. After grinding and sieving 1o a
of 110° C. for various lengths of time. The samplcs are tesicd . . .
for AUL valuc, at 0.3 psi, aficr the heat-treatment. The 300 to 600 micron size [raction. the sampies are tested for
results arc sci forth in Table 18. AUL values at 0.3 psi. The results are sct furth in Table 20.
a5
TABLE 18 TABLE 20
Sam- AUL (gfg) ot various curing dowes Sample No. CASHPCMC wt, rana AUL gfp
ple Umin. §mdn, 0mip, L5 :min. 20 oo, 15 min. 30 qua. 193+ 0:0:100 69
<0 194 030.15,100 18,5
188 1821 1809 1843 (BIS 1790 1683 1622 195 0.5:0.25:100 19.1
196 0.6,0.30:10) 13
. 397 0.2:0.35:100 1738
Samplc No. 189 rcpresents the maicrial fiom Table 18 198 0-8:0 50:100 4.6
whercin the CMC is post heat-trealed 3t a lemperatre of 199 1.0:0.50-100 i3.6
110° C. for 10 minuws. Sample No. 190 represents the 55 fg? "560';3;;% ;ﬁ
material from Table 18 wherein the CMC is post heat-treated 0 0.6:0:100 183
at a iemperaterc of 110° C. for 13 minutes. Sample No. 191 203 1.0:0:100 167
represenis the malerial from Table 18 wherein the CMC is - —
post heal-treated at 8 wemperawre of 110° C. for 20 minutes. "Nt an example of tho prosent inveaion.
Sample No. 192 represents a cuntrol materied whercin no 6o .
aspantic acid s added to the CMC and whercin thie CMC is Samples 196, 197, and 199 arc also placed in a tempera-
post heat-teated at a temperature of 140° C. for 30 :ninutcs. ture and humidity controlied enviranment. The temperaiure
Thcsel;iﬂcfinmCS are plﬂcc’?’}, in a tcmperature and humidity is mainzained at aboul 25° C. and (he humidity is maimained
controlled environment. The temperature is maintained at . Tl ‘s
about 23° €. and (he humidity is maintained a1 about 100 6> at about 100 percent relative humidity. The samples arc

percent relative humidity. The samples arc tested for AUL
value, at 0.3 psi, ut various puints Uwoughout an aging snedy,

tested for AUL value. a1 0.3 psi, at various points throughout
an aging siudy. The resulls are set {onth in Tuble 21.
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TABLE 21
ALLL. Value (g/g)

Sampl: 0 12 0
No. days days days
196 213 18.6 18.7
197 12.5 201 19.6
199 i3.6 15.3 18.6

Examplc 10

A general slurry process synthetic scheme is used lo
prepare samples ol carboxymethyl ccllulose from cellulose
and is generally deseribed as follows: 15 grams of ccllulose
is immersed in 400 milliliters of isopropanol in a reaction
kettle cquipped with 2 mechanical stirrer, an inert gas inlet,
and a temperaturc conirol probe. Thinty-five milliliters of
waler (containing the desired amount of alkali) is then
added. The sharry is stired for hall an hour a1 room
temperature {ahout 23° C.) before adding the appropriate
amouni of chloroacctic acid (CAA). The reaction 18 carried
vut for three hours al 60° C. The slurry is then flicred, the
product washed twice with 2 70:30 volume-percent mixture
(400 ml) of methanol and water, washed once with 400 mi
of methanol, and allowed to dry. The recovered carboxym-
ethyl ccllulose is then dispersed in waler, dried at 30° C., and
ground into granulcs. The particle sizc fraction between 300
and 600 microns is collecled for absorbency testing. The
degree of substimtioa (D.S.) of the carboxymethyl cetiulose
products is measured by 'H-NMR spectroscopy, The mor-
phological fcatures of dispersions of the carboxymethyl
cellulose products is observed by cross-polarized opticat
microscopy and X-ray diffraction. The AUL tests arc per-
formed at 0.3 psi. The aging tests arc accomplished by
placing the granular samplcs into a chamber saturaied with
water vapor (100 pcreent relalive humidity) at room tem-
perature (about 24° C). At certain inlervals of aging Wme, the
samples arc taken out of the chamber and dried in ambient
conditions for two days beforc doing the absorbency tests.
The unused samples are repluaced in the chamber for con-

