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1. Yo, Emilio FERRERO, identificado como aparece al pie
de mi firma, actuando como apoderado en el asunto de la
referencia, atentamente, solicito se efectlie el examen de
patentabilidad de la solicitud en referencia seglin 1o establecido
en el articulo 44 de la Decisién 486 de la Comigién de 1la
Comunidad Andina. Para tal efecto presento junto con este escrito
el recibo No. 02-80,900 por valor de $318.000.00, que corresponde
a la tasa fijada seglin lo dispuesto en la resolucién No. 44691
del 31 de diciembre de 2001.

2, Ruego atentamente a la Seflora Jefe se sirva ordenar
que se anexe este recibo, para que se efectlie dicho examen y se
continfie con el trémite de la solicitud.
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Doctor

EMILIO FERRERO Oficio No, s JUL 0582 1
Apoderado
ASUNTO Radicacién 00-64171

Tramite 002

Evento 001

Actuacion 430

Folios 026

Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1.

Documentos estudiados

Para el presente estudio se tuvo en cuenta el capitulo descriptivo que se
encuentra en los folios 2 a 25, los dibujos que se encuentran en los folios 89 a
92 y el capltulo reivindicatorio que se encuentra en los folios 82 a 85 que
comprende doce (12) reivindicaciones.

De acuerdo con el folio 73 de la solicitud en estudio, se considerara la prioridad
reivindicada sobre la solicitud de Suecia No. 9803072-8 del 30 de agosto de
1909,

Objeto de la invencién

La invencion propuesia se refiere a una estructura absorbente en un articulo
absorbente tal como un pafal, paiial pantaléon, una guarda de incontinencia,
una toalla sanitaria, etc., dicha estructura absorbente comprende una espuma
comprimida que se expande en humedecerse. La invencion se refiere ademds
a un métado de produccién de un articulo absorbente que contiene una
estructura absorbente de acuerdo con la invencién.

En la reivindicacién independiente 1 se define una estructura porosa
absorbente en un articulo absorbente desechable tal como un paiial, un pafial
pantalén, una guarda de incontinencia, una toalla sanitaria o similar, dicha
estructura porosa absorbente comprende una porcién de adquisicién de liquido
y una porcion de aimacenamiento de liquido, dicha porcién de adquisicién de
liquido comprende una espuma de célula abierta polimérica comprimida que se
expande al humedecerse, caracterizada por que la porcién de adquisicion de
liquido y la porcién de almacenamiento de liquido forman una unidad integrada,
en la cual la porcién de almacenamiento de liquido comprende una espuma de
célula abierta polimérica la cual podria ser igual o diferente de la esptima en la
porcién de adquisicion de liquido,
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y que la porcion de almacenamiento de liquido también contiene un material
superabsorbente, en la cual la cantidad de material superabsorbente es inferior
en la parte de la porcién de aimacenamiento de liquido que se encuentra lejos
de la porcién de adquisicién de liquido que se encuentra en la parte de la
porcién de almacenamiento de liquido.

En la relvindicacién independiente 11 se define un método de produccion de
una estructura porosa absorbente para un articulo absorbente tal como un
pafal, un pafial pantalon, una guarda de incontinencia, una toalla sanitaria, una
cublerta de herida, proteccién de camas y similares, caracterizado por las
siguientes etapas:

Formar un material de espuma, el cual es comprimido y secado, luego

Aplicar una solucién de monémero de material superabsorbente a uno de los
lados opuestos del material de espuma, segun se ve en la direcciéon z, en el
cual la parte de la espuma comprimida que ha sido humedecida mediante la
solucién de monémero se expande, y luego

Polimerizar y reticular la solucién de polimero, y

Secar la estructura de espuma.

En la reivindicacion 12 se define un articulo absorbente tal como una guarda
de incontinencia, paial, paifial pantalén, toalla sanitaria o similar de la clase
que comprende una ladmina superior permeable a los liquidos, una lamina
posterior impermeable a los liquidos y una estructura absorbente dispuesta
entre ellos, caracterizada porque esta contiene una estructura absorbente
como se reivindicd en cualquiera de las reivindicaciones 1 a 11.

o Se afima que se conocen estructuras absorbentes que vistas en la direccion
de grosor tienen una concentracibn gradualmente creclente de artlculos
superabsorbentes, en la cual una alta concentracion de material
superabsorbente se localiza en la porcién de ila estructura absorbente que
durante el uso se ubica mas cercana a la lamina posterior impermeable a los
llquidos. Al utilizar tal estructura se logra el riesgo de bloqueo de gel y una
distribucion de liquido mejorada. Un problema con tal estructura es que desde
el punto de vista de la procesabilidad es dificii aplicar los articulos
superabsorbentes de tal forma que una concentracion de particula
gradualmente creciente se logra en la direccion de grosor de la estructura.

De igual manera se afita que se pretende solucionar el problema de
proporcionar un articulo absorbente que sea confortable y discreto de portar, a
la vez que tenga una alta capacidad de adquisicién de liquido y una alta
capacidad de distribucién de liquido.

» El objeto de la invencién definido se catalogé como A61F 13/15, segln la
Clasificacion Intemacional de Patentes (IPC).

3. Claridad de la solicitud

El articulo 30 de la Decision 486 de la Comisién de la Comunidad Andina
establece que: “Las reivindicaciones definirdn la materia que se desea proteger
mediante la patente. Deben ser claras y concisas y estar enteramente sustentadas
por la descripcion.

Las reivindicaclones podran ser independientes o dependientes. Una
reivindicacién sera independiente cuando defina la materia que se desea proteger
sin referencia a otra reivindicacién anterior. Una reivindicacién serd dependiente
cuando defina la materia que se desea proteger refiriéndose a una reivindicacién
anterior. Una reivindicacion que se refiera a dos o més reivindicaciones anteriores
se considerara una reivindicacidén dependiente muiltiple".
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e En la meivindicacion independiente 1 se menciona que fYa porcién de
almacenamiento de liquido también contiene un material superabsorbente, en
la cual la cantidad de material superabsorbente es inferior en la parte de la
porcién de almacenamiento de liquido que se encuentra lejos de la porcion de
adquisicién de liquido que en la parte de la porcién de liquido que se encuentra
localizada mas cercana a la porcibn de adquisicién de liquido’, mientras que en
la reivindicacién dependiente 2 se menciona que la ‘cantidad de material
superabsorbente en la direccién z de la porciébn de almacenamiento de liquido
se incrementa gradualmente desde la parte de porcién de almacenamiento de
liquido que se localiza mas cerca de la porcién de adquisicién de liquido hasta
la parte de la porcién de almacenamiento de liquido que se localiza mas
alejada de la porcién de adquisicién de liquido’ (Negrita Personal).

Con la informacién contenida en la reivindicacion 1 se entiende que la parte de
la capa de almacenamiento que se encuentra mas cercana a la porcién de
adquisicibn de liquido es la que tiene mayor cantidad de material
superabsorbente. De manera contraria, en la reivindicaciéon 2 se entiende que
la parte de la capa de almacenamiento que se encuentra mas cercana a la
porcién de adquisicién de liquido es la que tiene menor cantidad de material
superabsorbente. Ademas en el folio 7 de la descripcion en estudio se explica
que: “En /a porcion de almacenamiento de liquido que esta localizada mas
cercana a la porcion de adquisiciobn de Ilquido la cantidad de material
superabsorbente es inferior que en la porcién de la porcién de almacenamiento
de liquido que esla localizada mas alejada de la porcién de adquisicion de
fiquido”.

Dado lo anterior, la informacién contenida en la relvindicacibn 2 parece
contradictoria respecto a la informacion de la reivindicacion 1 y en la
descripcién. De todas maneras, se podria entender que la concentracién de
superabsorbente a lo largo de la direccion z es indiferente porque podria ser de
diversas formas, es decir, mayor 0 menor cerca de la zona de adquisicion de
fluidos. Debido a lo anterior, se recomienda revisar las caracteristicas
diferenciadoras de la reivindicacién independiente 1 de modo que se analice si
la concentracién de material superabsorbente es una variable indispensable en
la Invencidon propuesta y si es asl, entonces eliminar la contradiccion entre la
reivindicacién 1 y la reivindicacién 2. Ahora bien, si ia variable no es relevante
se recomienda ammonizar la informacién de las reivindicaciones citadas y
particularmente incluir caracteristicas diferenciadoras en la reivindicacion
independiente que sean coherentes y estén sustentadas en la descripcién.

» En conclusion, las reivindicaciones 1 y 2 no cumplirian con el requisito de
claridad de acuerdo con el art. 30 de la Decisién 486. Por lo tanto, se
recomienda realizar las modificaciones pertinentes segln las observaciones
incluidas y allegar un nuevo capitulo reivindicatorio con tales modificaciones.

4. Reivindicaclones de uso

E! articulo 14 de la Decisibn 4868 de la Comisién de la Comunidad Andina
establece: “Los Paises Miembros otorgaran patentes para las invenciones, sean
de producto o procedimiento, en todos los campos de la tecnologla, siempre que
sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacién industrial.”

e En la reivindicacibn 12 se plantea un articulo absorbente caracterizado
Gnicamente por que ‘contiene una estructura absorbente como se reivindico en
cualquiera de las reivindicaciones 1 a 11'.



Si bien el preambulo tiene que ver con un producto, la parte caracterizante solo
menciona que dicho articulo absorbente ‘contiene una estructura absorbente’
como la anteriormente definida. Esta forma de redaccion da a entender que se
espera reclamar la aplicacién o el uso de la estructura absorbente dentro de un
articulo absorbente. No obstante, la legislacién no contempla la posibilidad de
proteger los usos.

e En conclusién, la reivindicacién 12 no es patentable de acuerdo con el articulo
14 de la Decision 486.

5. Determinacién del estado de la técnica

El artlculo 16 de la Decisién 486 de la Comisidn establece: “E! estado de la téenica
comprendera todo io que haya sido accesible al plblico por una descripcion
escrita u oral, utilizaciéon, comercializacion o cualquier otro medio antes de la fecha
de presentacion de la solicitud de patente o, en su caso, de la prioridad
reconocida.

Solo para el efecto de la determinacién de la novedad, también se considerara
dentro del estado de la técnica, el contenido de una solicitud de patente en tramite
ante la oficina nacional competente, cuya fecha de presentacién o de prioridad
fuese anterior a la fecha de presentacion o de prioridad de la solicitud de patente
que se estuviese examinando, siempre que dicho contenido esté incluido en la
solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40.°

e Se consultaron las bases de datos con que cuenta y tiene acceso la entidad y
se considerd el 30 de agosto de 1989 como fecha para investigar el estado de
la técnica.

e De acuerdo con lo establecido en el articulo 18 se determiné el estado de ia
técnica y se encontraron los siguientes antecedentes:

Fecha de
No. | Documento No. Titulo Publicacion
1 | uUS5817704 | "HETEROGENEOUS FOAM MATERIALS" |9 9@ ‘:‘ggg"' de
u n 19 de agosto
2 | EPo478011 ABSORBENT ARTICLE s
3 | US5338766 | "SUPERABSORBENT POLYMER FOAM® 13(,191“9%495“

6. Evaluacion de los requisitos de patentabilldad

El articulo 14 de la Decisibn 486 de la Comisién de la Comunidad Andina
establece: “Los Paises Miembros otorgardn patentes para las invenciones, sean
de producto o de procedimiento, en todos los campos de la tecnologia, siempre
que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion
industrial.”

En cumplimiento con este articulo, se procedi®6 a evaluar los requisitos de
novedad, nivel inventivo y aplicacion industrial con el fin de establecer la
patentabilidad de la invencidn reivindicada en la solicitud en estudio.
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Evaluacién del Nivel Inventivo:

El art. 18 de la Decisién 486 de la Comisién de la Comunidad Andina establece:
“Se considerard que una invencién tiene nivel inventivo, si para una persona del
oficio normalmente versada en la materia técnica correspondiente, esa invencién
no hubiese resultado obvia ni se hubiese derivado de manera evidente del estado
de la técnica.”

Respecto al estado de la técnica:

En el documento US5817704 (llamado D1 de aqui en adelante) se divulga una
estructura de espuma polimérica de celdas abiertas Interconectadas de
naturaleza flexible, microporosa que tiene por lo menos dos regiones distintas
de diferentes tipos de espumas esparcidas de modo que entregan una mezcla
deseada de propiedades en una pieza simple de material. Las regiones de la
espuma polimérica tienen diferente densidad, composicibn polimérica,
propiedades de superficie y/o morfologia microcelular. La invencidon ademas se
relaciona con una espuma polimérica absorbente heterogénea que, en
contacto con fluidos acuosos (en particular fluidos corporales como orina y
sangre) pueden capturar, distribuir y almacenar esos fluidos.

