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Representante SCA HYGIENE PRODUCTS ZEIST B. V.

ASUNTO Radicacion No. 00-83196

Tramite 002
Evento 001
Actuacion 430
Oficio oot Q393
Folios 135

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

1) Documentos estudiados:

a) Para el presente estudio se tendran en cuenta el capitulo descriptivo,
comprendido en los folios 4 a 11 de la solicitud en estudio.

b) Para el presente estudio se tendra en cuenta el capitulo reivindicatorio que
comprende 11 reivindicaciones en los folios 12 a 14 de la solicitud en
estudio.

c) Conforme lo establece los articulos 9, 10 y 11 de la decisién 486 de la
Comision de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 3 de noviembre de 1999 y en el momento de la radicacidn
Sl se reclamo prioridad de la primera solicitud presentada en Europa
EP99203622.8

2) Objeto de la invencidn

a) Las reivindicaciones 1 a 12 de la solicitud en estudio se refieren a:
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i) (1.-) Un articulo superabsorbente de la invencion que tiene control de
olores y control microbiano mejorados, que comprende una capa
posterior impermeable a liquidos, una capa intermedia absorbente de
liguidos que contiene un polimero hidrofilico acido parcialmente
neutralizado, especiaimente un poliacrilatc con entrecruzamiento en
superficie, y una capa superior no absorbente permeable a liquidos, y se
caracteriza por comprender un agente neutralizante de alcalinidad que
esta uniformemente distribuido en dicha capa absorbente intermedia.

i}y (12.-) Un proceso para producir un articulo superabsorbente que tiene
control de olores y control microbiano mejorados, que comprende
mezclar una gente neutralizante de alcalinidad con un polimero
hidrofilico acido altamente neutralizado con entrecruzamiento de
superficie, distribuyendo la mezcla en un material transportador
fibroso, formando-el material transportador en una capa y cubriendo la
capa de material transportador con una capa impermeable a liquidos
en un lado y con una capa no absorbente permeable a liquidos en el
otro lado.

b) El anterior producto y su procedimiento de fabricacién buscan mejorar las
propiedades de prevencion de crecimiento microbiano y de olor enn
articulos absorbentes desechables.

c) Segun la Clasificacion Internacional de Patentes, la codificacion para esta
solicitud corresponde a: A 61 F 13/15

3) Determinacion del Estado de la Técnica

El articulo 16 de la Decision 486 de la Comisién establece:

'El estado de la técnica comprendera todo lo que haya sido
accesible al publico por una descripcion escrita u oral, utilizacidn,
comercializacion o cualquier otro medio antes de la fecha de
presentacion de la solicitud de patente o, en su caso, de la prioridad
reconocida.”

“Sdlo para el efecto de la determinacion de la novedad, también se
considerara dentro del estado de la técnica, el contenido de una
solicitud de patente en trémite ante la oficina nacional competente
cuya fecha de presentacion 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 este incluido
en la solicitud de fecha anterior cuando ella se publique o hubiese
transcurrido el plazo previsto en el articulo 40.”

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especiaimente bajo las clasificaciones A 61 F 13/15 y las mas cercanas a ellas,
se encontrd que antes del 3 de noviembre de 1999 (fecha para determinar el
estado de la técnica) habian sido publicados los documentos que se enumeran
en la siguiente tabla los cuales se relacionan con articulos absorbentes
desechables con neutralizador de alcalis.

De acuerdo con o establecido en el articulo 16 se determindé el estado de la
técnica y se encontro el siguiente antecedente:
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" Fecha de
[+]
N° | Documento Titulo Publicacién
: Absorbing agent compaosition, absorbent material
D1 EP 0761241 and absorbent product containing 1997.03.12
D2 | wo 9519191 Method and compositions for enhancing blood 1995.07.20

absorbence by absorbent materials

D3 | EP 0745 160 Fibres which can be densified and method for their 1995.08.24

production e
D4 | EP 0 316 518 Hygienischer Zellstoffarttikel 1989.05.24 |°
Sanitdre Hygienemittel, die der Aufnahme Harn
D5 | DE 30 30920 und Blut enthaltender Sekrete dienen, mit 1982.04.22 | <

geruchsverhindernden Eigenschaften

Absorbent article comrising a pH controlling 'S
D6 | GB 2326348 . superabsorbent 1998.12.23
D7 | US 3794034 Odor reductant body waste pad 1974.02.26 | ¥
D8 | US 3707148 Impregnated diaper 19721226 | ¢

4) Evaluacion de los requisitos de patentabilidad

El articulo 14 de la Decision 486 de la Comision de la Comunidad Andina
establece;

‘“Los Paises Miembros oltorgaran patentes para las invenciones,
sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas tengan nivel inventivo y sean
susceptibles de aplicacién industrial’.

En cumplimiento con este articulo, se procedio a evaluar los requisitos de
novedad, nivel inventivo y aplicacién industrial con el fin de establecer Ia
patentabilidad de la invencion reivindicada en la solicitud en estudio.

a) Evaluacidn de la novedad y el del Nivel Inventivo

El art. 16 de la Decision 486 de la Comision de la Comunidad Andina
establece:

“Una invencion se considerara nueva cuando no esta comprendida
en el estado de la técnica.” “El estado de la técnica comprendera
fodo lo que haya sido accesible al publico por una descripcion
escrita u oral, utilizacion comercializaciébn o cualquier otro medio
antes de la fecha de presentacion de la solicitud de patente o, en su
caso, de la prioridad reconocida.”

"Sélo para el efecto de la determinacion de la novedad, también se
considerara dentro del estado de la tecnica, el conlenido 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 prioridad de la solicitud de patente que se
estuviese examinando, siempre que dicho contenido esté incluido
en la solicitud de fechas de prioridad cuando ella se publique o
hubiese transcurrido el plazo previsto en el articulo 40."