10
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by the designation CMC-7H4F. A cellulosc pulp commer-
cially available from I'TT Rayonicr Corp. under the rade
designation Porosanier-J, is a southcrn pine wood pulp
having an intrinsic viscosity of about 8.4 deciliters/g and
having an alpha cellulose content of about 98.7 percent, is
indicated by the designation ITT. A ceilulose pulp commer-
cially available from Southem Cetlulose Products, Inc.
under the trade designation Grade 1050, is a cotton linters
pulp having an alpha cellulosc content of about 99.2 percent,
is indicated by the designation SC. A cellulose pulp prepared
using a Kraft process withoul cold caustic treaiment after
bleaching. having a viscosity of about 15.3 centipoisc and an
alpha cellulose content of about 94.6 pereent, is indicated by
the designation CR#8. A cellulose pulp preparcd using a
Kraft process from a southern sofiwood chips, whercin
sodium hydroxide is used for a cold caustic treatment after
bleaching, having a viscosily of about 19.8 centipoisc and a
degree of polymerization (numbecr average) of about 1477 is
indicated by the designation CR#10. A cellulose pulp pre-
pared using a Kraft process from a southern softwood,
wherein sodium hydroxidc is used for a cold caustic treat-
ment after bleaching, having a viscosity of about 16.6
ccntipoise and a degree of polymerization (number average)
of about 1368 is indicated by the designation CR#11. A
cetluiosc pulp prepared using a Kraft process from aspen
chips without cold caustic trearment after bleaching, having
a viscosity of ahout 41.2 centipoise and a degree of poly-
merization (number average) of ahout 1997 is indicated by
the designation CR#18. The cclluiose pulp uscd 1o prepare
Sample 143 in Tablc 9 is indicated by the designation
CRi#t21.

For comparison, waler-soluble earboxymcthy) cellulose
samples are Synlhcsized. Table 22 provides the reaction
conditjons and thc absorbency values of the prepared
samples. The samples arc all soluble in the testing saline
solution and the A1JL values are for samples aged al ambicnt
temperature (zbout 24° C.) and a1 about 100 percent relative
humidily.

TABLE 22
NaOH:CAA  CAA:Cellulos= AGL (g/g)
Sample Celiulose Malar Ratio Molz2- Ratio DS Odays 12 days 20 days
204 CMC-IHAr _ — n7-038 13 71 6.5
W03+ CRaAl 2.21 0.75:1 nR 71 74 82
206° 11T 208 Lo 0.9¢ 6.6 8.6 iR
7 TT 221 Lo L0 8.8 746 7.1

*Not examples of the pressm Iavention

tinued aging.

Samples are preparcd using potassivm hydroxide (KOH)

For the following samplcs, various ccilulose pulps or 55 as the alkali. Table 23 provides 1he reaction condilions and

carhoxymcthyl celluloses arc used, as is indicated in Tahle
22-24, Aquaton’s Cellulosc Gum CMC-THA4F is indicaied

the absorbency values of the prepared samples. The samplcs
are all translucent or fibrous when dispersed in water.

TABLE 23
KOH:CAA CAA:Cellubose AUL (g/g)

Swople Ceilulnge Mol Rain Malar Ratio US Odays 12days 20 duys
08 CHHB 2001 241 092 145 — —
W09 CRALD 2.¢:! 1.0} 076 143 —_ -
200 CRatlo 2.0 1.5 1.3 14U -— -_

A B
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TABLE 23-continuced
KOH:CAA CAACollutoge AL (g/2)

Sample Ceflulose Motar Ratio Molwr Ratio I8 0days 12days 20 days
21 07 2.2 0.75;) - 13.3 14,4 14.9
212 17 2.2 1.0:1 —_ 17.3 16.9 184