En D1 se enseila que la estructura absorbente también se pueden elaborar de
manera que los cambios en las propiedades se presenten de manera
graduales a lo largo de la direccidn z (espesor).

En el documento EP0478011 (llamado D2 de aqui en adelante) se divuiga un
articulo absorbente mejorado que incluye una capa de material absorbente.
Particulas de material superabsorbente son distribuidas dentro de la capa de
material absorbente y estas particulas son dispuestas para formar un gradiente
continuo de concentracién de superabsorbente por lo menos en una porcion de
espesor de la capa absorbente.

En D2 se ensefia que en los articulos provistos con tales estructuras
absorbentes, el superabsorbente que produce gel es adecuadamente aislado
de la superficie del cuerpo de una persona que usa el articulo, mientras que el
bloqueo de gel se reduce.

En las figuras representativas se pueden observar las modalidades de
incorporacién de gradientes de concentracion del material superabsorbente al
interior de las estructuras absorbentes. Una de ellas constituye el aumento de
la concentraciéon de superabsorbente a medida que se aleja de la capa de
adquisicién en direccion z.

En el documento US5338766 (llamado D3 de aqui en adelante) se divulga una
espuma polimérica superabsorbente que tiene una morfologla para proveer
propiedades de absorcién mejoradas. La espuma preferiblemente comprende
un polimero superabsorbente formado desde un mondémero insaturado
sustanciaimente soluble en agua que tienen grupos carboxil neutralizados y un
agente de entrecruzamiento intemo. EIl monémero y el agente de reticulacién
son expandidos en la presencia de un agente de soplado insoluble en agua y
un solvente deseable y reacciona para formar la espuma.

En D3 se ensefia que los polimeros hinchables higroscdpicamente
incorporados en la espuma comprimida y basada en celulosa se emplea para
absorber agua méas de 10 veces su propio peso. Tales pollmeros son
conocidos e incluidos, por ejemplo, productos de {a hidrolisis de almidén
injertado con acrilonitrilo, cuerpo entrecruzado de poliacrilato, alcohol
polivinilico, copolimero en blogue del &cido acrilico (acrilato), cuerpo
entrecruzado de carboximetilcelulosa, y alcohol polivinilico desnaturalizado.
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El polimero hinchable higroscoépicamente puede ser usado en varias formas
tales como granulos, polvos y fibras, etc. Ademas, los pollmeros hinchables
pueden ser combinados con el material de absorcién en numerosas formas,
incluyendo por ejemplo, por dispersion en la espuma, por interposicién entre
hojas, por Impregnacién de la esponja con un monémero de polimero
hinchable higroscépicamente y entonces permitirie ser incorporado en la
espuma subsigulente a la polimerizacién y reacciones de entrecruzado
que tienen lugar en ese estado.

Respecto a la solicitud en estudio:

El técnico de nivel medio versado en la materia encargado de resolver el
problema puede ser un ingeniero quimico que labore en la industria de
articulos absorbentes y que atienda a planes de mejoramiento continuo
normalmente definidos en las empresas.

De acuerdo con la reivindicacion independiente 1 de la solicitud en estudio, se
propone una estructura porosa absorbente en un articulo absorbente
caracterizada esencialmente por dos particularidades. Una es que la porcion
de adquisicion de liquido y la porcibn de almacenamiento de liquido forman
una unidad integrada, en la cual la porcion de almacenamiento de liquido
comprende una espuma de célula abierta polimérica igual o diferente de la
espuma en la porcién de adquisicidn de liquido.

Otra caracteristica es que la porcidon de almacenamiento de liquido también
contiene un material superabsorbente, en la cual la cantidad de material
superabsorbente es inferior en la parte de la porcién de almacenamiento de
liquido que se encuentra lejos de la porcién de adquisicién de liquido que en la
parte de la porcién de almacenamiento de liquido que se encuentra localizada
mas cercana a la porcién de adquisicién de ilquido.

Con relacion a la primera caracteristica, es necesario resaltar que D1 ya
contienen ensefianzas sobre estructuras de espuma polimérica de celdas
abiertas interconectadas, que presentan una sola unidad integrada con
porciones que cumplen las funciones de captura, distribucion y
almacenamiento de fluidos corporales (D1; Resumen). Ademas de esto, con
relacién a la segunda caracteristica, D2 ya contiene ensefianzas sobre la
incorporacion de material superabsorbente distribuido dentro de la capa de
almacenamiento de modo que se dispone para formar un gradiente de continuo
de concentracién del superabsorbente a lo largo de la direccién z (o espesor)
de la estructura, para subsanar los problemas de bloqueo de gel.

Ahora bien, si un técnico de nivel medio versado en la materia tuviera a su
disposicion las enseiianzas contenidas en D1 y D2 se veria impulsado a
desarroliar estructuras absorbentes de espuma polimérica de celda abierta que
cumple las funciones de adquirir, distribuir y almacenar fluidos, y podria
ensayar la adicion convencional de material superabsorbente de modo que se
presente un gradiente de concentracion a través de todo el espesor, teniendo
en cuenta que esto reduce los problemas de bloqueo de gel como se menciona
en D2.

Dado el analisis anterior, un técnico de nivel medio versado en la materia
podria combinar las ensefianzas de D1 y D2 para desarrollar estructuras
equivalentes a las de la solicitud y resolver el problema planteado. Asi,
proponer una estructura porosa absorbente con las caracteristicas definidas en
la reivindicacién independiente 1 no representaria un efecto sorprendente que
evidencie un salto tecnolégico sobre lo conocido en el arte previo.
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De acuerdo con la reivindicacion independiente 11 de la solicitud en estudio, se
propone un meétodo de produccibn de una estructura fibrosa porosa
absorbente, cuyo método se caracteriza por formar un material de espuma
comprimido y secado, aplicar una solucibn de mondémero de material
superabsorbente a uno de los lados opuestos del material de espuma,
polimerizar y reticular la solucién de polimero y secar la estructura de espuma.
No obstante, en el documento D3 se ensefia que los polimeros hinchables
pueden ser combinados con el material de absorcidon en numerosas .formas,
incluyendo por ejemplo, por dispersién en la espuma, por Interposicién entre
hojas, por impregnaclién de la esponja con un monémero de polimero
hinchable higroscéplcamente y entonces permitirle ser Incorporado en la
espuma subsiguiente a la polimerizacién y reacclones de reticulacléon que
tienen lugar en ese estado (D3; pagina 3, lineas 29 — 40). Dado lo anterior,
un técnico de nivel medio versado en la materia que tuviera acceso a D1 y D3
o D2 y D3 podria verse motivado a desarrollar un método de produccién
equivalente al de la solicitud, de modo que la propuesta del método tampoco
parece representar un salto tecnolégico respecto a lo conocido en el arte
previo.

¢ Por lo anteriormente expuesto, la invencién definida por las reivindicaciones 1
a 11 de la solicitud, podria verse afectado en su nivel inventivo ya que se
deriva de manera evidente del estado de la técnica y puede ser obvia para un
técnico de nivel medio versado en la materia. Por tanto, no cumpliria con las
disposiciones del articulo 18 de la Decisibn 486 de la Comisién de la
Comunidad Andina.

o En conclusién, los requisitos de patentabilidad de la presente solicitud se
encuentran afectados asi:

No. Documento Relvindicaciones Afectadas | Requisito que afecta
1. US5817704 . .
3. US5338766 en 1-10 .
combinacién con D1 o Nivel Inventivo
con D2 1

Se anexan los apartes principales de las anterioridades en el documento adjunto.

En cumplimiento del artfculo 45 de la Decisién 486 de la Comisién de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de notificacién de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar
de la respuesta subsistieran los impedimentos para la concesién, se denegara la
patente.

Notiflquese el presente oficio co a lo dispuesto en el numeral 5.2, literal o),
del capltulo quinto del titulo pgirhero d¢ la circular Gnica No. 10 de 2001.

CESPEDES/DE VERGEL
de Nuevas Creaciones
14 a0 2

El anterior requerimiento fue notificado por fijacién en lista, de fecha

CONCEPTO EXAMINADOR TECNICO
TECNICO No. 982 Cédigo No. 202042
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HETEROGENEQOUS FOAM MATERIALS

FIELD OF THE INVENTION

Thin application relates to flexihle, micoporous, open-
celled polymeric foam materials having two or more distinci
regions of different types of foam interspersed so0 as 10
deliver a desired mixture of propertics in a single picee of
material. )

BACKGROUND OF THE INVENTION

Flexibie open-celled polymeric foams are wilely used for
cnergy absorpiion or insulation (thermal, acoustic,
mechanical), tiliration, ohsorption of fuids, and the like. In
most cases, the foams desired for these purposes have
relatively homugenenus structures cumprising cells withio a
piven size range juined by open “windows™ or “holes”™ to
adjacent cellx. Among the various moamures of ruch foams
that arc importiant for cach application are cell sive/hole size
and distribation, snisatropy, proporiion of cell struts to
windows, and porosity. Anisotropy can arise from the rels-
tive deviation between the shap of all the cells in the foam
aml some geometric ideal. In general, work bas bosn
devoted to making foams as and isoimpic as
passible with respect fo cell size and shape and denaity.

Polyurethane foams having a range of densities arc known
maicrials. For examplc, the =intcgral skin™ flexiblc polyurc-
thane foams have hiph densily skin layem that Lrapsition
gradually over 1-3 em inlo a lewer densily core region, See
for example Ashida, K.; Iwasaki, K. 1n Handbook of Plariic
Foams", Lanclrock, A. H., ED.; Noyes, |995; Chapter 2, pp
56, 54-87, incorporated herein by reference. The overall
dumsities of such foams arv Lypically between abaut 200 and
1.100 kg/m’. These foams do not cxhibit distifet regions
having different compositional or micrastructural propurtios
within a single piece. Typically, thuse [oams also have
higher densities. larger cell sizes and/or larger hele sizes
than foams which may be preferred for certain applications.

Foams may be made from polymer neiworks which have
been cntangled 10 form an inerpenwirating nctwork (IPN).
IPNs may oxhibit some of the pmperties of both polymer
types. See [or example Odisn, G. G. “Prinviples of
Polymerization”, 3rd edition, Wiley-Interscience: New
York, 1991, New York, pp 149-150. IPNa do nol inherently
relate 1o control over any features al a supramolkecular scale
(¢.g-, density or cell size).

Laminates or sandwiches of two or more layers of foams
baving diforing propertics ure also well known. See for
example, Gihson, L. J.; Ashby, M. F. ~Cellular Salids™

L
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Porgamem Press: Oxford, 198K, Chapter 9. Formation of x

such composites requires an additional slep and may require
ume of sdhesive which may interfere with the functioning or
weight of the fosm composite and scrves as a potcntial point
of failure.

The development of highly absorbeat articles for use as
disposable diapers, adult incontinence pada and briefu, aad
sanilary papkins, is the suhject of substantial commercial
interest. The shility of such products to sequire, distribute,
and stare fuids such as are found in budy vxudales (c.g.,
urine, sweat, luces, and menser) is ohviously crilical to 1heir
function. Hislorically, this has heen primarily achicved by
using a combination af cellukosic flbers and interspersed
superabsorbent particles (genenlly lightly crosslinked par-
lially noutralized polyacrylic acid that forms a gel when
exposed (o free water). This approach has, however, encoun-
lored & pumber of difficulties in achisving officien] removal
of flvid from the body of the wearer and siorage away from
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the wearer. in part due o the difficully in controlling and
mainiainiog the sppropeiate hlend of particulate and fiber to
pravide the desired degree of capillary fluid transport and
cure integrity and flexibility.

Other absorbent materials capabk of providing capillary
fluid tranaporn include certain typas of polymeric foams in
absorbent aniicles for the purposc of imbibing. wicking
and/or relsining aqueour body Auids. See, for example, US.
Pat. No. 3,563,243 (Lindquist), issued Feb. 6, 1971
(absorbent pad for diapers and the like where 1he primary
ehsorbent & a hydrophilic polyurethane foam sheet); US.
Pal. No. 4,554,297 (Dabi), issued Nov. 19, 1985 (body fuid
absarbing cellular polymers that can he pked in diapers ar
coatamenial pmducta); U.S. Pai. No. 4,740,520 (Garvey ot
al), issued Apr. 26, 1988 (ahsorbent composite structure
such ax diapers, feminine care products and the like that
conwin sponge absorbents made from certain types of
super-wicking, crosslinked polyurcthane foams). ‘These
foams can provide core integrity and flaxibiliiy but oot the
dusired degree of capillary fluid transpont.