El art. 18 de la Decision 486 de la Comisién de la Comunidad Andina
establece:



“Se considerara que una invencién tiene nivel inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
técnica correspondiente, esa invencién no hubiese resultado obvia
ni se hubiese derivado de manera evidente del estado de la
técnica”,

El art. 21 de la Decision 486 de la Comisidon de la Comunidad Andina
establece:

“Los productos o procedimiento ya patentados, comprendidos en el
estado de la técnica, no seran objeto de nueva patente, por el
simple hecho de atribuirse un uso distinto al originalmente
comprendido por, la patente inicial.”

La presente solicitud comprende un articulo superabsorbente que
comprende una capa posterior impermeable a liquidos, una capa intermedia
absorbente de liquidos que contiene un polimero hidrofilico acido
parcialimente  neutralizado, especialmente un  poliacrilato ~ con
entrecruzamiento en superficie, y una capa superior no absorbente
permeable a liquidos, y se caracteriza por comprender un agente
neutralizante de alcalinidad que esta uniformemente distribuido en dicha
capa absorbente intermedia.

D1 (EP 0761241) revela un articulo absorbente con las mismas partes que
la presente solicitud, y donde Ila composicion absorbente puede
comprender una resina absorbente con entrecruzamiento de superficie, y
donde dicha resina puede ser un poliacrilato. D1 relaciona que a dichos
articulos absorbentes pueden contener acidos y da una serie de ejemplos
de posibles acidos. El proceso de fabricacion es practicamente el mismo
de la presente solicitud.

D2 (WO 9519191) también revela el uso de acidos para neutralizar
materiales superabsorbentes en articulos

D3 (EP 0 745 160) igualmente incorpora materiales para articulos
absorbentes desechables que muestran el uso de acidos

Los procesos de D2 y D3 son practicamente los mismos que la presente
solicitud.

D4 (EP 0 316 518) muestra la aplicacion de agentes neutralizadores de
alcalis para aplicacion con articulos absorbentes desechables. Muchos de
los &cidos coinciden, al igual que el pH que manejan.

D5 (DE 3030 920) también revela el uso de Aacidos para articulos
absorbentes desechables.

D6 (GB 2326348} muestra formas de controlar el pH en articulos
absorbentes desechables.

D7 (US 3794034) muestra el uso de un acido para controlar el pH de un
material absorbente de un articulo absorbente desechable. En esencia lo
mismo que el solicitante quiere proteger. Algo similar ocurre con D8
(US3707148)
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En general lo que plantea el solicitante, ¢ ya es conocido del estado de la
técnica, o se deriva de forma obvia de cada uno de los documentos citados.
No habria no la novedad ni la aitura inventiva para que se ie conceda el
privilegio solicitado.

b} Resumen

En conclusion los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asi:

N° | Documento Reivindicaciones afectadas Requisito que afecta
D1| EP 0761241 1-11 _Novedad
Nivel inventivo
D2 | wWo 9519191 1-11 _Novedad
Nivel inventivo
D3 | EP 0 745 160 1-11 _Novedad
Nivel inventivo
D4 | EP 0316518 1-11 _Novedad
Nivel inventivo
D5 | DE 3030 920 1-11 _Novedad
Nivel inventivo
D6 | GB 2326348 1-11 _Novedad
Nivel inventivo
D7 US 3794034 1-11 _ Noyedad_
Nivel inventivo
D8 | us 3707148 1-11 _Novedad
Nivel inventivo

5) Notificacion

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comunidad Andina, se le indica que dentro del término de sesenta dias contados
a partir de la fecha de la notificacién de la presente comunicacién debe responder
a la notificacion. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesion, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto por el numeral 5.2, literal e)
del capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL
Jefe Divisiogyde Nuevas Creaciones

El anterior requerimiento fue notificado por fijacion en la lista, de fecha

1§ SET. 2005
Concepto Técnico N° EXAMINADOR TECNICO EXAMINADCR JURIDICO
Cddigo No. Codigo No.

1364 202003




EP 0761 241 A2

Q) Evmmnramone AW

Office européen des brevats (1 EP 0761241 A2
(12) EUROPEAN PATENT APPLICAT!ON
(43) Dalc of publication: 51) Imc1&; AG1L 15/42, A61L 15/60,
12.03.1997 Bulletin 1987/11 AG61L 15/18, A61L 15/20

{21) Application number: 96306263.3

(22} Dale of liling: 29.08.1986

(84) Designated Contracting States: + Ishizakl, Kunihlko
DE FR GB Sulta-shi, Osaka 565 (JP)
* Nagasuna, Kinya
(30) Priority: 01.09.1995 JP 224928/95 Himejl-shi, Hyogo 671-12 (JP)

12.12.1995 JP 323306/96
(74) Represeniative; West, Alan Harry et al
{71) Applicant; NIPPON SHOKUBAI CO., LTD. R.G.C. Jenkins & Co.

Chuo-ku, Osaka-ghi, Osaka-fu 541 (JP) 26 Caxton Street
Laondon SW1H ORJ (GB)
{72) inventors:

« Wada, Katsuyuki
Hime]i-shi, Hyogo 671-12 (JP)

(54) Absorbing agent composition, absorbent material, and absorbent product containing
absorbent material

(87)  Thereisprovided an absorbing agent exhibiting pecially usefulin personal hygiene products such as dis-
superior properties for liquid absorbency and absorbed posable diapers, sanitary napkins and incontinsnce
liquid retention undar compressional load, making it es- pads.

Prinied by Jawrve, TS001 PARIS (FH)
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Description

Thae present invention relates to an absorbing agent compaosition suited for use in sanitary goods, such as paper
diapars (disposal diapers), sanitary napkins, incontinance pads, an absorbant material, and an absorbent product
containing the absorbent material.