10

As can be secn, for examplc, by comparing Samples 207
and 252, the vsc of potassivm hydroxide as comparcd to
using sodium hydroxide results in a carboxymcthyl cetlulose
that exhibits both a high initial Absorbency Under Load
value and exhibits aging stability.

placed in a temperature and humidity controlled environ-
ment. For Samples 223-228, the temperature is maintained
at about 37.8° C, and the humidity is mainiaincd at about 80
pereent relative humidity. For Samples 229-234, the lem-

. 13 . oo e
Sample No. 213 and 214 are prcpared using a less than peraturc is maintained at about 25° C. and the humidity is
stoichiomelric amount of a!kah.- as mdma.ied by thc molar maintained at about 100 percent relative hurnidity. The
ratio of aikali to chloroacetic acid used being less than 2:1. . .
Sample No. 215 to 222 are preparcd using less modifying samples arc tested for AUL value, atabout 0.3 psi, m varivus
agent, as indicated by the molar ratio of chlorvacetic acid to , points throughout an aging study. The results are set forth in
celtulase uscd being less than 1:1. Table 26.
Tablc 24 provides the rcaction conditions and the absor-
beney valucs of the prepared samples.
TABLE 24
NeOH:CAA  CAA:Celllase AUL (w/g)
Sample Cellglose Molar Ratia Molar Ratio DS  Odays 12 days 20 days
n3 ImT 1.8:1 0.75:1 065 128 — —
214 T 1.8:1 1.0X4 08 172 — -
218 ITT 2l 0.75:1 076 174 — ~—
206 1T 2.2:1 0.60:1 - 12 - —
27 Imr 250 0.50:) - 16.2 — -
218 SC 2221 0.60:1 - 16,1 — —_
219 5C 221 0.40:1 — 13 - —
220 CR#2i 2.2 0.50:1 — 192 187 189
221 CRy2l 221 0.40:1 — ns
222 CRi8 2.2:1 050 — 170 - —
Samples 208 and 214-217 are also placed in a tempera- 40
ture and humidity controlled cnvironment. The temperaturc TABLE 26
is maintained at about 23° C. and the humidity is maintained AUL Valuc (g/e)
at about 100 percent relative humidity. The samples are .
tested for AUL value, 11.0.3 psi. at various points throughout Samplc 8 Meat-Treauweat Time (sec) 0 deys 10 days 20 days
an aging study. The results are set forth in Table 25. 43
223 40 29 128 95
; 224 50 26 198 115
TABLE 25 5 6 76 197 184
26 0 184 23 221
AUL Value (2/p) 277 £0 172 1S5 217
Sampie o 2 20 52 7 ) 228 90 1S W3 29
No, dayy days days days duys .- 229 - -- 229 - 128 109---
70 50 226 168 N3
231 60 234 X7 128
208 14.5 45 : . .
bt 2 tas 1 T8 18 m 7 185 22 207
215 71 150 174 — - o 8o 172 el 2e
26 122 158 166 — - 55 24 50 5122 )
217 16.2 148 156 — -
While the present invention has been described in terms
of the specific cmbodiments described above. numerous
Example 1§ 60 cyuivalent changes and moditications will be ¢lear 1o those
Carboxymethyl cetlulose (Aqualon CMGC-THAF) is dis- skilled in the ant. Accordingly, the specific examples se1 forth
solved in distilled water to pive 2 weight percent solutions ahot‘c are not intended 0 l_lmu, in yny manner, the scope of
and mixed using a commercial Hobart mixer run at low 1o the invention as set forih in the appended claims.
medium speed. The solutions are dried m 80° C. overnight What is claimed is:
in a convection oven und ground and sieved. A pust heat- 65 1. A nwibod for producing a water-swellable, water-