The wsc of appropriatc shsoebent foams in shsorbent
articles such an dispers and calamcnial pads can provide
features of capillary Quid scquisition, trexsport and storgs
reyuired for use in high porformance absorbent cores, Ahsor-
hent articles containing sich foams can posscss desirable
wel integrity. can provide suiiabls fit throughout the entire
period the article is womn. and can minimize changes in
shapo during use {c.g., swelling, bunching).

Particularly suitable ahsorhent low density open-cclled
foams heve been made from 1ligh Inlernal Phase Emultions
(bereafter referred lo as “HIPES™). Sce, for example, US,
Pat. No. 5,260,345 (DeaMaruis ot of), issucd Nov. 9, 1993;
ond U.S. Pat. No. 5,268,224 (DesManis ot al), issued Dec.
7, 1993. Other snitable absorhent foams are described m
co-pending applications U.S. Ser. No. OR/370,922
(DesMarais of al, filed Jan. 10, 1995); U.S. Ser. No. 0RA70,
695 (Sione et al, filed Jan. 10, 1995); US. Ser. No.
08/370,697 (Dyer, filed Jan 10, 1995); and U.S. Ser. No.
08/520,793 (DesMaris, fHled Aug. 30, 1995), all incorpo-
rated by reference herein. ‘The HIPE process provides facile
cootrol aver the coll and hole size end distribution, propor-
tion of cell struts to windows, and porosity in these [oams.
Whon ruitahly treated to render the murface of these foams
hydrophilic, these HIPE foams provide desirable fluid han-
dling properties, including: (a) relatively good wicking and
fluid distribution characieristics to irapsport the imbibed
urine or other body fluid away from the initial impingsment
zvne and inio the unused balanwe of the foam structure W
altow for subsequent gushes of flvid 10 be accommaxhated;
and (b) a relatively high siomgo capacity with a relatively
high fuid capacily under load, ie. under compressive
forces. These IIPE absorbent foams are also suffiviently
fcxible and soft so a5 lo provide & high degree of comfort
lo the wearer af the absorben article, and can be made
relatively thin umil subsequently wetled by the absorbed
hady Ruid.

An imporant issoc associnted with the fluid handling
propertics of an absorbent foam is capillary structure. Foams
baving larger cell sizes and hole sizes tend Lo acguine Qukl
quickly bul do oot distribuie fluid sufficicntly againat the
force of gravity, nor do they store fluid effectively.
Convemely, foams having emaller cell sizes and hole sizes
are able 10 wick Auid against the foree of gravity and store
the fluid tightly 1o kecp it awy from (he skin of the wearer,
but are typically alower to acquire fluid. As indicated,
herttalore, these opposing [unctions in an absorbent article
have heen achioved primarily by layering. in the z-direction,
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different types of distinct absorhent foams which providue
different functions. ‘This adds complexity and cost (o the
process and con limit the product designs desired o thoso
which sllow for combination of individual pieces. Also,
these designg arc limited in heing zhle 10 move fluids by =
dilferential capillary pressure only between the layers in the
“z-dimersion™ of 1he articles, i.c., oot in the “x-y dimenaion™
or within the plane of a given layer.

Another important issue is the strength ar resistance o
comprwsion deflection of the fosm. Foams having compar- 10
tively hipher densities, higher Tgs (defined bereinafier),
and/or higher crosslinker levels generally exhibit preater
resistance 1o deforming uader pressure. This is achieved at
the expense of using maore polymer per unit volume, baving
a foam which deforms 1oo slowly for practical use, ora foam 15
which is too britlle or inflexible.

Accandingly, it would he desirable tn he able 10 make an
open-celied polymeric foam maleria] that combines the
various propertics Hsied ahove as distinct repions within ono
material that: (1) expresses a combination of cell sizes 20
and/or hole sizes in differcnr distinet regions of a single
pices of [vam, and/or (2) oxprosses a combioation of
strengths and Oexibililics in & siogle picew of fosm, amffor
(3) expressas a combination of enerpy absorbent propertiss
in o single picos of foam. This can circumvont, at leasl 2
partiaily, the nced 1o use sepanate pieces of foams 10 serve
dilferent purposas, thorchy cnbanciog the cfficieocy aod
simplicity of anticles made with the objects of the currenl
invenlion

SUMMARY OF TIHE INVENTION

The present invention relates w a [1IPE-derived belero-
peseous polymeric foam structure of interconnecied open-
cells, wherein the foam structurv has at Jeast two distine
regions. Such heterogencous foams bave various
applicatjons, such as eneryy and fuid ehsorplion, insulation,
and filiration.

The inrvention further relates to a beterogencous absarbent
polymeric foam thal, upon contact with aqueous fluids (in ,,
particular body fuids such as urinc and blood), can acquire,
distribuia, and store these fluids. Prefersbly, the belcrog-
enous abworbunl polymeric [oam of the present imvention
comprises 8 hydrophilic, exible, nonionic pnlymeric foam
structure of inlerconnecied open-cells.

Regardless of whether the heterogenenus foam of the
prescnt invention is relatively hydrophobic, or i & hydm-
philic foam svitable for aqueons fluid absorption, the foam
bas st least lwo distinet regions tha diller with regard to one
or mon of foam densily, polymer compusition, specific o
surface area, or microcellular morphology (o.g., cell size,
shape, or distribution, or hole =izr).

The presemt invention Turtber relsics (o a procoss for
oblaining the beterogeneous foams by polymerizing a water-
in-vil emulsions or HIPE. In one aspedt, the proces uliliss ss
at least two distinct HIPEs, with each emuision having a
reiatively smal! amount of an oil phars and a rolatively
greater amount of a waier phase. This process comprises the
steps of:

A) forming & fira water-in-vil emaksion from: &0

1) an oil phase comprising: .

a) from sbout &5 1o about 98% by wuight of a
monomer component capable of forming a
copolymer having a Tg of about 95° U. or lower,
the monomor componen! comprising: [

i) from ohoul 20 W about 0% by weight ol al
keast one suhsiantially water-inanlubic owmo-
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functional mooomer capabls of forming an

atactic amorphous polymer beving & Tg of

shout 25° C. or lower;

i) from about 10 10 ahout 50% by weight of al
lvast one substantislly water-insoluble mono-
functional comonomer capable of imparting

toughness about equivalent to that provided by

siyTone;

iiif) from about 5 to about 50% by weight of a it

subsiantially water-insoluble, polyfuncticnal
crosslinking agent selucied [from
divinylbenzenes, trivinylbenzenes,
divinylwluuacs, divinylzyleoes, divinylnaph-
thalenes divinylalkylbenzenes,
divinylphcnanthrencs, divinylbiphenyls,
divinyldiphenylmethanes, divinylbenzyls,
divinylphenylethers, divinyldiphenylsulfides,
divinylfurans, divinylsulfide, divinylsolfone,
and mixiures thereof: and
iv) from 0O w ahout 155 by weighl of a second
fubstantially water-insoluble, polyfunctional
crosslinking agont selected from polyfunc-
tivnal acrylates, methacrylates, acrylamides,
methacrylamides, and mixturcs thercof; and
b) from about 2 10 sbout 15% by weight of an
enmubsifier component which is soluble in tho ail
phase and which is capable of forming n stable
waler-in-oil cmulsion, the emulsifier component
comprising a primary emulsifier baving st least
about 40% by weight cmulsifying componcnts
selecied from diglycerol monossers of bragched
Cy5~Ca, fatty acids. linear unsaturated C,~Con
fany scids, and linear satunated C,.~C,, fatly
seids; sorbitan monoesters of branched C,~C.,
farty acidn, linear unsaturaied C, ,~C,., fally acids,
lincar satunated C,~C,, fatty acids; diglycerol
monoaliphatic others of hranched C,,~C.,
aleobols, linear uosaturated C, ,~C... alcohols, and
linear saturated C,~C,, alcohols, ond mixtures
thereol; and

2) a water phase comprining an aqueous solution con-
taining: (a) from ahout (.2 to ahom 20% by weight
of o water-solubks olectrolyts; and (b) an cliective
amount of & polymerization initiator;

3) 2 volume to weigl raliv of waler phuse 1o oil phase
in the range of from ahowut 20:1 to about 200: 1;

B) optionally Forming & sccond, distinet waler-in-oil
emulxion which is different in a1 least one respect from
the first emulsion, but which comprises materials and
ranges selected from thoss listed in parts A)1), A)2),
and A)3): and

C) cither
1) 8) cumbining Ihe firt and sacond waler-in-oil emul-

sions in a forming vessel prior v polymerizing the

monomer components of either of the water-in-oil

emulsions; and

b) polymerizing both emulsions to farm & polymeric,
heicrogenous [oam;

2) n) partially or completely polymerizing Ihe monomer
componenls in the oil phese of the fist waler-in-oil
emuision;

h) combining the material from step C)2)a) and the
sccond water-in-oil emulsion; and

<) polymerizing the second emulsion, and the first
emulsion il combined when parily cured, to pro-
vide & polymeric. heterogencous foam: or

3) meking umly the find water-in-oil emulsion while
varying (he process conditions by which il is

e
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formed in a regular fashion uxing a ai
sion forming bead ex described bereinaiter,

In one embodiment, ooe of the emulaions generated may
e poured inlo a cmminer or reservoir partially or com-
pletely filled with spherical segments or sirips of material
preparcd from a previously polymerized, second cmulsion.
‘These spherical segments or strips of material are thor-
oughly saturatod with an aquenus solution closcly spproxi-
maling the composition of the aqueons phase used 1o fonn
the emulsion added. This mixture is then cured at an
appropriale tempurziure (o make a heterogeneous (vam of
the present invention.

In another embodiment., striped segments of valike mate-
rial may be prepared using two or more emulsicn forming
nozzles cxpressing different emulsions, layer upon layer, in
a forming vessel; ar by rhythmically varying the emulsion-
making conditions with the single emmision nozzle. In this
case, caontrol over the rclative rates of pouriog end the
relative dispositions of the 1wo nozzles provides control over
Ibe spatial relationships of the (wo (or more) dilanent lypes
of polymeric material developed in the final cired foam.

In u third embodiment, a single emulsion is produced, but
one or more of the eondilions of shear, walur-to-0il ratin,
pour temperature, and the like arc rhythmically or continu-
ously veried 50 ak 1o prodhice regions in the nesuliant foam
of different propertics. Thus, unlike the two embodimcnts
duseribed ubove, formation of the opitonal sucond umubdon
is not necessary in this embodiment.

In a fourth embodiment, a first unpolymerized emulsion is
intrduced into a farm containing & second emulsion which
is not substantially polymerized. By introducing the tir
emulsion lmom & nozzle pusitioned at the batiom of the form
while withdrawing the noyzle. the emulsion forms & column
or oiber geomelric figure within thu second emulsion. The
process is repeaied. Slices of the cured emulsion thus posses
regularty repeating crums sections of the first emulsion in the
farm of the geametric figure imbedded in the plane of the
slice of the second ermelsion. “Ihus, regions of differing

ies anc iniroduced within a sheet of material.

In g [lfth cmbadimen, a first cmulsion (vocured or cured)
is mokled or cut 10 a shape that acts as 2 mold or fitk inlo a
muld for an additional amount of a distinet emulsion, which
provides irregular. non-planar croms sections of intimatcly
contacied materiol in tho {inzl cured product.

In o sixth embodimem, » single omulsion is subjected 10
ceatrifugation prior to polymerization. Conditions of the
centrifugation are mild encugh that the water droplets aro
wot mptured lo disrupt the emmulsion, but stringent enough 1o
form a density gradient within the emukion. Upon curiny, a
density gradicnt will exist in the foam.

Of courne, the skilled artisan will reeognize that more than
two disting emulkions can be vmployed, 50 88 10 provids &
beterogenenus foam comprising regions with more than two
diffcrent pmperties.

BRIEF DESCRIFTION OF 'THE DRAWINGS

FIG. | of the drawings is a photomicrograph (250x
magnification) of the first region of a huterogeneous foam
baving four regions and three inlerfaces.