Recently, an absorbent resin Is used extansively in sanitary goods, such as paper diapars, sanitary napkins, in-
continance pads, to absorb body fluids.

Examples of such absorbent resins include: a partially neutralized crosslinked polymer of palyacrylic acid (Japa-
nose Laid-Open Patent Publication Nos. 84304/1980 (Tokukaisho 55-84304), 108407/1980 (Tokukaisho 55-108407),
and 133413/1980 (Tokukaisho 55-133413)); a hydrolyzed gralt polymer of starch-acrylonitrile {(Japanese Laid-Open
Patent Publication No. 43985/1971 (Tokukaisho 46-43995); a neutralized graft polymer of starch-acrylic acid {Japanase
Laid-Open Patent Publicalion No. 125468/1976 {Tokukaisho 51-125468)); a saponified copolymer of vinyl acetate-
acrylic ester {Japaneso Laid-Open Patont Publication No. 14689/1977 (Tokukaisho 52-14689)); a hydrolyzod copoly-
mer ol acrylonitrila or acrylamids, or a crosslinked product thereol (Japanese Laid-Open Palent Publication No.
15858/1978 (Tokukaisho 53-15959)); and a crosslinked polymer of cationic monomer (Japanese Laid-Open Patent
Publication Nos. 154709/1983 (Tokukaisho 58-154709) and 154710/1983 (Tokukaisho 58-154710)).

Nolable properties of the absorbent resin include absorbing capacily and absorbency under pressure when it is
in contact wilh an agueous liquid like & bedy fluid, gsl sirength, and absorbing power of absorbing liquid from a base
malerial containing an aqueous liquid, etc. Convantionally, the absorbent resins having some of ihe above-mentionsd
propertios which show desimble propertias (absorption proparties) in thair gpplications of paper diaper, sanitary napkin,
atc., as well as absorbent malerials and the absorbant product using such absorbent resins have been proposed.

Examplas of such absarbant resins, absorbent materials and absorbent producls include; an absorbant rasin dis-
closing & combination of a specific gel capacity, shear modulus and an extraction polymer content (US Patent No.
4,654,039): an absorbent resin having predetermined ranges of absorbing capacity, absorbing rate, and gel sirength,
and papor diapers or sanilary napkins using such an absorbent resin (Japansese Laid-Open Patenl Publication Nos.
18555071985 (Tokukaisho 60-185550), 1B5551/1985 (Tokukaisho 60-165551), and 165804/1985 (Tokukaisho
60-185804)); paper dinpers using an absorbent resin having predetermined ranges of absorbing capacity. absorbing
rate, and gel stability (Japanese Laid-Open Patent Publication No. 185805/1985 (Tokukaisho 80-185805)); an absorb-
ant product containing an absorbent resin having predetermined ranges of absorbing capacity, absoibing power, and
water-soluble content {Japanasa Laid-Open Paiant Publication No. 21902/1988 (Tokukaisho 63-21902)); absorbent
sanitary goods containing an absorbent resin having predetarmined ranges of absorbing capacity, absorbing capacity
under prossure and gel breaking sirength (Japanese Laid-Open Patent Publication No. 99861/1988 (Tokukaisho
63-98B861)); a paper diaper confaining an absorbent resin having predetermined ranges of absorbing capacity and
absorbency under pressure (Japanese Laid-Open Patent Publication No. 34167/1890 (Tokukaihei 2-34167)); an ab-
sorbing agoni containing an absorbent rosin having predetarmined ranges of absorbing capacity undar pressure and
panticle diameler [European Patenl No. 339,461); an absorbent strugture including at least a predelarmined amount
of absorbent resin having pradetermined ranges of absorbing rate and abscrbing capacily under pressure in a shon
period ol time (European Palent No. 443,627); and a synthetic absorbing malerial having at ieast a predstermined
amount of absorbent resin having predslermined rangos of datormation under ioad and wicking index (Europsan Patent
No. 532,002).

Racent sanilary goods, such as paper diapara and sanitary napkina, have bean improved in tarms of parformanca
and thinness, and accordingly, an amount of absorbent resin used in the sanitary goods per sheet, or percont by weight
of the absorbant resin basad on the weight of the absorbant material mainly composed of the absorbent rosin and
hydraphilic fibers (hereinafter simply referred 1o as a resin concentration) has been increasing. Namaly, by reducing
the amount of hydrophilic fiber having a small bulk specific gravity and increasing the amount of the absorbent resin
having a farga bulk specific gravity, the ratio of the absorbant rasin in the ebscrbant material is raised, and a thinner
sanitary mataerial can be achieved withoul reducing the absorbing capagity.

However, earnest researches have baen made by the inventors of the present invention in order to increase the
absorbing amount of the sanitary material, for example, by increasing the rasin concentration in the absorbent material.
As a rosull, the invontors have found that the absorbent material having a higher resin concentration than conventional
absorbent matorial cannol bo used wilhout having problems such as loakage of aquoous liquid from tha sanilary goods.
ole.. only by controlling the described absorbing capacity, absoibency under pressure, gel strangth, absorbing capacity,
etc. For example. as to the absorbenl resin which has besn viewsd with interast in which only absorbing eapacity undar
pressuro is large. by raising the resin concentration, the liquid dispersibility of the absorbent material is signilicantly
reduced,

Further researches have been made by the inveniors on absorbing propertias of the absorbent material having
higher rasin concentration than conventional absorbent material. As a result, they have found that in the case of using
a mixture of a known absorbent resin, a hydrophilic fiber is used as an absorben! material, although when a resin
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concentration is low, the absorbent matarfal shows a predetarmined level ol absorbing properties, when a rasin con-
cantration is above 40 percent by waight, such unprefarabla conditions that the liquid disparsibility is rapidly lowered,
the absorbing capacity of weighl per unit of the absorbent material is lowared, etc., would occur. In shorl, the absorbent
matarial made of a mixture of a known absorbent rasin and hydrophilic fibars causes the problems explained above.