Lreaiment, al 2 temperatuee of 226° C, for various lengths of
time, is used fo crossiink the samples. These samples are

insnluble carboxyalleyl palysaceharide, the method compris-
ing the following sicps:
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forming a homogenzous nixiue compodsing a wWaer-
soluble carboxyalkyl polysacchadde, waler, and a
wrosnlinking agepl, whorein the waler-soluble carhoxy-
alkyl pulyssocharide dissolves img The water;

recovering said corhasiyalky] polysaccharide and suld
crogslinking agenl [rom said mixpare; and

heat-ereating said recovercd carhoxyalky] polyszecharide
and said crosslinking egenl ar a tcmperature abowve
about 307 C. for a ume cffective w0 crosslink said
carboxyalkyl polysacehande 1o ronder said earbioxy-
akyl polyssecharide water swelluble and water
inspluble, wheratn the woier-swellable, water-insoluble
carboxyalkyl polysaccharids cahibits an initia] Absor-
bency Under Load value of at lcast 17 and telding at
least about 50 pereent of ihe injfal Absorbeney Linder
Laud value afier aping for aboul 60 duys ar about 24°
C. and at 1east ghow 30 percent relative humidicy.

2. The method according o claim 1 wherein the carboxy-
alkyl polysaccharide is prepared Jrom a polyvsaccharido
sclected from the proop censisting of cellulose, starch, guar,
carragecnan, agar, geilan grm, chitin, chilosan, and mixlures
thereof. ]

3 The method aceording o clsim 1 wherain the carboxy-
alkyl polysaccharide is a carboxyadkyl cellulose,

4. The methad accerding io claim 1 whercin the carbuxy-

alkyl pelysuccharide is a carboxymethyl polysacchagide,

5 The webod according to clam 4 whercin the car-
boxymeihyl polvsacchande is carboxymethy] cellulose,

6. The meithod according to claim 1 wherein the water-
swellable, water-insoleble carboxyalkyl polysaccharide
exhibils an initial Absorbency Under Load value of at lcast
abioue 20,

7. The method according Lo claim L whenein wdd recov-
ered parboxyalkyl pulysaccharide and erosslinking agent arc
heat-treated at a temperature of from gbow 1{K)° C. 10 aboul
07 C. for a time of from gbout | minote te sboul 600
ounes.

B. The meihod according to cluim 1 wherein said miature,
comprising said water-soloble carhoxyalkyl polysscchande,
watcr, and a crosslinking 8 gent, has a pH belween about 4 to
abuul &,

9. The method acconding (o claim 1 whersin the heat-
trealed carboxvulky] polysaccharide hax an inielal Absor-
bercy Under Logad valuc at lzast abwut 100 percont prealer
than an etherwise Idendeal carboxyalkyl polysacchacide
prepared witlioul a erasslinking agent

10. The meibhod according to claim 9 wherein the hepi-
tegaied carboxyalkyl polysaccharide has an inidal Absor-
beney Under Load vadue L Jeast sbout 20 pereent greater
than an otherwise rdemuical carboxyaltkyl polysacchacldg
prepured without & ceosslinking agent,

11. The meehnd according 10 claim T wherein the waler-
swelluble, water-insolable  carboxyalkvt  polvssccharide
retaing A least about 70 percent of the initial Absurbency
Under Load walus afier aging tor abonl 60 days at ahow 242
C. and a2t least about 30 pervent relatve bamidity

12. Tz eethod secording ta claim L wherein the waler
swellable, waierdinsoluble cathexyalkyl polysaccharidc
retiing at least about S0 pocenl of the inital Absorbency
Under Tead valoe afler aping for alwut 60 days at about 24°
C. and at aboul 100 pereent reladive bumidity.

13. The method according ¢ clam 1 whercin said cac-
boxyalkyl polyseccharide and eand erosslinking apeat arc
recavered by evaporative drying,

14, The methed accoiding o clim 1 wherein Said car-
boxyalkyl palysaccharlde amt suid crosslinking agent are
reoovered by precipilation

38

15. Thc method accordng v elaim 1 whereln the
ctosslinking agent is sclocted from the proup consisliog of
an organic compound comprising & least two finciional
groups capable of reacting with a cughoxyl, amino, or
hydroxy] group of a carroxyalkyl polysaceharide or 2 mokal
om with more than bwo positive charges,