FIG. 2 of the drawings ix o pholomicrugraph (250x
magnification) of the second regioa within the same betero-
gencous foam.

F1G. 3 of the drawings is o photomicrugraph (25Ux
magnification) of the second interfave of the same betero-
geneuus fozm, where individual pour limes intorsect hetween
tho second and third reginns.

FIG. 4 of tho drawings is a pholomicropraph (250x
magniflcation) of the third regivn within the same hefero-
peneous foam.

emmul-
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FI1G. 3 of the drawings is a pbolomicrograph (250x

magnification) of the third intorfacy of the same
neous. foam where individual pour lines inlersect
between Lhe thind and fourth regioms,

FIG. 6 of the drawings s a photomicrograph {(250%
magnification) of 1he fourth region within the same hetero-
gencous foam.

FIG. 7 of thu dawings is a photomicrograph (30x) of the
fim1 of the 1hrev interfaces within the sume belerogencous
foam.

FIG. B of the drawings is a photomicrograph (30x) of the
mﬁ: of the three inzerfaces within the same heterogeneous

ams.

¥1G. 9 of the drawings is a pholumicrugraph (30x) of the
third of the threc intorfaces within the same beterogencous
foams.

FIG. 10 is a top-plan view of 2 catamenial product having
a beterogeneous foam of the pressat invention as an absor-
beat member.

[G. 11 is a cutaway depiction of a disposabls diaper that
ulilizes the absorbent polymwuric [oam of the present inven-
tion as an hovrglass-shaped fluid storage/distribution
compancnt, aptionally in an absorbent diaper core of dual-
layer configuration.

FIG. 12 of the drawings represcnls a cut-awny view of a
form-fliting article such as a disposable training pants prod-
uct that employs an absorbent polymeric foam sccording to
1be present invention as an shsorbent core.

FIG. 13 of the dawings is a pempective view of a siogle
picce of belcrogencous foam of the prescot invention having
threw distinct regions, where the middle region is a relatively
larpe celled strocture and the two outer regions are both
relatively small colled structures. Allematively, the distinct
regions may differ with regard to capillary suction specific
surfave arca per volume.

FIG. 14 of the drawings is a perspective view of a single
piccs of beterogensous fuam of the present invention having
5 distinct regions.

FIC. 18 of the drawings in & perspective view of the srame
foam siructure as that depicted in FIG. 13, where the foam
i% c-lolded s0 as Lo pravide a structure having a relatively
Iarge celled structure on the 1op and a relatively small celled
iructure on the hottom. This foam structure is particulady
suited for use an abaorbent article such as 2 catamenial pad,
and provides bolh sn scquisition/distribution layer and a
slorage layer in one piece of foam.

FIG. 16 is a perspective vicw of a single pices of
hetcrogencous foam having discontinoovs spheres locared
within a discrete, continuous region.

FIG. 17 & s crossuclional view ol the side of a single piscs
of beterogencous fvam of the presenl invention having
}Il‘sm:lu regions in the z-direction (i.c., thickness) of the

foam.

F1G. 18 is a porspedive view of the same piece of
heterogencons foam shown in F1Q. 17, agmin showing the
discrete regions in the z-direction of the foam.

FIG. 19 i a pholomicrograph (250xmagnification) ol a
beterogencous foam having discrete, unconnected regions
dispersed in 2 continuous regicn. The photomicrograph is
belicved 10 b 1aken at the interface of the contimous and at
Jeast ope dispersed region. Suprisingly, no discontinuity is
observed between the rogions.

DETAILED DESCRIPTION OF THE
INVENTION
1. Heterogeneous Polymeric [Foam
The [oams of this invention are belcrogoneous, open-
celied fosms. The halorogeneity relates 1o distingl regions
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within the same foam which are different in terms of any of
the paramecters of coll size, holo size, polymer compaosition,
fpecific surface area or density. The distinct regions are on
Ibu macro scnle, lypically st leasdt millimeler sealo dimen-
sions. Tho foams are preferably of rolatively Jow density
having aggrepate densilies less than about 50 ky/m? (0.650
g/cc). ~Opea celled™ relers W foams whenein the majority of
adjoining cells are in open communication with each other,
defined more fully below. Those foams aru prefurably pro-
pared from HIPUs, as described in more detail bereinafier.

‘Ihe genonl wiility of such heterogencous foams is broad.
For example, foams may he specifically formulated 10
absorb around 3 specific frequency of sound energy at a
given tempenature. Two frequencies may he shsorhad by
sandwiching two distinct, optimized layers of foam topether,
requiring an addilional process step. The foams of the
present inveation may he consiructed sb a5 o comprice
distinct regions optimized to shbsarb around two or more
specific frequencins without the requirement of lamination
of two dissimilar pieces of foam.

In filiraliva applications, the hole size and void volume of
the foam governs the efficiency of particulale removal &5
well as the flow restriction applied to the filtercd Muid. A
beterogencous foam of the present invention may be con-
strueted with regiogs of amall holed material inerspersed
amidsd regions of lasper holed materiol 30 as o Gliue fins
perticulatex without obsiructing the flow of the fluid through
the filter. In o rovirculating filtrtion sysiem, the finer par-
tick:a will eveatuadly be trapped by the smalicr holod regions
of the heterogensous foam.

Yet another similar concept applies to absorbent foams
wherein a foam of a relatively lamger cell size and hole size
may more quickly shsarb fluid in an absorbent anticle. Such
foarns are typically layered aver absorhemt foams having
relatively mnalker cell sias and bole sizes which exent more
capillary prassure and druin the acquired fluid from the
upper layey, restoring it ability 10 acguire more fluid. The
composite siruciures well known in the art are limited by the
ability to join two scperste layers of material, including
foam, suitshly snd convenicntly. The faams of the prescal
invenion may be so constructed s to provide the properios
of two or mare scparate picees of [oam in one malerial
without any imermediate joining sep.

A preferred vso of 1he fams of the preseat invention is as
absorbent cury materials in shsorheot articles for use as
disposable diapers, adult incontineace pads and hricfs, and
sanitary napking.

The foam meicrial of the present invemion contains at
leam two regions that differ with regard 10 their chemical
and/or phvaical make-up. As uscd horein, the terms *distinet
regcions” and =disinet (oam regivas™ mesa that e rogions
dilfer with regand to unc or more of foam dansity, palymer
compasition, apecifie surfacc arca, or micracellular mor-
phology (e.4., cell size, boie size). The difference(s) beiween
the dimcreto regions will be readily measuruble. For example,
if the difference(s) rcisics to microstructure, the mean cell
dismeler or the mean bole diameter in each region should
dilfer by at leam sbout 20%, preferably a1 lenst about 35%,
mure preforably at Jeast about 50%. If 1he differences relate
10 density, the dunsities of the distinct regionst should differ
by at least about 20%. preferably a1 least aboul 35%. maore
preferably al least shout 50%. For exampie, if anc region has
& demsily of 0.020 gice, a didtinet region shoukl have &
density of at leaw shoul 0,024 gice or less than show (.G
g/ec, preferubly at least ahoul 0.U27 g/ce or lews than about
01113 g/ee, and most prefurably at least about (L030 gfec or
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less than ahout 0.010 g/ec. If the differcnces are composi-
tional in matyre, the differcoces shouk! reflect a relative
difference in a1 keast one monomer component of at least
sbhout 20%, prelerably 35%, more prefcmbly at least about
50%. For example, if one region is composed of about 10%
siyreoc in iis formulstion, a distinct regica ahould be com-
posed of at leasy wbowt 12%, proferably st least alout 15%,
or no more than sboul 8%. preferably na moce than about
59%. Where hoterogeneity ix based on differences in cell size,
if one region conwins ceils having a mean dismeter of ahout
100 snn, a distinct region should contain vells having a mean
diameler of less than about 80 zm, preferably less than about
65 tam, mast preferably less than about SO ym. Where
heterogeneily m bhased on differences in hole sizo, if ono
region contains holes having a mean bole diameter of about
20 jam, a distinct region should conlain cells having a mean
bole diamewr of less than about 16 um, preferably less than
aboat 13 sam, most preferably lean than ahout 10 gm. Ofien,
the differences will bs as exaggerated as poasible, though
this will not slways be desimblo. The differences in regions
may comprise all threo types of differences discussed shove
in the anges indicated. Alo, more than two different regions
may cxisi wherein the differences between the three of more
distinct regions encompars the same difference ranges dis-
cuaed above,

Altbough the foams of the prescnt invention require
distinet regrions so as 10 be helerogencous, these foams may
possess a contiouum of propertics belween regions. Thet is,
while in corain crobodiments there will be 1 pelatively
abrupt changy in propertivs whon moviag (rmm uoe region o
tbe pext, ather embodiments will have s more gradval
change of propertion betweon regions.

Where two or more emulzions are smployed to provide s
heterogeneous foam, the lorm “distinet oomylsions™ means
that the emubkions will dilfer 0 such a degrec that their
polymerization provides a foam of the present invention,
i.e., having the requisite discrete regions. The skilled artisan
will recognize what aspocts of the emulsions (c.g., manomer
reactants. waker-in-0il ratic) andfor the conditions far their
pocessing (c.g., shear raics, ponr tempeniure) can bo
altered to provide foums having the requisits distinct
regions. Where 8 foam is produced using omo smmulsion,
processing comditions will provide the dexired differonces
between regions.

Sioce the foams of the prwent inveolion hawe, by
delinition, disinct regjons having different properties, the
propectios of each region may hest ho measured by using a
bomogencous foam preparcd in the same way. Some mea-
surcment techniques require sample sizes and shapes that are
incompalible wilh the nced to distinguish the differem
propenios of each region within the helerogencous foam.
Moastromenis made un the compuosits hetarogsnoous foans
in general will reflest hy deflnitinn a volume or surface area
averaged propecty of tho distinet regions unless the mea-
surement is made a1 a scale smaller than the size of the
dimtinet regian incll,

A. General Foam Characieristics

The multi-region foams of the present iovention may
compriis a dispersed, unconnectsd rogion(s) and a continu-
ous region. The dispersed, unconnected nogion(s) may be in
the shape of irreguler npherical scgments, or langer imegular
shapes embedded within » comtinuous region of dissimilar
foam. Altcmatively. the distinct regions may be alicraating
siripes or swirls continuous in only two dimcnsions.
Generally. the foam will consist of 2 region of disconlinuous
separatod material of like propertics dixpensed io & region of
continuous material having a second set of propertics.
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The miio of the volume and/or weight fractioon of each
rogion is obviously impaorteni, and ik roadily varied.
Preferubly, for foams having discontinuous segments, al
lea aboul 109% of the foam volume will be the discontiou-
ous segments or the effect may be too small to be beficial,
No mare than about 90% of the foam volume will be the
dircontinuous sepments or the effect may dominate the
colluctive propertics of the compesite foam. Preferably,
betwezn shont 209% and 50% of 1the volume of the foam will
comprise the discontinnous scgment volumes. If the foam ix
comprised of two ur mare cotinvous regions, each baving
distinct chemical and/or physical properties, preferably
between shout 20% and 8% of the fuam volume will
comprise ane type with the balance being the other type(s).
There is in principle no limit o the sumber of different
regions which may he interspersed to provide a given foam
of the present invention.

There are severul advaniages in wming hulerogencous
foams. When irregular spherical region(s) are dispersed in a
conlinuous region (as is depivied in FIG. 16), the sphurical
region(s) may comsist of a strong, low density polymer
which in rexistant 0 compression hut which is too brittle or
100 high in Tg 10 usc »x a continaous sheel. A eompusite
foam conxisting of brilile or high ‘Tg region(s) inlerspersed
in & wniinuous matnix of Qexible, iough stworbent polymer
will retain the dusirshle propertivs of (b latter. This com-
poxite foam can be made at Inwer demity than a cormespand-
ing homopeoeaus foam. The density of the ontire foam will
refleat the weighied averages of the densilies of the different
regioon. Such a foam can derive strength from the rigid
sections which will have kess tendency 10 collepse under
pramure. The continuous fexible section provides the flax-
ibility of the enlire [nam which would he lacking i a fvam
cansisting only of the rigid polymer. In an allernative
cmbodiment, discrete. unconnected regions may he dis-
persed in two or more discrele conlinuous regions.