It is therefore an object of the present invention to provide an absorbing agent composition such that exhibits
excellent properties (absorbing properties), such as capabilitias of maintaining high fiquid diffusion and a constant
abseorbing capacity per unit weight, evan whan an absorbenl resin is increased in percent by weighl based on the
absorbing agent composition, as well as an absorbent material containing such an absorbing agent composilion and
an absorbent product containing the absorbent matarial.

To tullill the above objoct, the invenlors of the present invention conlinued the steady and persistent studies on
absorbing agent composition, absorbent matarial, and absorbent product containing the absorbent material. In the
meantime, the inventors discoverad a unique property vaiue, that is, a diffusing absorbency index under pressurg,
which is suitably used to measure liquid difusion when the absorbing agent composition is absorbing an aqueous
liquid under predetermined condilions. The absorbing agent composition having a higher difusing absorbency index
under pressure can be oblained by mixing an absorbent resin having at least predetermined diffusing absorbency
under pressure and a specific compound, or surface crosslinking such an absorbent resin under spacitic conditions.

The inventors discovered thal an absorbing agent composition having & higher diflusing absorbency index under
pressure can steadily absorb an aqueous liquid supplied in bulk even if the absorbent rasin is increased in percent by
waight, and that such an absorbing agent cémposiiion exhibits excellent properties (absorbing proparies). such as
capabilities of maintaining high liquid diffusion and a conslant absorbing capacily per unit waight. The inventors also
discovered that using such an absorbing agent composition makas it possible to oblain an absorbent material and an
absorbant product with axcellent absorbing proparties.

To fulfill the above objecl. the absorbing agent composition of the present invention is characterized by having a
diflusing absorbency index under pressure of 1.5g/g-min or higher with regpacl to a 0.9 weighl percent sodiumn chlorido
sofution undor a load of 20g/cm?,

According to the above arrangernent, the above absorbing agent composition can steadily absorb an aqueous
liquid supplied in bulk, and even if the absorbent resin is increased in percent by weight, the absorbing agent compo-
silion axhibits excellent properties (absorbing properties), such as capabililies of maintaining high liquid diffusion and
a conslant absorbing capacity per unit weight.

Also, to fulfill the above object, the absorbent material of the present invention is charactarized by including at
least one of the above-specified absorbing agent compositions.

According to the above arrangemant, it has become poseible 1o provide an absorbent material which can sleadily
abgorb an aqueous liquid suppliad in bulk while exhibiting sxcellent absorbing proparties, such as capabilities of main-
laining high liquid diffusion and a constanl absorbing capacity. The absorbent material of the present invention can be
used suitably in making furthar improved and thinner absorbant products, such as sanitary goods including paper
diapers, sanilaiy napking, inconlinence pads, elc.

Further, to [ullill the above objact, the abaorbeant product of the present invenlion is characlerized by comprising
an abscrbent layer containing the above absorbent material sandwiched by a liquid parmeable sheet and a liquid
imparmeablo sheet,

According to the above arrangement, it has bacoma possible to provide an absarbent product, such as sanitary
goads, which can steadily absorb an aqueous liquid supplied in bulk and exhibits excallont absorbing propartias, such
as capabilities of maintaining high liquid diffusion and a canstant absorbing capacity.

Far a fuller understanding of the nature and advantages of the invention, reference should bo mada to the ensuing
detaited descriplion taken in conjunction with he accompanying drawings.

Figure 1 is a schematic cross saction of a device maasuring diffusing absorbency under pressure indicating one
of the properties of an absorbing ageni composition of the presant invention;

Figure 2 is a cross section showing a major portion of the above measuring device:

Figure 3 is a view explaining a diffusing direction of a physiclogical saline solution in the above measuring device:
Figure 4 is a schemaltic cross section of a device measuring diffusing absorbency under pressure indicating one
ol the properlies ol an absorbont matorial of the present invention;

Figure & is & cross eeclion showing a major portion of the measuring device of Figure 4; and

Figure 6 is a view explaining a diflusing direction of a physiclogical saline solution in the measuring device of
Figure 4.

The diffusing absorbency index under pressurs referrad herein is a new properly value suitably usaed 1o avaluate
liquid diffusion of the absorbent resin or absorbing agent composition (hersinafier, the explanation is carried out on
the basis of 1he absorbent resin lor the explanation's convenience) while the same is absorbing an aqueous liquid
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when the basis weight of the absorbent resin ia high and resin particlas are linked tightly 16 each other by an external
lorce. The diffusing absorbancy indax undar pressure is calculated using maximum absorbency under pressure at
which the absorbanl resin absorbs an aqueous liquid along the direction of the absorbent resin layar (herainafter,
refarred 1o as the lateral direclion) under predetermined conditions, tha detgils of which will be given balow.

The ditfusing absorbent index under pressura indicates how ateadily the absorbent resin absorbs the aqueous
liquid and how uniform and fast the absorbent resin diffuses the aqueous liquid in the laleral direction. The diffusion
{liquid diffusion and liquid tranemiseivity) of the aquecus liquid in the laleral diraction is particularly an impori factor in
absorbing a great amount of aqueous liquid. This evaluation makes it easier to predict the absorbing behavior of the
absorbont resin in an absorbent material, for exampla, the one mainly composed of the absorbent resin and hydrophilic
fibars. aspecially the one having a high resin concentration. The siruclure of the absorbent material will be described
below.

The diffusing absorbency under pressure used herein As a preferable property value for the absorbing agent com-
positian is a property value used to evaluate an absorbing capacity of the absorbing agent composition in consideration
of diffusion of the aqueous liquid when the basis weight of the absorbent resin is high and resin pariclas are linked
tightly to each other by an externalforce. The diffusing absorbancy under pressure is calculated using a value measured
under predetemmined conditions after a predetermined period, for example, 60 minutes, since the absorption started,
which will be explained below.