16 The methed aceording Lo claim 15 wherein sald
crogslinking agent is selecied from the group consishing ol

* dismines, polyamines, diels, polyols and mixtures thereof,

15

20
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17. The method aceonding o clam 6 wherein the
cross]inking agent iz selected from the zroup consisting of
chitosan ghtamate, type A gelatin, dicthylenetriamine, eth-
¥lenc plycol, nyiene glycol, polyvinyd aleahol, hyaluronie
acid, poiyethlens iming, and wixmres cherzol,
18, The micthod according to claim 15 wherein said
crowglinking agent is selected [rom the group cansisting of
chloroacclic acid and sedium chluroacctate and mixouees
hercall
19, The method accorfng to claim 18 whercin said
crusslinking agent cumspriges 2 meta ion selected from Lhe
group congisting of AP, Fc?*, Ce*", Ti*", Zr™, and Cc™,
M The methed according 0 Claim 19 wherein said
crosslinking apent is selected from the group consisung of
AL, FeCl,, Coot50,),, ZHNHACO )0
Ce(MN1L ). (50,),- 20,0, and mixpores thereo!
21, The methad aceording th claimy L wheretn the water-
swellable, water-inselubla varboxymethyl cedluinse reaing
a1 legst about 30 jrevcent of the initial Absorbency Under
Lowd value after aging for abouw 66 days at about 24° C. and
at gboul 100 percent relative humidity,
22, A methed for podocing a waler-swollable. water-
insoluble carboxymethy! cellulose, lfic method comprising
the following steps:
formamg a homogeneous mixlure comprising a waker-
soluble carboxymcihyl  cellulose, wuler, and a
crosslinking agent selecicd [Tom the group cunsisling
of orpanic compounds comprising at 1gasl (wo [unc-
tionat proups capabie of rcacting with a carhaxyl or
bydrexy] graup ol o carboxyalky] pobysacchanide and #
metal jor baving raot; Lhan 2 positive charges, whercin
the water-solvblc carboxyalkyl polyssccharide dis-
sobves into ghe walet; -
recovering  safd carboxymethy] cclhulase apd  sad
crosslinkioy ageni Mmom said mixlees; and

heul-treating sald recovered curbuxymetiyl ecllulose and
crogelinking agent at a iemperature above ahoul 1001°
C. e & time cifective to crosslink said carhoxymellyl
celiulose to render said carboxy methyl celinlose water
sweliable and water insqluble wherein said hea-rregied
carboxymethyl collulose has an initial Absorbency
Under Load value of m lcast 17 and rewsins at least
about 50 percent ol the initial Absorhency Under Load
~uluc after aping ¢or abop! 60 days at shout 24° C wnd
at Jeast abwer 30 pervent refative hemidily,

Z3. The method according o claim 22 whercin said
crosslinking apent is selecled from the grovp consisiing of
chitbsan glosamate, type A pelatin, dicthyleocteamine, ath-
vlene glycol, butylene glycel, polyyinyl alcohol, hyaluronic
acid, polyeihylene iméne, chloroaeshe deid, sodium cliloso-
acelite, AICLy, Felly,  Ced30.),,  ZNH,)LLC0,0,.
CoNH, ), (30,),-TH,0, and mixtures theraal,

24 The mrethod according to Glam 22 wherein said
carboxymethyl celiuloss and said erosslinking apent are
heat-treated at & (emperamre of frem ghaut 160° C. b abow
200° ©, for 3 ime of frorn aboyt 3 mioute 10 aboot G
HI LS.