Tn addition 10 modifying the polymer properties of the
regiona (c.g.. Tg, donsity, britilencas), the microceltular
siruciun ean be vericd s well This i particulary useful in
vombining several types of Nluid handling propertics in one
picce of ahsorhent foam. For cxample, a Ffoam having
different regions wilh relatively higher and Jower fluid
capillary pressure can be developed. This isx panicularly
uscful when the regions in the foam picce are continuously
dikperacd ratber than ax discontinuous regions. By this
method, siripes of maerial with lagger cell sizes and bole
%o an: intenspursed wilh siripexs of smaller cel) xizcs amd
ke sizer. (Sex FIGS. 13 and 14.) (OF courxe, other
propertics, much spevilic surface arca per volume may also ar
alicrnatively defloc the differences hetween the regiona.)
The larger eellholke region will be well suited for fluid
auquisition and wicking, and the smalier cellhole size
rogions will be better suiled for fluid distribution apeinst the
force af pravity and stomge. Thess siripes can provide for
fantcr wicking slong a preferred direction i an ahsarhent
article, thereby keeping fluid away from the edpes of the
articlo, which is particularly useful in catamenial products.
In cne embodiment, the hetcrogencous foam may comprise
one rclatively large siripe of large celled, large holed poly-
mer pusitionud botween (wo smaller siripes of small celled,
smull holed foam. (Sce FIG. 13.) This three-regivn fiam
may then he C-falded in produce two layers (see FIG. 18),
vach having & diminct fluid capillary pressure, making the
foum suitable for fluid movement within an absorbent anide
without wsipg a multiplicity of uawind atands for the mate-
rinls.

Allernatively, as duepicied in FIGS. 17 and 18, [oams of
the present invenlion may be prepared such that the transi-
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tion from one region o another occurs in the z-direction
(ie.. through the thivknes) of ibe foam.

Palymeric foamx sccording to the present tnveation uscful
in sheorbent articles st siructures are thesw which are
relatively open-celied. This means the individual cells of the
foam aro in complele, unohsirucied communication with
adjoining cells. The cells in such sutsniially open-celled
loam structures have interceliular openings or “windows™
(referred 10 herein as “bokes™) that are large cnough to pemit
ready fuid tmaafer from one cell o the other within the
foam siructure.

These substantially open-celled foam structures will gen-
crally have a reliculated characler with the individual cells
being defined by a plunlity of mutually connected, ihree
dimensionally branched wecbs. The strands of po i
material making up these hranched wehs can he referred tn
as “siruis.” For purposes of the present invention, a foam
material i5 ~open-celled™ if a1 loant RO of the cells in 1he
foam structure that are at Jeast I ym in size arc in flid
communicatiom with st Juas! one adjacent cell.

In addition to being open-celled, preferred polymeric
fosmns wre sufficiontly hydrophilic to permit the foam to
ahsarb ayusvus Muids in the amounis specifivd heroafior. The
intcroal mrfaces of the foam strctures arc rendered hydro-
phiilic by residus! hydrophilizing surfactanis andior salls ket
1a the foam sructure afier polymerivation, or by sclected
post-polymerizativa fvam lreniment procedures, as
dexcribed bereaflor

Preferred hydrophilic, sbsorbent foams of the
mvention will have at least one region particularly muted for
scquisiticn/distribution of body fluids, and al leamt onc
region particularly suited lor sorape of body fluids. Copand-
ing U.S. application Ser. Nos. 08371695, filed Jan. 10,
1995 by Sione e1 al (Case 5544), anc! OR/5:0,793, filed Aug.
30, 1995 by DeaMarais (Caes 5807), describe foam prop-
erties particularly suitable for Nuil acyuisilion/dintribution.
Copending U.S. application Sur. No. 08/563,866, flled Now.
29, 1995 by LesMarais et al. (Case 5541C) describes foams
propenies particularly suftable for fluid storage. The disclo-
surcs of vach of these applications is incorporated by refer-
cocw bhorvin, The skilled arfiran will recognine that 1he
properties. described in these copending applicationn can
readily b providied in regions of the [namr of the preact
invention, ax desired, Morcover, preferred ranges for the
various fonmn proportics described in these copending appli-
cations arc applicable to the corisin of the present hydmo-
philic [oams.

The exienl lv which 1he prelermed polymeric loams of the
prescnt invention are ~hydrophilic™ can he quantified by the
“adhesion tension™ value exhibiled when in contsct with an
almorhablo test liquid. The adhcaion lemsion exhihited by
these foams can be determined experimenially using a
procedure where weight uptake of a text liquid. ¢.p.. syn-
thetic wrine, is messured for a sample of known dimemsions
and capillary suction spexilic surface area. Such a procedure
i deacribed in greater delail in the TEST METHODS
wection of U.S. Pa1. No. 5,387,207 (Dyer et al.) issucd Feb.
7, 1995, which is incurporated by reference. Foams which
are uscful as abworbents in the present invention arc gencr-
ally those which exhibil an adhesion tension value of from
aboult 15 10 aboul 65 dyamsfem, more prelerably from aboul
20 10 abuwt 65 dynesfem, ax determined by capillory ahsorp-
tion of synthelic urine having a surface tonsion of 6525
dyoes/em. Alter compression, andfor thermal drying/
vacuum dewatering to a practicable exien, these polymeric
foams may have rexidual water that includes bath the water
of bydralion ssociated wilth the hydroscopic. hydrated sall
incurporated 1herein, a5 well as [ree waler absorbed within
the fuam.
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A Nonwuven and Aperturcd Film Coversheet™ flled on Nov.
19, 1991 by Aziz, et al., which is incorporated by reference.
Alternatively, the body surfaco of the topsheet can be made
bydrophilic by (resling it with o surfaclant such as is
deseribed in the above referenced U.S. Pat. No. 4,950,254,
incorporated herain by reference.

In usc, pad 10 can he held in place by any suppori ar
attachment device (no1 shown) well-known fur such pur-
poses. Preferably, pad 10 is placed in the user’s undergar-
menl or punty and secured 1hereto by & fastencr such as an
adbesive. The adhesive provides a means [or securing the
pad in the cmich portinn of the panty. Thas, a portiom or all
of the outer rurface of the hacksheol I8 is cnated with
adbesive. Any adhesive or glue used in the art for such
purpuscs can be used for the sdhesive herein. with pressure-
sensilive adhesives being preferred. Before pad 10 is placed
in uso, the pressarc-sensitive adhesive is typically covered
with a removable relesse liner in onder 10 keup the adbesive
from drying out or adhering 1o a surface other than the croich
portion of the panty prior I use.

In another embodiment, an artick: containing a heteroge-
foam of he present invention is » disposable diaper.
Dispossble diapers oomprising the sbsorbent foam struc-
tures ol the presenl invenlion can he made by using cun-
venlional diaper making kechnigques, but hy replacing or
supplementing the wond pulp fiber weh (“airfeli™) or modi-
fied cellulosic cors absorbents typically used in coaventional
dispers with one or more foam siruciures of the present
invention. Foam siructures of the prescnt invention can thus
he used in diapers in singio layer, or in various multiple layer
cure configurations as previously described. A repressnlative
ciziposable diaper embodiment of the present invention i
illustrated by F1G. Il of the dmwings. Such a diaper
includes an absorbent core 20, comprising an optional upper
fluid acquisition layer 21, and an underlving fluid siorage/
redistribution layer 22 comprising an absorbent heteroge-
ocous loam structure of the present iavention. A tapshect 23
is superposed and co-uxiensive with one face of the cons,
and o liguid impervious backshes! 24 is soperposed and
conxiensive with the face of the core apposite 1he face
covered by the . The: backshect most preferably has
a width greater than that of 1be core thereby providing side
marginal portions of the backsheet which exiend beyond the
curc. ‘The diaper i preferably construcied in an bourgless
configuration.

Anvther lype of absorbunl anicle which can utilize the
ahsurhent faam structures of the present invenlion comprises
form-fiting products such as training panis. Such form-
Brting articles will gencrally include a noowoven, flexible
substrute fashinoed into a chamis in the form of bricls or
shoris. An absorbent foam structure according to the present
imvontion ¢an (ben be aflixed in the crolch arca of such a
chassis in onder to swrve as on absorbunt “core™. This
ahsorbent core will frequenily he aver-wrapped with onve-
lope tissue or other liquid pervious, nomwoven material.
Such core overwrapping thus serves as the *wpsheet” {or the
form-fitting absorbent article.

The fexible subsirate which forms the chassis of the
farm-fiving article can comprise cloth or paper or olher
kinds of nonwoven substrate or formed fAlms aod can he
olamticized or ntherwise stretchable. Leg hands or waist
hands of such tining panis articles can be elasticized in
conventiona! fashion 10 improve fi1 of the anicle. Such a
subsiratc will geacrally be rendered relatively liquid-
impervious, or at least not readily liquid-pervious, by treat-
ing or coaling om surface 1bereol of by laminating this
flexilde substratc with another relatively liquid-impervious
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subsirate 10 thereby render the toial chassis relatively liguid-
imporvious. In this instance, 1he chamis itseil serves as the
~backshear™ for the form-flning anticle. Typicel training
pents products of this kind wre described m US. Pal. Nu,
4,619,649 (Roberis), issued Oct. 28, 1986, which is incor-
porated by referance.

A typical form-fitting article in the form of & disposable
training pants product & shown in F1G. 12 of the drawings.
Such » product comprises an outer layer 30 affixed 1o 2
lining layer 31 hy sdbesion alung the peripheral zones
thureal. For example, the innur lining 31 can be aflixed Lo the
outer layer 3, along the periphery of one leg hand arcs 32,
along thu periphery of the ather leg band area 33, and along
the peripbery of waisiband arca 34, Affixed to the crotch arca
of the anicle is & gencnally rectangular sbsorbent core 35
comprising an ahsorhent beterogeneous foam structure of
the pressot invention.

C. Camposile Foams

Ax discursed above, numemus passibilitios oxist with
regard 1o amrangement of the discrete regions within a given
composite foam. The skilled artisan will recognize that in
light of the reachings berein, routine cxperimentation will
provide [oams having varicus qualities, depending on the
desired end-use. As such, though four represeniative foam
embudimentis are depicted and dicussed in FIGS. 13, 14,
16, and 17/1IR, it is nol intended that the scope of the
invention is in any way limited to these embodimenis.

Referring 10 FIG. 13, a helerogencous foam 40 bhaving
repeating siripes is depicted. 1o paniculer, foam picee 40 has
a region 46 of relatively large-cclled material, positioned
bulween two regions 42 and 44, hoth of rulatively emaller
celled mukcrial. Regions 42 and 44 may be sither 1he same,
or they may he differenl. As depicted rectangularly, foam
piece 40 is ruiled for use »5 an ahsorhon! com for a
calamenial product. The relatively larpe celled region 46
will allow for rapid scquistion and distribution of discharged
hody fluid, while small celled regions 42 and 44 will prevent
Jvakage al the sides of the product. Arcuale Lines 47 anct 48
tlepict nplional cul-nul regions that may be prelemed whera
foam piece 40 is used as an absorhent cnre material in a
disper. Altiernatively. or in addition, the scquistion/
distribution region 46 may have a relalively Jower specific
srca per volume than siormge regions 42 and 44

The foam depicied in FIG. 14 is similar o that shown in
FIG. 13, but bas Nlve dislinci regions instead of threw. In a
prefermed embodiment, center royion 34 will comprize rols-
tively large celled material, which is ruiled for rapii acqui-
sition of hody fluid. Outer regioms 52 and 36 will proferably
comprise relatively small cclled material, again lo prevent
kakage of fluid from the sides of the cornssponding produet.,
Regions 53 and 85 will both preferably comprisc material
that have cell sizes smaller than region 54, but larger 1han
repions 52 andl 56. As a core for 2 feminine hvpicoe pad,
outer regions 52 and 56 may have hole sizes smaller than R

53 pm to prechude passage of red blood cells into the outer
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edyges of tbe product which might signal impending side-
kakage and failoro 10 the consumer. Such rogions will
absorb free fluid from the menses without passing rod blood
culls and auendanpt color.

‘The foam dupicted in FIGS. 17 and I8 is illosrative of an
embndiment where the distinct regions are lxyered in the
z-direction. FIG. 17 is a side view of foam 70 having upper
region 72 and lower region 74. I11G. 18 is a perspective view,
again showing upper region 72 and lower region 74, This
typo of foam in particularly suitahle a8 an sbsorbent material,
such as a diaper, wherein upper region 72 is an scyuisilion
material, and lower region 74 is 2 @orage material. A foum
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baving regions Iayered in the z-direction can e formed by
pouring an emmision to form region 74 in & mold. and
simullanenusly or sequentially adding s second emulsion to
form rogion 72. Iu a prefermed embodimenl, reyion 72 will
have a relatively Jower specific sarface arca per volume than
region 74, which will allow region 74 to droin fluid From
region 72.