Many of the foregoing prior arl documents incorporate the evaluation on the absorbing rate. However, none of
them includes the evaluation cn the maximum absorbing rate under pressure while an aqueous iiquid is being difused
in tha lataral direction, In othar words, the evaluation was carried out only in a diraction intersecling with tha resin layer
direction (hereinalter, refsrred to as the longiludinal direction) in these documents, that is 1o say, the evalualion was
carried out only in the shorter distance the aqueous liquid moves. Thus, the absorbing behavior of the absorbent
malarial in the diapers, etc. adopting the absorbent material having a high resin concentration, can not be predicted
accuraloly irom the resull of the convenlional evaluations.

The absorbing agent composition of tho prosent invention has a diffusing absorbency indox under pressure of
1.5g/g-min or higher, and more preferably, 3.0g/g-min or higher, with respect to a 0.9 weight percent sodium chloride
solution under a load of 20g/cm?2. A preferred absorbing agent composition further has dilfusing absorbency under
pressure of 25g/g or higher with respect to a 0.9 weight percent sodium chlorida solution under e load of 20gkcm? after
60 minutes since the absorption starled, Further, the absorbing agant composition may include a non-volatile water-
soluble compound.

To ba more specific, the absorbing agent composition of the presant invention can be obtained by adding micro-
scopic water-insoluble inorganic powders (herainaller referred 1o as water-nsoluble inorganic powders) to an absorbent
resin having dilfusing absorbency under pressure of 25g/g or higher with respect to a 0.9 weight percent sodium chloride
solution under a load of 20g/cm2 after 60 minules since the absorption starled. Alternativaly, tha absorbing agent
composilion of the present invention can be obtained by adding a polyamine compound whose weight average mo-
lecular weight (Mw) is 5.000 or greater (hereinafter, refarred to as polyamine compound) to an absorbent resin having
diffusing absorbancy under pressure of 25g/g or higher with respect 1o a 0.9 weight percent sodium chloride solution
under a load of 20g/cm? after 60 minules since tha absorption staried. Aiso, the absorbing agent compaosition of the
prosent invontion can be oblainad by adding the watar-inscluble inorganic powders and polyamine compound to an
absorbant resin having diffusing absorbency under pressure of 25g/g or higher with raspecl io & 0.9 weight parcent
sodium chloride solution under a load of 20g/cn? after 60 minutes since the absorption started.

Further, the absorbing agent compesition of the prasent invenlion can be obtained by surface crosslinking an
absorbent resin through heat treatment using a surface crosslinking agent made of a mixture of specific crosslinking
agenls, and mixing the surface crosslinkad absocrbent resin and the surface crosslinking agent to subject the rasulting
mixture to heat treatmant again. The surface crosslinking agent will be detailed below.

A preferred absorbent resin is. lor example, an absorbont crosslinkad polymer containing a carboxyl group. The
absorbent crosslinked polymer is obtained by, for example, letting a hydrophilic unsaturated monomer mainly composed
of acrylic acid or the salt thereof undergo (co)polymerization (hareinafter, raferred to as polymerization). Of all the
proelerred absorbent crosslinked polyrmners, the more preferable is a crosslinked polymer of the salt of polyacrylic acid.
1t is further prolorablo that 50-80 molo percent acid radicals of the above crosslinked polymer are neutralized by alkali
meial salt. ammonium sall. amine salt, or the like.

The above absorbent resin may be known absorbent resins, such ag partially neutralized crosslinked polymer of
polyacrylic acid {U.S Patent Nos. 4,625,001, 4,654,039, 5,250,640, and 5,275,773, and Europe Patent No. 456138),
a partially noutralized crosslinked graft polymer ol starch-acrylonitrite (U.S. Patent No. 4,076,653), a copolymer of
isobulylene-maleic acid (U.S. Palent No. 4,389,513}, a saponified copolymer of vinyl acetate-acrylic acid (U.S. Patent
No. 4,124,748), a hydrolyzed (co)polymar of acrylamide (U.S. Patent No. 3,959,5689), and a hydrolyzed polymar of
acrylonitrile (U.S. Palent No. 3,835,099),

The above hydrophilic unsaturated monomer may optionally contain unsalurated monomers other than acrylic acid
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and the salt thereof (hereinatter relerred 10 a8 other manomara). Examples of the other monomers include, but ara not
limited to;

anionic unsaturated monomars, such as methacrylic acid, maleic acid, vinylsulfonic acid, styrenasulfonic acid, 2-
(meth)acrylamide-2-methylpropanesulionic  acikd, 2-{meth)acryloylethanesulfonic acid, 2-(meth)acryloylpro-
pangsulfonic acid, and salts of these acids;

nanionic unsaturated monomers containing hydrophilic groups, such as acrylamide, methacrylamide, N-athyl
{meth)acrylamide, N-n-propyl{meth)acrylamide, N-isocpropyl(meth)acrylamide, N,N-dimethyli(meth)acrylamida,
2-hydroxyethyl{meth)acrylate, 2-hydroxypropyl(meth)acrylate, methoxypolyathylene glycol (meth)acrylate, poly-
ethylene glycol mono{meth}acrylate, vinylpyridine, N-vinylpyrrolidone, N-acryloyipiperidine, and N-acryloylpyrro-
lidina;

cationic uneaturatad monomers, such as N,N-dimethylaminoethyl{math)acrylate. N,N-diethylaminoathyl{math)
acrylata, N,N-dimethylaminopropyl{methjacrylate, N,N-dimethylaminopropyl{meth)acrylamide, and quaternary
salls thersof; elc.

An amount of use of thesa monomers is preferably 30 parcent by mole or less, and more preferably 10 parcent by
mole or less, based on the entire hydrophilic unsaturated monomer.