15 The method decording te claim 22 whercin ssid
carbpoxymethy! ecllulose and smd croaslinking agest ure
tecoverst] by evaporative drying
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26_The meibod according oo clyia 22 wherein the water-
swellable, water-insoluble cachorymethy! celiulose relains
a least aboul 70 pereemt of the imiial Abserbency Under
Load value after aging fur abont 60 days &l about 24° C. and
at least about 30 pereenl rolative homidily,

27. A method for producing a warer-3wg]lable, water-
inseluble carboxyalkyl polysaccharide, the method compris-
ng 1hc following steps:

forming a homogeneons mixiire odmposing & witet

soluble carhoxyalky]l polysaccharide and  water,
whercin the watze-soluble carbexyalky] polysacchande
dissolves inte the wiler;

recovering said carboxyalkyl polysaccharide from said

mixepre; and

heat-weating said reeovered carboxyalky] polysaccharide

al a terpecating belween ahout 200° C, and about 230°
C. for an amaunl of time between gbout SO0 abew 90
seconds, wherein said best-teeatng is effective Lo
erosslink said carboxyalkyi polysaceharide o render
said carboxyalkyl polvsacchatide water swelikblc and
waler insojuble, wherein the water-swellable, water-
inzoluble carboxyalky] polyszt¢hande exhibils an ini-
sk Absorbency Undor Lazd value of at least 17 and
retaing ol least about 50 Tercent of the inthal Absor-
bency Under Load vabue afier aging for abouws 60 days
al about 24° ¢ and ar deay abowi 30 pereent relabve
i cdiLy

IR. The meihod according (o claim 27 whercip the car-
boxyalkyl polysacchande is prepared from a polysaccharide
selected (rum the group coosisling of cellulose, starch, puar,
carrageenan, agar, gellan pum, chitin, chitasan, and mixmres
therof.

29 The method according w claim 28 wherein the car-
boxyalky] polysacchande is a carhoxymethy] polyssccha-
ride

M. The mothod according o claim 29 wherein the car-
boxyrmethyl polyszccharide ix carboxymethyl cellulose.

3. The method according to clwim 27 wherein the car-
boxyalkyl polysaccharide 15 g carbexyalkyl celinlowe.

32, The method sceording o cldm 27 whemein said
carbox¥alkyl polysaccharide i3 recoversd by evaporalive
drying.

33. The metbod according lo claim 27 wherein said
mixiore,  comprising  said  wier-soloble  carboxyalkyl
polysaceiiavide and water has 2 pH betwecn sbout 3w abouy
£

3. The methed acennrding to clam 27 whorein the watcr.
gwellable, waec-inwoluble carhoxyalkyl [wlyseccharide
cxhibits an initial Absorbency Under Load value af at 12ast
shout 20

33, The methed according o claim 27 whercin the watcr
swellable, water-inseluble corbnxyalldl  polysaceharide
fetaing at loast aboni 7O porcent of the iniial Absorhency
Under Laad value afier aging for ahavl 60 days ol sbout 24°
C. and at least aboul 30 peccent relative humidity,

J6. The method according o elyim 27 wherein the water-
swellable, walcr-insolelde  carboxyalkyl poiysaccharide
relaing al Jeast aboul S0 poreent of the inigal Absorbengy
Under Load vatue afler aping far albygut 60 dayvs a about 24°
C. and ar ahown 100 perccnt relutive humiding,

37 A methed for procucng a water-swellable, warer-
inagluble carboxyalky| polysaceharide. the method compris.
ing the {ollowing staps:

lorming 2 homogeneous mixtwe composing » walcr-

sohuble  carboxydlkyl  polysecchadde and  waler,
whercin the Waler-soluble carboxyalky] polysaceharide
diggolves into ihe watcr;
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adding to the hemogeneons mziure # solution comprising
a crosslinking agent, comprising an aiuminuer oo,
dissolved in watcs: and

recovering said carbwxyalkyl polysaccharide and sald
crosslinking apert fromd said mixmre, wherein the
wiler-swellable, water-insoluble carbuxyalkyl polysac-
charide exhibits an indtial Absorbency Under Load
value of at least § and retains at loagt aboul 50 percent
of the initial Absorbency Under Load vebuc aftcr aging
far about 60 days ut abou 24° C. and a least about 30
percent relative humidiey,

38. The method according w claim 37 whersin the car-
boxyalky] poiysaccharsde is preparcd from a polysaccharide
selected from the group consisling ol ecllulose, starch, guar,
carrgeanin, #garn gellan gan, chitin, chitosan, and mixhores
Lhoreod.