1V. Test Methods

Many of the e mothods wed requive a lagger sample of
bhomogeneos material than may be present in the hetero-
geneous foame of the presant invention. Measuremont of the
properties of the distinct regions must then be vhiained by
laking a sample of the distinct emulsion streams, curing
them identically, snd using them to determine the speeiflc
indepondent properties of the beterogenoous regings of the
fuam.

A. Dynamic Mechanical Analysis (DMA)

DMA in used 1o detarmine 1he Tgs of polymers including
polymeric fosrns. Samples of the founs are aliced inlo
blocks 3-5 mm in thickness and washed 3-4 times in
distilled waicz, cxprossing the fuid through rolker nips
between each washing. “I'be resulting foam blocks are
alliwed Lo dry in air. The dried fosm slices are coned Lo yield
a cylinders 25 mm in diameter. These cylinders arv analyned
using a Rhoometrics RSA-T1 dynamic mechanical analyzer
sct in compression mode using panaliel plaks 25 mm in
diameter. Inatrumenl psrameters used were as follows:

Tcmpfnmle siep from ca. 85 C. 1o 40" C. in siops of

25°C

Soak imtcrvals boiween tempenature changes of 125160

seconds

Dynamic steain set at 0.1% 10 1.0% (usually 0.7%)

Frequency sci at 1.0 meians/second

Aurotension st in static force trecking dynamic foree

mode with inilial sialic force set at 5 g

The glaw Inunsition (emperature is fakon as lbe maximum
point of the loss lngent vermis lomporature curve, Tg is
appropriztely measured oaly an & homogeneous partion of
the beterogeneous foam, or from a representative picce of
homogeaeous foam prepared under the same conditions as
the region from the helcrogencous foam,

B. Resistance (0 Compression Dulloction (R1I'CD)

Reaislancu lo compression deflection can be quantifled by
moasuring the amount of strain (% reduction in thickness)
produced in & fosm sample which bas beon satorated and
cxpanded wilh syntbetic urine, afier a confining pressure of
0.74 psi (5.1 kPa) bas heen epplicd to the sample as
described in the TEST METHODS scction of U.S. Pal. No.
5,387,207 (Dyer vl al.) issved Feb. 7, 1995. Rexixlaoce 1y
Compresiivn Deflection cessuredents arc (ypically made
on the same samplo concurrently with 1the measurcment of
Free Absorbent Capacily and Expansion Faclor as described
beolow.

C. Frco Absorbunt Capacity

Frec absorbent capacity can be quantified by measuring
the amounl of synibetic urine absorbed in & [oam sample
which bas been sajursted and expanded wilh synibesic vrine.
Fres Absurhont Capacity muoasurements ar: typically mado
on the same sample concurrently with the messurement of
Resistance to Compression Deflection and Expansion Factor
a5 deseribed in the TEST METHIODS scection of U.S. PaL
No. 5387207 (Dyer ct al.) issucd Fcb. 7. 1995.

b ]
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D. Interfacial tension (I'T) metbaod (Spinning Drop)

Interfacial Tepsion {IFT) ix measured at 50° C, by the
spinning drop method described in U.S. Fal. No. 5,387.207
{Dyur ot al.) iwued Feb. 7, 1995, (beruin incorporated by
reference), oxcept that: (1) the monomer mixture used in
preparing 1he oil pbase cootains styrene, divinylbenzene
{55% icchpical grade), 2-cihylbexylacrylac, smd 14~
butanediol dimethacrylate in a8 weight riio of 14:14:60:12;
(2) the oceniration of ecmubsifier in the oil phase is vard
by dilution from an upper conceniration of genceally about
5-10 weight % down 10 a concentration where the TFT
increxses 10 a value that is at least about L0 dyne/cmn greater
thep the minimum IFT, or about 18 dyne/cm, whichever is
les; (3) o smooth line drawn through a plot of IFT versus log
emulsificr concentration is used 1o determine the minimum
IFT: (4) thw Critical Aggregation Conceniration (CAC) is
delermined by sxirapolating the low-tvoceniration, gener-
ally linear pootion of the IFT versus log concentration plot
(ic.. tho ponion of the curve lypically used o calculale
surface area per molecule at the inicrface, see for example
Roscn, M. 1. ~Surfactanis and Interfacial Phenomena™ 2ol
ed.; Wiley & Sons: New York, 1989; pp 64-69) 10 higher
concentration; the smubsificr conveniration on this extrupo-
luted line cormesponling (0 the minimum TFT ix taken as the
CAC. Genenally, an upper emulsifier concentmtion of ahant
5-10 weight % is used. Desirably, the upper emulsifier
concaniration uscd is a1 least about 1wice (more desirably at
kas about threc times) the CAC of the cmubsificr. For
crmlsifiers having a solubility in the oil phasc at ambicnt-
tomperature af luss thaa 5 wi. %, (e upper comentoution
limit can be reduced us ivng as this concentrating i still at
least about twice the CAC of the emulsifier st 50° C.
E. Capillary Absorption Pressures

A capillary shsorplion isotherm curve is gsasrated using
the Vertical Wicking Ahaarbent Capacity tes described in
the TEST METHODS section of U.S. Pal. No. 5387207
(Dywr et al.) isued Feb. 7, 1995, which is incorpomted by
reference, except ot 31° C. rathor than 37° C. The curve is
a pim of the aheorhent capacity of cach megment as »
fimetion of wicked height, wsing the distance rom ihe top of
the water rescrvoir 10 the mipoint of ¢ach segment for the
haight h. Tho capillary absorption pressure is taken as the
beight of the foam that has an absarbent capacity onc-haif of
tbe [nam’s [ree sheorbent capacity.

V. Specific Lxamples
‘[bese examples iliustruie the specific preparution of
foams from HIPEs according o 1he presen invention.

EXAMPLE 1
Prepanation of 8 Heleroganvous Foam from Two
HIPE Streams
HIPE Prepanation:

An aqueous phase is preparcd containing the ingredients
shown in Table 1. Two arganic phases are prepared using the

3% ingredicnts shown in Tablcs 2 and 3.

TABLE 1
, Fiam G i (o JIIER
Whing 756 L
Potamiom Peywpifhis AN g U5
Calalvn Chlaride T80 g wo%
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in Lbe middle bounded on each side by a region of smaller
cell sized material (In practicw, the smaller cell sizud
regions may be poured at such a rate us to make its thickneas
6 cm 50 that pieces can be suitably cul from a wids shect of
such foam.) The continuous piece is taken up on a roll and
delivered 1o the pad meking oporation whers it is folded into
1 (" -shape by bendinp the auter 3 cm segments under the
center 3 cm scgment. The foam is then cut into a 20 cm
length and placed into a pad under a topsheot and on top of
a backshee1 with appropriate adhesive application so ms 10
secure il within 1be consaruction, This provides [or a layer
having faster fuid acquisition on top of s Javer baving
preater capillary pressure which can effectively drain Ouid
fram the vpper layer as decribed in copending U.S. appli-
cation Scr. No. 08/542.497, filed Oct. 13, 1995 by Dycret al
(Case Nu. 5546R), which is incorporated hy reforence, but
consirucied from a xheut off v single roll.

EXAMPLE 8
Tampon Mado with Heleroponenus Foam
A lampon in constructed from a foam lhal is prepared
cssentially as described in Example 3 having thivknesses of
the distinct regions based on differem cclt aizex heing
approximately 3 cm. ‘I'be condilions of esch region arc
shown in Tablke 7 below.

TABLE 7
Poar Approe
Mean Cell Wiah of
Regien |14 ) Sim (m)  Region (cm)
1 o0 [ L] 3
2 400 6 10 3

A continmous piece is sliced 1.5 cm thick and 6 cm width.
The continuous picce is taken up on & roll and delivered 1o
thw tampon core making operalion where it is shaped into a
tube by curling Region 1 around Region 2. The foam is 1hen
cul into & 10 cm length and placed inside an outer fluid
permesble topsheet with appropriste adbesive application so
a5 to secure it within the construction. This provides for a
Iayer having lester Bui! acquinition ouwicho of a layer having
greater cepillary prossure which can effectively drain Quid
from the vpper (cmier) layer as decrihed in copending U.S.
application Ser. No. 08/542.497, filed Oct. 13, 1995 by Dyer
et ul (Case No. 554GR), but consiructed from a singhs sheet
off a single roll.

EXAMPLE ¢

A llcteropencous Foum For Use in Filtration

The [oam of Exainple 4 i sliced 1o & thickness of 5 mm
ani washed in water to remove most of 1he rexidual salts and
then dried. The contiminus slices of foam are cul jnto picces
10 cmx 10 cmn and reinforced with an cuter cardboard outsert
covering the ouier 1 cm of the foam on both sides. This
outsert peolecis the cdpes of the material. This picce is
inrerted into an air strcom passing through & plenum. The
cuanser celled region entraps larger paniculates and passes
tho air Aoam with relatively little restriction. Tho finer
celled region entraps smaller particles though it will pass the
air stream with greater roalriction (o its flow.

EXAMPLE 10

A Heterogeneous Foam for Use os Sound
Insulation

The foam of Example S i alived 1o a thickness of 5 mm
and washed in wator (o remove moest of the residual salts and
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then dried. The contiouous slices of foam are cul is into
pieces 20 cmx20 cm. The edges of these picces may be
reinfarced if needed as described in Example 9. ‘These g1

are then secured 1o & wall soparaling & nvisy device lrom s
living space. Because the parliculate picces embedded
within this foam will somewhat selectively absorb one
frequency and the contimious segment of this foam will
somewhal selectively absorb another frequency. a broader
frequency sbeorption profile will be abtained, similar to that
which woukl be obtained from two laminated bomogeneous
foams made separately from these emulsions.

EXAMI'LE 11

Forming a Hetcrogeneous Foam {rom Three HIPE
Streams

‘Two HIPES streams aro prepared a5 described in Example
1 from the oil phase described in Table 2. The il is split into
twD strcams, Stream A and Strcam B, to be mixed separtely
into two HIPEs which zro compositionally identical but
which have different waler droplet sines. Stream A i mixed
through a dynamic pin mixer operatiog a1 400 rpm a1 66° C.
emulsion temperalure at 3 wateroil ratio of 45:1 a1 §
Ibx/min. Stream 13 s mixed through a dynamic pin mixer
operatiog at 1600 rpm and 66° C. emulsion temperature at
s waiereoil mtio of 60:1 at 10 Ibs/min. Stream B is farther
divided cqually inio two sireama. Rather than being deliv-
ered into a muating tub as described in preceding examples,
the three sircams are delivered into a long redianguiar hed
with Stream A hoing delivered into the center of the sluice
and Stream B beinp delivered into each outer third of the
sluice. The rectangular bed is bed 45 cm wide and 30 em
deep on a moving web. The leagth of the bed is indefinite
and can he a contizuous loop. The portion of the hed filled
with the HIPHs is moved graduslly imo an oven to mainiain
the temperature at 66° C. suitahle for curing of 1he INPEs
into a polymer. This produces a hillet of HIPE foam of
indefinite length from which sogments may be cut suitable
for usc in diapers or catamenials and the like.

In a prufermed cinbodiment, hourglass-shaped disper sep-
ments are sliced 10 appropriate thickness (e, 5 mm) and
cul from the web along ils width (thc 45 cm dimonsion).
These cul segments will have foam suited for rapid fluid
acquisition in the croich region of the diaper and foam suited
for storage of the fluid in the back and front regions of the
disper. Fluid introduced into (be crowh region will be pulied
by capillary force inio the front and hack regions against the
force af gravity.

What is claimed is:

1. A hetorogencous polymeric foam structure of intercon-
nected opon-cells obisined from at Icasi onc water-in-oil
cmulsion, wherein the foam siructurc bas at lcast Iwo
distinct regions thal differ by al least showt 20% with regand
1o oo or more of polymer density, polymer composition,
surface properties, or microcellular marphology.

2. The heterogeneous foam of claim 1 whersin the foam
has an aggrepate dennily of kesw than about 0.05 g/oc,

3. The heterogencous foam of claim 1 wherein the foam
comprises a) a conlinuous region; and b) discrete, uncon-
nected regions dispersed in the continuous region.