A precursor of 1he absorbenl rasin (herainafter, refsrred 1o as the absorbent resin precursor) obtained by polym-
erizing the hydrophilic unsalurated monomer contains a carboxyl group. When cblaining the absorbent resin precursor,
it is preforable to introduce the crosslinking structura insida of the same using an internal crasslinking agent. The
intarnal crosslinking agent is not especially limited and may ba any compound having a plurality of polymaric unsaiu-
ratad groups and/or reactive groups in ona molacule. In other words., the internal crosslinking agent may be any com-
pound having a plurzlity of substiluent groups copolymerizable and/or reaclive with the hydrophilic unsaturatad mon-
omar in one moleculo, Allernalively, the hydrophilic unsaturalad monomer may be a seli-crosslinking compound that
{forms the crosslinking structure without using the intemal crosslinking agent.

Examples of the internal crosslinking agent include, but are not limited to:

N.N'-methylenabis{meth)acrylamide, (poly)ethylene glycal di{meth)acrylate, (poly)propylene glycol di{methjacr-
ylate, timothylolpropana triimeth)acrylate, trimethylolpropane di(math)acrylate, glycerol iri{meth)acrylate, glycerin acr-
ylate methacrylals, athylene oxide denatured trimethylolpropanae triimeth)acrylate, pentaerythritol tetra(imeth)acrylaie,
dipentaarythritol hexa(meth)acrylate, triallyl cyanurate, triallyl isocyanurate, triallyl phesphate, triallylamine, poly{meth)
allyloxyalkane, {poly)ethylene glycol diglycidyl ether, glycerol diglycidyl ether, ethylena glycol, polyathylene glycol, pro-
pylene glycol, glycerin, pentaerythritol, ethylenediamine, polyeihyleneimine, glycidyl(moth)acrylate, etc. One membor
or a mixture of two or more members salecled from thase internal crosslinking agents can be used effectively. Of all
these internal crosslinking agents, those having a piurality of polymeric unsaturatad groups in one molecule can further
improve the absorbing propartias of tho resulting absorbent rasin.

A prelerred amount of use of the inlernal crosslinking agent wilh respect 1o the hydrophilic unsaturated monomer
is in B range belween 0.005 parcent by mole and 3 percent by mole, and more preferably, between 0.01 parcent by
mola and 1.5 percent by mole. Neither an amount less than 0.005 percent by mole nor An amount more 1han 3 percent
by mole may result in an absorbent resin with desired absorbing properties.

When oblaining the absorbent resin precursor by polymarizing the hydrophilic unsaturated monomar, the foliowings
or the like may be added to the raaciant;

a hydrophilic polymer, such as starch, a derivative of starch, cellulose, a darivative of cellulose, polyvinyl alcohal,
polyacrylale, polyacrylic acid, crosslinked polyacrylate, and crosslinked polyacrylic acid;

& chain transfer agent, such as hypophosphite and hypophospheraus acid; and

water soluble or water disporsible surfactant.

A polymerizing method of the hydiophilic unsaturated monomer is not especially limited. For example, known
methods, such as solution polymerization, reverse phase suspension palymarization, bulk polymaerization, and precip-
flation polymerization can be adopted. Of all these polymerization methods, methods in which a water solution of the
hydrophilic unsalurated monomer is polymerized, that is, the solution polymerization and reverse phasa suspension
polymerization, are particularly prefarred in terms of readinass in contralling the polymarizetion reaction and properties
ol tha resulling absorbent resin. The reaction conditicns, such as reaction temperature and time, are not aspecially
limitod, and can be sel arbitrary depending on ihe kinds of the hydrophilic unsaturated monomaers.

The hydrephilic unsaturated monomer can be also polymerized by known methods, for example, those disclosad
in U.S. Patent Nos. 4,625,001, 4,760,427, 4,873,289, 4,003,776, 4,367,323, 4,446,261, 4,683,274, 4,600,558,
4,721,647, 4,738,E67, and 4,748,076.

When polymerizing the hydrophilic unsaturated monomsr, a radical polymerization initiator, such as polassium
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persuliata, ammonium persullate, sodium persulfate, t-butylhydro peroxide, hydrogen peroxide, 2.2'-azobis(2-amidi-
nopropane)dihydrochloride, activation energy rays, such as UV rays and sleciron beams, or the like can be used.
When the oxidizing tadical polymerization initiator is used, tha hydrophilic unsaturated monomer may undergo redox
polymerization using a reducing agent, such as sodium sulfite, aodium hydrogen sulfite, ferrous sulfate, and L-ascorbic
aeid. A prefarabla amount of use of the polymarization initiator is in & range batwaon 0.001 percent by mele and 2
percent by mole, and more preferably, between 0.01 perceni by mole and 0.5 percent by mole.

The resulting absorbent resin precursor obtained by any of the above polymarization methods is, for example,
sieved 1o a predatermined particle aize. The absorbent resin precursor may be spherical, leaflst, undefined, fibritorm,
granular, bar-wise, substantially spherical, flat. elc.

The absorbent resin of the present invention, having diffusing absorbency under pressure of 25g/g or higher with
raspect to a 0.9 weight parcent sodium chloride solution under a load of 20g/cm? after 60 minutes since the absorption
starlad, is obtained by surface crosslinking the above absorbent resin precursor in the presence of a specific surface
crosslinking agent. An example method of obtaining the absorbent resin is disclosed in U.S. Palont Application Serial
No. 08/571,560. To be more specific, the absorbent resin precursor is sieved lo have an average particle size beiween
200pm and 6004m and 1o conlain up to 10 weight percent particles having a diamstar smaller than 106um. Than, the
absorbant resin precursor is subjact lo heat treatment in the presence of a mixture of the first crosslinking agent and
second crosslinking agenl, which will bo described below. According to the above method, the crosslinking density of
the absorbanl resin is increased on the surface than the inside, theraby making it possibla to obtain an absorbent resin
having high diffusing absorbency under pressure. When tha absorbent resin pracursor has an average particle diameter
outside of tha above ranga batwean 200um and 600um, or the particles having a diameter smallar than 106um exceads
10 percent by woight, it may become difficult 1o oblain an absorbent resin having high diffusing absorbency under
pressure.