39, The method acconrding w claim 37 wheren the car-
boxyalkyl polysacchadde is a carboxyalkey] cellnlose.

40. The method according to claim 37 wherein the car-
hoxvalkyl polysaccharide is & carboxymethyl palysaccha-
ride.

d1, The method according (o claim 4¢ wherein the car-
boxymethy] polysaccharide is carboxymethyl cellulose,

AL The method sccording to claim 37 wherein said
carboxyalkyl polysaccharide aad said erosslinking agent. are
recovered by cvaporative diying.

43. The method agcording o claim 37 whercin Lhe water-
swellable, water-insoiuble carboxyalkyl polysacchuride
cxhibits an irittal Absorbeney Under Load valuc of ac loast
ahowt M.

44 The method according ta clam 37 whercin the water-
swollable, water-ingoluble carboxyalkyl polysaccharide
relaiis ak least sboml 70 percent of 1he initial Ahsarhency
Ursder Laad valie afier aging for about 60 days at abour 34°
C. and at least aboul 30 pervent relative Bumidity.

45, The method according to claim 37 whercin the water-
swellable, waler-wmyoluble  carboxyalkyl polysaceharide
Tetvins at least abowt 50 parceni of the imta! Absorbenuy
Under Load vaiue aler agmng for abowt 60 days at ahaul 247
C. and ar abodl 100 percene relative humidicy.

46. A method Tor producieg a waler-swellable, water-
insoluble carboxyalky] polysaccharide comprising;

&, proparing a reacuon dispersion comprising a soleent
and a polysaccharide comprising &1 eriginal crystailine
slnucture;

b. addiog @ carboxyalkylating rcagent w the rcaclion
disprreion a condsions clective w allow the cathoxy-
alkylatng reagen 10 1eact with the polysacchanide 1o
prepare a water-insoluble, walcr-dispersibe carboxy-
alky! polysecchande, whercin  the  carboxyalicyl
polyseccharide compriscs an ot of the original
crystadline slructure of the pelysaccharide and A non-
cr'l_#slf.!]inc sluclure;

. Iecovering the walcrinsaluble, watcr-dispersible car
hoxyalkyl polysaccheride from the reaction dispersion,

. prepaning a mixlure comprising khe recovered watcr-
ingoluble, water-dispersible carhoxyalkyl polysascha-
ride and waler, wherein the carboxyalkyl polysaccha-
tide s dfivpersed 0 ihe waler and the noo-Lrystalbme
glewglure of the carhnxyukyl polysaccharide diseolvos
ek Lhe water; and

e reeovering the carbaxyalky] polvsacehartde from the
mixture, wheretn the cirboavalkyl pulysaccharide
soMpriscs an amoen ol 1he origingl crystalling stouc-
turc of the pelysaccharide w b cffcclive W tesult in a
wilcT-swellable, waler-insoluble cirboxyatky) pobysac-

N\
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charide exhibiling an initial Absorbency Under Load
value of at Jeagt 17 and retpining 80 Jeast about 50
percent of the iniizl Absorbency Under Tomd vatue
after aping Eor abont A0 days at about 24° C.and at Jegsl
abont 30 evgent relative humidity.
4T, The meihad accordng to ¢laim 46 wheremn the car-
bosyulkyl polysaccharide i3 prepaned from a polysacchanide
gelectad from (he group consisting of ecllulase, chitin, and
mixwres Lhereol.
48. The method according to claim 48 wicrein the car
bosyalley]l polysacchanide 1s a carboxyalkyt cellulose,
4%, The method according to claim 46 whercin the car-
boxyalky! polysaccharide 1y a carboxymethyl polysaccha-
nde

50. The method accor@ing to claim 49 wherein the car-

boxymethy]l polysaccharide is carborymeyl callulose,

51 The method according to claim 46 whersin swid
carboxyalkyl polysaccharide is recavered From the mxture
by evaporative drying,

52. The methed aceording @ claim 46 whezein Lhe watcr-
swicllable, watcr-insoluble carboxyalky! polysaccharide
exhibiis an fmal Absorbency Under Load value of ar least
about 20

53. The method according 1o claim 46 wheretn the watee
swellable, water-ipsulubic carboxyaikyl pulysaccharide
relains at lease abogl 70 peruent of the initfal Absotbency
Ucder Ioad valuc afrer aging for ubout 60 days ac ubout 24°
. and at least aboul 3§ percenr relative bumidity.