4. The beterogeneous foam of claim 4 wherein the aggre-
gals volame of the discrole regions is from ahout 1096 to
about £0% of 1he [oam’s total volume.

5. The heterogemeous foam of claim 1 wherein the foam
comprises at keast two discrete, continuous regions.

6. The helcrogencous foam of claim 3 wherein each
cantinuows region comprises from ahout 20% tw about 80%
of the foam’s 1otal volume.
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&) Absorbent article.

& An Improved absarbent article Inciudes a layer of absorbent material (10) which has a length, a width and a
thickness (28). Particles of superabsorbent material (24) are distributed within the absorbent material layer, and
these superabsorbent particles are disposed to form a substentially continuous, positive concentration gradient of
superabsorbent through at least a porilon of- the thickness (26) of the absorbent layer. The superabsorbent
particies (24) may be of the same dimension or the average particle size may vary throughout the thickness (28)
of the layer of absorbent material. The article provides for absorbent structures whereln the superabsorbent
produced gel ie adequately Isolated eway from body surfaces of a person using the article while gel biocking ls

also aedequately reduced.
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The present inventlon is related to absorbent arlicies.

Disposable ariclas, such as diapers, sanlary napkins, incontinence garments, bandages and the like,
empioy pads or batts of absorbent matertal to absorb and retain liquids, such as body exudates. Significant
effort has been devoted to Increasing the amounts of quids that can be retalned by the absorbent pads. By
increasing the absorbent capacity of the pads, the physical dimensions, such as the thickness, of the pads
can advantageously be reduced.

Various types of absorbent pads have incorporated superabsorbent materials, such as superabsorbent
polymers, to increase the liquid retention caepacity of the pads. In certain configurations, the superabsorbent
materials have been selectively located in particular discrete aereas of the pad. For example, U.S. Patent
3,888 257 describes a disposable absorbent aricle which Inciudes a matrix of fiberized wood pulp.
Hydrocolloid potymer particles are located In a three-dimensional dispersion in a central zone or etrip of the
fiberized metrix. U.S. Patent 4,333,482 describes an absorbent siruciure which Includes an absorbent baitt,
containing two reservoirs. The first resarvoir opens toward the cover of the arlicle, and the second reservolr
is located below the first reservoir and containg particles of superabsorbent U.S. Petent 4,381,783
describes an absorbent article which Includes an absorbent layer having af least one discrete Intemal
pocket. The pocket containg a uniform admixiure of discrete supersbsorbemt parlicles and dlscrete
introfying particles. U.S. Patent 4,381,782 discloses highly sbsorbent, low density fibrous structuras, asuch
as webs or batts which Include mbdures of powdersed or microcrystalline hydrogel preparations with
surfactant treated flller materials. The hydrogel preparations are located In a transverse band or strip
extending across the width of the absorbent batt. U.S5. Patent 4,333,465 discioses a sanitary towel which
Includes an absorptive hydrophilic fiber filling material. An internal core of the filing material has an insert
which contains highly absorptive polymars therein. British Patent 1,408,815 deecribes absorbent pads which
Include absorptive gelling agents, such as teliulose ethers, celluloss esters, and acetyl starch. The gelling
agent s impregneted Into selected centrakareas of the pad.

Tha following patents disclose absorbent pads which include centralixred layera or zones composed of
material which are more absorbent than the other portions of the pad: U.S. Patent 1,702,530 U.S. Patant
3,073,308 and U.S. Patent 3,121,427. . °

U.S. Patent 3.609,103 discloses absorbent articies comprised of body-conforming supporte which
contain dry, sofid, water-swellable, water-insoluble polymeric sorbenis composed of lightly cross-linked
polymers. 1..8. Patent 3,670,731 discloses an absorbent dressing which includes a water soluble hydrocol-
loidal composition. The hydrocoilold cen be Intermixed with the flbers of an absorbent pad, or may be
located In a discrete layer along a major, suriace of the absorbent article.

Further, absorbant pads are imown which have Included superabsorbent particies disposed In strip-type
pattarns. For example, U.S. Patent 3,968,708 describes an absorbent pad in a C-fold configuration which
has a middie portion thersof loaded with & uniform dispersion of hydrocoliold polymer particies. U.S. Patent
4,410,324 describes a disposable dieper which has an absorbent pad folded Intermadiain the ends to
provide increased absorbent meterial ip the croich region. Hydrocolloldel material can be located in strips
along marginal portions of the absorbent pad.

U.K. Patent Application GB 2 145 BB1A describes an absorbent arlicle comprised of at least two
discrete super sbsorbent layers and a wicking means. The wicking means extends about and betwesn the
superabsorbent layers to help distribute liquid.

GB-A-21 31 348 describes a superthin absorbent disposable product having a compressed fibrous web as
an gbsorbing layer, superabsorbent particles being interspersed and fixed in sald absorbing layer and an
assoclated wicking layer.

Conventional ebsorbent arlicles, such as those dascribed sbove, have not been able 1o efficlently utilize
the full potential of the superabsorbent miterials. When the superabsorbent materials absorb liquid, they
typically swell and form a gel structure. Thig gel structure often blocks the further transfer of liquid Into the
remalning absorbent structure. As a result, the lquld may be unable to reach the remalning super absorbent
material and the efficlency of the absorbent article dacreasea significantly. Atternpts to overcome this "gel
blocking™ phenomenon have included various techniques. For example, the technique of uniformly dispens-
ing the superabsorbent particies within a pad of absorbent and the technique of employing discrete wicking
mechaniems to distribute the liquid throughout the quantity of superabsorbent heve been employed.
However, conventional techniques to reliably distribute the Equid end fully utilize the total amount of
superabsorbent material have not been completely satisfactory.

A further shoricoming exhibited by conventional absorbent structures employing superabsorbents has
been an undesirable, slippery and gel-fke feeling produced on the surfaces of the absorbent structure. This
sliimy feeling has been particularly oblectionabie In absorbent pads Incorporated Imio parments such as
inlent diapers, incontinence garments and feminine napidns. Conventional absorbent articies have ad-
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TABLE 3
PERFORMANCE VS. SUPERABSORBENT EZ-DIRECTIONAL DISTRIBUTION
BODYSIDE/OUTER SIDE & URINE ONLY

OVERNIGHT SAM DIAPERS
TEST PRODUCT DIST. RATIO (AREA) W/SAM ON BSL LXG 50(b)
4g SANWET IM1000/ 1:27 21% 250g
30g fluff

4g SANWET IM1000/ 1:1.5 40% 195g
30g fluff

4g DOW DRYTECH SAN 1:27{a) 1 24%g
30g fluff

4g DOW DRYTECH SAM 131;5(a) 19% 223g
30g fluff

(a) Distribution ratio based on qualitative analysis.

(b} An LEG 50 valua of 250 grams means that 50% of the
tested diapers falled before absorbing 250 grams of
liquid during overnight use.

SAM = Superabsorbant material
BSL = Bodyside liner

Having thus described the invention In rather full detsil, it will be reedily apparent that verious changes

and modifications can be made, all of which are contemplated es belng within the scope of the invention as
defined by the subjoined claims.

1.

An absorbent article comprising: a layer of absorbent material having a body eide and an outerside,
particles of superabsorbeant matsrial distributed within seid absorbent meterial layer; seid superabsor-
bent particies being disposed to form a substantislly continuous posiive concentration gradient of
superabgorbent through at least a porion of the thicimess of sald absorbant layer between ihe
bodyside and the oulerside thereof,

wherein the ratio of the superabsorbent concentration at the beginning of said gradient taken at a point
proximate the bodyside of the layer, at which the superabsorbent concentration has a substantialty non-
zero value and begins a gradual increass, to the superabsorbent conceniration at the end of sald
gradient Is at least about 1:3, as determined when the superabsorbent concentrations are measured on
a weight percent basls, and whereln a concentration gradlant line representing sald concentration
gradient of superabsorbent Is a fine having a positive slope within the range of 0.05-0.2 as determined
by change In percent areal superabsorbent concentration divided by the percentage of the thickness of
said layer over which the conceniration change occurs.

An arlicle as claimed In claim 1 wherein the superabsorbent concentration Increases from the bodyside
of said absorbent layer to the outer surface of sald layer.

An absorbent article as claimed In cleim 1 or 2, wharein the superabsorbent concentration at the
bodyside suriace of sald absorbent layer I3 leas than the average superabsorbent concentration of eald
absorbent layer, and the superabsorbent concentration at the outer surface of sakd absorbent layer Is
greater than said average superabsorben concentration.

10
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An absorbent article as claimed in clalm 1 wherein the superabsorbent concentration is greater at
locations partially through the thickness of sald sbsorbent layer than at the bodyaide and outer surfaces
thereod.

An absorbent arlicle as claimed In clalm 4 wherein the superabsorbent concentration le substantially
zoro for a discrete distance measured into said absorbent layer from the bodyside suface thereof.

An absorbent article as claimed In claim 4 or 5 whaerein the superabsorbent concentration is substan-
tally zero for a discrata distance mesasured Into sald absorbent layer from the outer surtace thereo.

An absorbent article as cleimed in any predecing claim wherein the positive superabsorbent concentre-
tion gradient gradually Increases as the superabsorbent concentration is measured at increasing
distance away from the bodyslde surface of sald absarbent layer.

An absorbent article as claimed In eny preceding claim wherein the superabsorbent particles located
near the bodyside surface of sald absorbent layer are on the average larger than the superabsorbent
particles located noar the outer surface of sald absorbent layer.

An absorbent article es claimed in cleim B, wherain the superabsorbent particies near the bodyside
surfece of sald absorbent layer range from about 300-1,000 um In size.

An absorbentt article as claimed In claim 8 wherein the superabsorbent articles located at the outer
surface of sald absorbent layer are less than ebout 300iLm In size.

An article as claimed In any preceding clalm wherein seid superabsorbent particies are substantially
uniformly distributed across the width of sald absorbent Iayer, 83 measured at a perticular thickness
level in the absorbent layer.

An article as claimed in any preceding clalm, wherein said superabsorbent particles ere substantially
uniformly distributed along the length of sald absorbent layer, as measured at a particular thicknese
love! in the absorbent layer.

An article 25 claimed In any preceding claim whersin the ratio of the superabsorbant concentrmilon at
the beginning of sald gradient to the superabsorbent concaniration at the end of sald gradient Is at lsast
shout 1:11, as detarmined when the superabsorbent concentrations are measured on a weight percent
basis.

An article es claimed In any preceding claim wherein the ratio of the supersbsorbent concentration at
the beginning of sald gradient to the superabacrbent concentration at the end of sald gradient Is at least
about 1:30, as determined when the superabsorbent concentrations are measured on a weight percent
basis.

An absorbent article, comprising: & layer of absorbent material having a bodyside and an outerside;
particles of superabsorbent material distributed within sald ahsorbent material layer; sald superabsor-
bent particles being disposed to form a substantially continuous, non-step wise positive concentration
gradient of superabsorbent through at ieast a portion of the thickness of sald absorbent layer betwesn
the bodyside and the outerside thereol; wherein the ratio of the superebsorbent concentration at the
beginning of sald gradient (taken at a point proximats the bodyside of the layer whore the argal percent
superahsorbent concentration is &t least 0.21%) and begins a gradual increass, o the supearabsorbent
concentration at the end of said gradient is at least about 1:2, as determined when the superabsorbent
concenirations are measured on an arsa percent besis and wherein a conceniration gradient Ane
reprasenting sald concentration gradient of superabsorbent is a line having a positive slope within the
range of 0.02 - 0.5, s determinad by change in percent areal superabsorbent concentretion divided by
the percentage of the thickness of sald layer over which the concentration change occurs,

An absorbent articie as recitad in claim 15, wherein said ratio of supsrabsorbent concentration is at
least about 1:5.

1
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17. An absorbent article es recited in claim 15 or 18, whenein said ratio of superabsorbent concantrations is
at least about 1:10.

18 An sbsorbent article as reclted In claim 15 to 17, wherein sald concentration gradient line representing
sald concentration gradient of superabsorbent Is a line having a positive slope wihiin the range of 0.03 -
0.4, es detormined by change In percent areal superabsorbent concentration divided by the percentage
of the thickness of sald layer over which the concentration change occurs.

18. An absorbent article as recited In claim 15 to 18, whensin sald concentration gradient line representing
said concentration gradient of superabsorbent Is a line having a positive slope within the range of 0.06 -
0.2, as determined by change in precent areal superabsorbent concentration divided by the percentege
of the thiciness of sald layer over which the concentration change occurs.