The surface crosslinking agent referred herein is a mixture of compounds that can react with carboxyl groups of
the absorbent resin precursor, that is to say, a mixture of the first surface crosslinking agent and second surface
crosslinking agent having their respoclive solubility parameter values (SP values). The solubility parameter value is
generally used a5 & factor representing the polarity of a compound. The present invention adopts a solubility parameter
Sicalicr?3)12 of solvents set forth in pages 527-539 of the Polymer Handbook, tha third edition, Wiely Intarscience. As
to the solvents which are not found in the above pages. the solubility parameter is calculated by substituling a Hoy's
condanse snergy conslant set forth in page 525 into a Small's equation set forth in page 524.

A preferable first surface crosslinking agent is a compound capable of reacting with carboxyl groups of the ab-
sorbent resin precursor and having solubility parameter of 12.5(cal/em®)*2 or higher, and more praterably, 13.0{cal/
cm?)12 or higher. Examples of the first surlace crosslinking agont include, but are not limited 1o: ethylene glycol, pro-
pylene glycol, glycerin, pentaerythritol, sorbitol, ethylenecarbonata{1,3-dioxolane-2-one), propylenecarbonate(4-me-
thyl-1,3-dioxolana-2-ona), etc. One member or a mixture of two or more members selected from these first surlace
crosslinking agents can be used sffactively.

A preferable second surface crosslinking agent is a compound capable of reacting with carboxyl groups of the
absorbent resin precursor and having solubilily parameter balow 12.5{callcm?®)1”2, and more preferably. in a range
betwesn 9.5(calicm®}*2 and 12.0(callcm3)122, Examples of the second crosslinking agent includa, but are not limited
to: diethylene glyeol, triethylene glycol, tletrasthylene glycol, dipropylene glycol, tripropylene glycol, 1,3-butanediol,
1.4-butanediol, 1,5-pentanediol, 2, 4-pantanediol, 1. 6-hexanadiol, 2 5-hexansdicl, trimethylolpropane, disth-
anolamine, triethanolamine, athylene glycol diglycidyl ether, polysthylane glycol diglycidyl ether, glycarol polyglycidyl
ether, diglycerol polyglycidyl ether, polyglycerol polyglycidyl ether, propylene glycol diglycidyl ether, polypropylene gly-
col diglycidy! ether, ethylenediamine, diethylenetriamine, triethylene tetramine, 2,4-tolylene diisocyanate, haxameth-
ylene diisocyanate, 4,5-dimethyl-1.3-dioxolane-2-one, epichlorohydrin, epibromohydrin, ete. One member or & mixture
of two or more members selactad from these ascond surlace crosslinking agents can be used effectively.

An amount of use of the surface crosslinking agent varies depending on the kinds of compounds and a combination
thereol; however, a prolerable amount of the lirst surlace crosslinking agent and that of the second surlace crosslinking
agent with respect to 100 parts by weight of solid content of the absorbent resin precursor is in a range between 0.01
part by weight and 5 parts by weight, and in a range betwaen 0,001 part by waight and 1 part by weight, reapectively,
and more preferably, in a ranga between 0.1 part by weight and 2 parts by weight and in a range between 0.005 part
by weight and 0.5 part by weight, respeclively. An amount exceeding the above spacified ranges is not preferable
because it is excessive to enable the absorbent resin to form an optimal crosslinking structure, besides it is not aco-
nomical. An amount below the above specilied ranges is not prefemble either, becausa it is not sufficiant to attain
appreciable improvement in the properties of the absorbent resin, such as dilfusing absorbency under pressure.

It is preferable to use wator as a solvenl when the absorbent resin precursor and surface crosslinking agent are
mixed. An amount of use of water varies depending on the kinds or particle diameter of the absorbent resin precursors;
however, a preferred range with respect to 100 parts by weight of solid content of the absorbing agent precursor is
between 0 part by weight exclusive and 20 paris by weight inclusive, and more preferably, betwaen 0.5 paris by weight
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and 10 parls by weight.
When the absorbent resin precursor and the surface crosslinking agent are mixed, a hydrophilic organic solvent
may be used oplionally as a solvent. Examples of lhe hydrophilic organic solvent include:

lower alcohols, such as methy! alcohol, ethy! alcahol, n-propyl alcohol, isopropyl alcohol. n-butyl alcohol, isobutyl
aleohol, and I-butyl alcohol;

ketons, such as acetone;

ethars, such as dioxana. tetrehydrofuran, alcoxypolyethylene glycol:

amides, such as N.N-dimathyllormamide;

sulloxides, such as dimethylsulfoxide; ate.

Anamount of use of the hydrophilic organic solvent varies depending on the kinds and particle diameter of the absorbent
resin precursor. however, a preferred ranga with respect to 100 parts by waeigh! of solid conten! of the absorbing agent
pracursor is up io 20 parts by weight, and more prelerably, betwesn 0.1 pari by weaight and 10 parls by weight.

When the absorbent rasin precursor and the surface crosslinking agent are mixed, the absorbent resin precursor
is, for example, disparsed in any ol the above example hydrophilic organic solvents, and after which the crosslinking
agent is mixed. Howevor, a mothod of mixing is not Iimited to the abave. Of all the possible mixing methods, the
preterred is @ method in which the surface crosslinking agent dissolved inlo water and/or hydrophilic organic solvent
is mixed with the absorbent resin precursor directly or through atomization or dripping.