54. The method sceording 1o claim 46 whercin the water-
swellable, water-ingdluble carboxyalkyl polysaccharide
relaifis at ieast about 50 pergent of the inival Absutbéncy
Under Load vahue alict aging for abowt 60 days at about 24°
. and at about 100 percsnt relative humidity.

85, The methed according 10 clairn 46 wherein polassiom
hydtoside 18 wsed as an atkali to preparc the carboxyalkyl
polysaccharide.

56. The method according to claim 46 wherein g lcss than
stoichiometie catio of sn alkali 0 the carboxyalkylating
reagent 15 used w prepare the cacshonyatkyl polysarcharide.

57. The methnd accondiog 10 claim S whorein the ratio of
the: ulkali to the carhoxyalkrlating reagent is less than about
2wl

58. The mothod aceording W claim 46 whepein o reactant
melar ratia of the carboxyalkylaiing reagent (o the polysac-
charde {5 Jess than 1 o0 1

54, The method avgording to claim 56 wherein the car-
boxyulkylating reagent is chloroacctic acid and the polysac-
churide i5 collulose.

il
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6. A meithod fur producing a water-swellabls, waler-

insnlhie carigxyalky] polysaecharidc comprising:

4 prepanng @ mixture comprising a wacr-insolnble,
waterizpersible carboayalkyl pulysaccharide,
wherein the carboxyalkyl polysaccharide eompriscs a
erystalhne struciure and a son-crystalline simelore, and
watcr, wherein the carboxyalky] potyssecharide is dis-
perscd in the water and he non-cryatdlline stracture of
the carboxvalkyi polysaccharde dissnlves imto the
watcr, and

b. tecovering lne carboxyalky! polysaccharide [rom the
mixture to result 1m o water-sweltable, waker-insoluble
carboxyalkyl polysaccharide exhibéting an initfal
Absorbeacy Under Load wvaluc of at least 17 amd
relaining at beast about 50 parcent of the initial Absor-
bensy Under Load value after aging o ghoul 60 days
ak about 24* €. and e leayl shout 30 pereent relative
homidity.

61, The method zccording L claim 80 wherein the car-
boxyalky] polysaccharide is prepared from a pelysaccharide
selected from the group consistng of celluose, chitn, and
mixtires therenf.

62, The methed accoeding 1o claim 60 wherein the car
toxyalkyl polysaecharide 15 g garboxyalkyl ecllulpse.

43, The method according ta claim 60 wherein che car-
boxyatkyl polysaccharde is a rboxymethy! polysacoha-
ride. )

64 The method apcorling w claim 63 whersin the cur-
bozymethyl polysaccheride 1s carboxymethy] cellulose.-

65 The method sccording to claim 60 wherein suid
carboxyalky] polysaccharide 18 recovered from the mixture
by evaporative drying.

6. The method according w claim 66 wherein the water-
swellable, waler-insoluble carboxyalkyl polysaccharide
exhibils an inihal Absorbepey Under Load value of at least
about 20.

T The method according to clom 60 whercin the water-
swellable, water-insoluble carboxyalkyl polysscchardc
relaing ul leasl-about 70 percent of (he indtal Absorhancy
Under Load value after aging for about G0 days al aboul 24°
. and m least abowl 30 percent relative humichyy,

&8. The mcthod according to claimm 60 whercin the wates
swollable, water-ingoluhle  carboxyalioy]  podysaccharide
retinns & [cast aboul 5O percant of the initial Abserbency
Under Load value afler aging for about 60 days st abioy 247
C. and at abowl |00 perocnt relative humidity,
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