12

"y



EP 0 293 208 At

O-cAlMH.

Europlisches Patentamt

@ .0) Europesn Patent Office @ Publostion number: 0 293 208
Offics europsan des brevets At
® EUROPEAN PATENT APPLICATION

@ Apploxtion number: 58304801.9

@ DaisoffEng: 20.0588

@® ot A 61 L 15/00

& Pricity: 270887 P 130080/%7
01,1287 JP 303478/87
01.1247 JP 18312787

@ Duta of publiostion of application:
301150 Bufietin 88/48

@ Designaiad Contracting Biuias:
ATBECHDEES FR @B IT LI NL 8E

@ Applicant: LION CORPORATION
3.7, Honjo 1-chame
Sumbe-ku Tokyo (4P)

@ imvantor: Uchida, Allo

o/o Corpo. Shimimusaid 107 Tomuro 7
Alsugl-shl Kanagawn  (F)

lshihars, Hisako ¢/0 Berupla Isshara 1-20%

Shinknl, Shigenor
c/o Olive Heighte 202 30-30, lashara 3-chome
lsshare-shl Ksnagawa ()

Kashiwain, Toshinobu
2701, Masago 4-chome
Chiba-elii Chiba (W)

Reprasentative: Allam, Putar Clerk stal
LLOYD WISE, TREGEAR & CO. Norman House 108-108
London WCIR GAE (GB)

@ Absurptive article.
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Description
ABSORPTIVE ARTICLE

The presant invention relatss to a fluld-sbaorptive articla such es a catamenial napkin or dispoaabis diaper.

A fuid-absorptive article such as catamenial nepkin or disposabla diapsr commercialy avallable todxy
gensmlly comprises a fluld-absorpiive material of cotton-lice pulp, absorbent paper, hygroscoplc polymer or
the illea, & leakproof matarial of polysthylans film, waterproof paper or the lice adjacant a partion of the culsr
aurface of the fluld-absorptive matertal, and a fiuid-parmeable outer surfuce material. .

However, conventional absorpiive articies of thie kind formad from cotton-llics puip or paper genarally da not
have the strangth and shape-retainablity which would ba desired, snd thare Is also the problem thet the
abeorpiive material tands to be broken or kinkad, to form lumps, by the movement of the body as the
absorptive article ks being wom. Moreover, these problems are most conaplcuous aftar a body fluld auch as
oatamenial biood or urine has been sbaorbad, which accourts for the principal cause for the lealage of
catamenial bloed or urine.

With these problems in mind, It has been proposed to use polyurethane foam as the fiuld-absorptive
materisl (sea Japaness Patent Lald Open, Gezette No. 67-150858 and Japanesa Patent Laid Open, Gexett
No. 80-42416). Although such usa of polyurethans foam has some advantages over cotton-liks pulp, It hes
inferior sbhsarptive properiies, such as a poorer rete of absorption of, and & lower shsorption capecity for, body
fluids. Mareover, It ls (able to'ganemie ncxdous gassaa when the usad article s Incinerated. Accordingly, the
usa of polyurethane foam cannot be Judged to be selisfactory when it is sveluated from the overll viewpoint.

in accordance with the present invention there ls provided an asbsorptive arlicle comprising e
fuid-absorptive materal, wherein at laast a part of the fluld-absorptive material Is conatituted by compresaed
ceflulose-based sponge shest obtained by compressing celilcse-basad aponge.

As the Bxampias below demonastrate, by using compreasad calluloss-based sponge shest material as
taught by the present Invention H is possibis to provide an absorptive srticls of improved strength and shape
retainability when wetted, particularly es compared with tha usa of cotton-liks pulp or absorbant paper as the
fkid-absorpiive material. Absorptive articies made in sccordance with this Invention can thus be more
comfortable to wear, since they have & reduced tendsncy to lumpiness whan wet. Moreover, and unike
polyurathana foam, cellulose-basad sponge material does not give rise to noxious gases when incinamated.

It is praferred that the compressed cefiuloss-based aponge sheet should have a donaity in the range of 0.1
to 0.8 g/em3®, move preferably 0.3 to 0.8 g/cm3, and a percentage of valds in the range of 40% to 80%, more
prefarably from 509 to 8004,

In forming fuid-absorptive malerial using comprassed cellulcsa-based sponge sheat, one may elther make
use of a singls thicker shaat or a pluraiity of thinnar shests which may be laminated together. By giving the
fluid-abaorptive material a laminated structure, the flexdbiity of the material can be increased as compared with
the use of a single thick sheet, 8o that [h the cese of articles such as oatamanial napkins and dispossable
diapars a more satisfactory ssnsstion of fitted wear as well 58 an improved sbhsorptivity of body fdds can bs
obtuinad. :

In addition, siits, In varfous patiams cun be provided In the celiuloss-basad sponge sheets to improve
further tha comfort of fitted wear by snhancing the flexibfiity of the fhuld-absorptive materiul, as well ae to
Increeas the rate of fluld absorption by inocreasing the fluld-abaorbing area.

Moraeovar, by Including a hygroscopically swelling polymar In the fluld-absorptive material it is possibie to
markedly Increass tha absarption capacity for body flulds, as well as help {o prevent exudation of the body fluld
to the outside.

Embodimernts of the prasent absorptive ariicle wil now be described In detall with reference to the
sscompanying drewingas, in which:

Fig. 1 i a sectional view of ona ambodiment of an abaorpive article In accordence with the present
invention;

Fig. 2 Is a sectional viaw of another embodiment of absorptive article of the prasant invention;

Flg. 3 Iz & plan viow of a fluld-sbsorptive material of this invention provided with alita; and

Figs. 4A to 4Q are plan views shawing varfous alternative sfit pattema for the fluld-absorptiva material.

The absorptive ailcle shown in Fig. 1 comprises a fiuld-absorptive material 1 for absorbing and holding &
body fiuld such as catamential blood or uring, a leakproof material 2 conalsting of s fuld-mpermeable meterial
such as polyethylens flm or waterproof paper, and an outer surface material 3 consisting of a fiuid-permeable
material such as woven febric.

The fluid-absorptive material 1 s formead by faminating a plurality of compressed cellulose-based sponge
sheets 1a (here Hustrated ms four aheets) cbtalned by compresaing cefluoss-basad sponge. A
hygroscoploally swaling polymer 4 [s included In the fluld-sbeorptive matarisl 1.

The cellulose-based sponge (s a aponge of & materfal conteining a callulose skalsion. EXamples of such
sponges Include, in addition to apongaa conalsting of cellulose Heelf, sponges consisting of & oalllose
derivative such as viscoss, a caliulase sther and a celiuioss ester, and sponges coneisting of mixtures of thoes
materials just mentioned. By compressing such celiiosa sponges with a roller, thers La formed a compressed
calldose-based sponge shest 1a having & network etructure which contains air bubbles. it s prefermed that the
compreased material should have a density of 0.1 to 0.8 g/om?, more praferably 0.3 10 0.8 g/cm?, and & percant



of vokia aof from 404, more preferably of 50% to 80%%. The shaorber 1 hers fiustrated is formed by lamineting a
pluriity of tha ehests 1a, which preferably have a thickneas of about 0.05 - 2.0 mm.
An sxample of one auttabla method for obtaining the celitiloss-based sponge is as follows:

(1) Callulose Is converted to alkal cellulose with an alkall, than celluices xanthats Is obtained by
subjecting the product to xanthstion using carbon disuifide, and viscoss is preparaed by further adding
sodium hydroxide aolution. Glauber’s salt, reinforcing fibar, and others are added to the viscose which Is
obininad by the dissolving caliulose, the mixture ls extrudad thinly by the use of a devics auch aa a T-dis,
and ihe product Is aolidified by hsating. The product Is washed with water, trested with diluted sulfuric
acld solution, washed again with water, nsutraltzed with sodium carbonats and washad with water again,
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spongs of predatermined thicknaess I obtained by slicing, with a sficer, a thick

sheet-form or block-form callulese-based sponge prepared as deacribed In step (1). It ia deglrable to
alice the sponge In a moistura-bearing state and dry It after elicing.

Prior to compraaging the oeliuloss-basad spongs obtained in this way, It typically has a denalty In the mnge
of 0.01 to 0.2 g/cm3, and a compreasive deformation factor in the range of 1006 to 800 under a load of 46
g/emd,

Although the fluld-sbsorptive materiali can be formed by a single thick sheet of compressad
calluloss-based sponge, the flaxibilty and hence the wear comfort of the articie as a whaola can be Improved if
the fluld-absorptive material Is made by using a plurality of thinner compressed callulose-bassd sponge
shests, as shown in Figures 1 and 2, ie 30 aa to form a laminate. In eddition, the absorptivity of body fiuid [w
greater becausa esch shest 1a Is reixtively thin, and penetration of tha abaorbad body fuld to the various
layars (s faclitated, so that the rate of absarption of the flukd-sheorptive maderial as a whole s high

Further, by the use of one or a plursiity of the compreasad calluloss-hased sponge sheets 1a In accordance
with this invention, the ebaorptive ariicle can not only be formed compactly but It sleo has improved
absorptivity characteristica, such as the rate of sbsorption and the volumne of abaorption, of body fluids. This Is
bacause when the article makes contact with body fluld, tha fluld-absorptive material 1 sbsorbe the body fluld
quickdy and with a large capacity whils its own volume incroasas subatantially, generally from about 2 to 20
timas, and usally from 5 to 15 times Its volums at the tima of compression.

Aas the hygrosoopiaally sweiling polymer 4 which Is Incorporatad in the compressed celluloss-based spongs
in the preferred embodimants of this invantion, it is destrable to employ a polymar which can absorb water to
mors than 10 times ita own waight. Such polymers are known and inciuda, for example, the hydrolyala product
of acrylonttriie grafted starch, crossiinked body of polyacryiate, polyvinyl alcohol, biock copolymer of acryllo
ecid (moryiste), croasiinksd body of carboxymethyl cshuloas, and denstured polyvinyl aloohol. The

ewelling polymer 4 may be used In varfous forms auch as that of granulss, powdars, and fibars,
there being nothing critical about the form. Further, the hygroscopioally swefling polymer 4 may be combined
with the fluld-absorptive materal 1 in numerous ways, including, for example, by disperaing It in the apanga, by
interposing It between the sheets, and by Impregnating the aponge with & monomer of the hygroscapically
sweiling polymer and then allowing It to be incorparated in the sponge subsaquent to the polymertzation and
croasiiniing reactions that taie piace in this state. The dealmble content of the hygroacopically swalling
polymer In tha absorber ls usually in the range of 6% to 700 by weight.

in addition, another methad for enhancing the absorption characteristic of the fluid-sbsorptive aponge
matarial 1 le by introducing a subatitution group such as carboxyl group Into the aponge In a poat-forming
pracess or In the manufacturing procass.

in laminating a plurality of compreased cslluloss-based sponge sheets, the wear comfort of the article can
be enhanced further by alternately staggering these sheets slightly In the widthwiee direction, aa shown n
Fig. 2, sithough they may be laminated by precisely overlapping them in the vertical direction. in addition, ss
anothar mathod of achleving lamination, 8 compressed celiioas-basad aponge with a predetarmined width
can ba obtainad by folding back, toward the centre, the ands of compressad ceflulose-based sponge sheets
of greater width,

In tha compreased caliulose-based spongs shests from which the fluid-absorptive material Is made, a
plurallty of siits with appropriste apacing may be provided, as shown in Fig. 3. The siits 5 further Increase the
flaxdbiflty of the material 1 which In tum enhances further tha sansetion of a better fit, as well as increasing the
rate of absorption by enlarging the area for absorption of body fluide. That ks, body fluld Is absorbed not only
through the side facas of the siite 5, but alac throwgh the rear surfece of the fluld-abscrptive meterial 1 which it
reachaes via the siite 5, so that tha rate of absorption ls enhanced as compared with the case where no allts are
provided. The length, form, direction, and so forth of the sllts can ba widaly varied, and Figs. 4A to 4Q Blustrate
a number of different allt patterns which can be employed.

The nventlon Is further ustrated by the following Exampiss.

Example 1

Viacose eponge (bulk denstty of 0.045 g/cm?) of thickness 10 mm was compressed with a roller to form a
number gf aheets with densities in the range of 0.3 to 0.8 g/cm?. Tha reauiting shasts were then veed as
fluld-absorptive material in catamenis! napkineg which were formed by wrapping the aides. rear surface, and s
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