A prafarrad mixing devica (hereinaftar, raferred to as the mixing device a) for mixing the absorbent resin precursor
and the surfaca crosslinking agent has a mixing force large enough to mix these two elements homogenoously in a
secure manner. Preferred exampis of the mixing device & include; a cylindrical mixer, a double wall conical mixer, &
V-shaped mixer, a ribbon type mixer, a screw type mixear, a fluidized-oven rolary desk mixer, a flash type mixer, a two-
arm type kneader. an internal mixer, a grinding kneader, a rolary mixer, a screw type exlrudar, etc.

After the absorbent resin precursor and tho surface crosslinking agent are mixed, lhe rosulling mixiure is subject
to heat treatment to surlace crosslink the absorbent resin precursor. The temperature of the heat treatment varies
depending on the kinds of the suriace crosslinking agents; however, a preferable range is between 160°C and 250°C
inclusive. The hoal treatment at a lemperature below 160°C is not preferable because it is not high enough to lorm a

uniform crosslinking structure and therefore the resulting absorbant resin does not exhibit high diffusing absorbency.

under pressure, besides, the heat treatmant takes 1oc long, which lowers the productivity as a result. The heet treatment
at a lamperature above 250°C is not preferabla either, because the absorbent resin precursor deteriorates and the
resulting absorbent resin exhibits poor properties. '

The heat treatment is carried oul using a typical dryer or furnace. Examples of the dryer includa: a channel mixing
dryer, a rotary dryer, a desk dryer, a fluidized-bed dryer, a flash type dryer, an infra-red dryer, eic.

Examples of tho water-insoiublo inorganic powders conlained in the absorbing agent composition of the present
invantion optionally include, bul are not limiled 1o: silicon dioxide, tilanium dioxide, aluminium oxide, magnesium oxide.
zinc oxide, talc. calcium phosphale, barium phosphate, silicic acid. silicate, clay, diatom earth, zeclite, bentonita. kaolin,
hydrotalcite. activated clay, etc. One member or a mixture of two or more members selectad from these waterinsoluble
inorganic powders can be used effectively. Of all these examples, microscopic noncrystat silicon dioxide is preferred.
Further, a preferred particle diameter of the noncrystal sificon dioxide is 1,000pm or smalter, and mora preferably
100um or smaller, further preferably 50pm or smaller, and most preferably 10um or smaller.

An amount ol use of the water-insolubls inorganic powders varies depending on the usa of the absorbing agent
compaosilion or the like: however, a preferred range with respact to 100 parts by waight of the absorbont resin is between
0.05 part by weight and 2 parts by weight, and more preferably between 0.1 parl by weight and 1 part by weight. If the
usad amount is less than 0.05 part by weight, the resulting absorbing agent composition may not exhibit a desired
diffusing absorbency index under pressura. On the other hand, using an amount exceeding 2 parts by weight doas not
necessarily aitain appreciable eftects for the increased amount, meaning that it is not economical.

Preferrad examplee of a mixing device (hereinafier referred 1o as the mixing device b) for mixing absorbent rasin
and watei-insoluble inorganic powders include: a cylindrical mixer, & screw type mixer, a screw type extruder. a tur-
bulizer, a nauter type mixer, a V-shaped mixer. a ribbon type mixer, a two-arm type kneader, & fluidized mixer, a flash
type mixer, a rotary disk mixer, a roll mixer, & 'rolary mixer, etc. The mixing speed can ba either high or fow. Note that
it is preferable to mix the waler-inscluble inorganic powders and the absorbent resin without using a solvent, which is
known as dry blend. However, il a solvent is used, emulsion ol water-insoluble inorganic powders may ba mixed with
the absorbent resin.

The polyamine compound optionally contained in the absorbing agent composilion of the present invention is not
aspecially [imited as long as the same has a weight averaga molecular waight of 5,000 or more. The polyamine com-
pound is not especially limited. but must contain at least one kind of amino group selected irom a group consisting of
a primary amino group, a secondary amino group, and a terliary amino group in cne moleculsa.

cb
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Examples of the polyamina compound include:

(1) a homopolymer ol a monoallylamjno derivative and a homopolymer of a diallylamine derivative;

(2) a copolymer of more than one kind of monoallylamine derivatives, a copolymer of more than one kind of dial-
iylamina derivatives, a copolymer of A monoallylarmine derivativa and a dialiylamine derivative:

(3) a copolymer of a monoallylamine derivative andfor diallylamine derivative, and a dialkyldiallylammonium salt;
{4) a homopolymer of an unsalurated carboxylic acid derivative containing & tertiary amino group (hereinafter
referred to As the unsaturated carboxylic acid derivative a).

(5) a copolymer of more than one kind of the unsaturated carboxylic acid derivatives &,

(6) a copolymer of the unsalurated carboxylic acid derivalive &, and an unsaturated carboxylic acid derivative
conlaining quatarnary ammonium salt which is in eflact a protonic and/or alkylated tertiary amino group, andfor a
dialkyldiallylammonium salt as a substituent group {hereinatter refarred to as the unsaturated carboxylic acid de-
rivative b);

{7) a lernary copolymer of the unsaturated carboxylic acid derivatives a and b, and a vinyl monomer copolymer-
izable with the unsaturated carboxylic acid derivatives a and b,

(8) a polymer produced by copolymarizing an unsaturated carboxylic acid and an unsaturated monomer copoly-
merizable with the unsalurated carboxylic acid first, and thence reacting alkyleneimine with a carboxyl group of
the resulting copolymar:;

(9) polyalkyleneimine;

(10) a polyalkyleneimine-epihalohydrin resin:

{11) polyalkylenepolyamino;

{12) a polymer of {2-methacryloyloxyathy!) ethylaneimine, and a copolymer of (2-mathacryloyloxyethyliathylens-
imina and an unsaturated monomer copolymerizable with (2-methacryloyloxyethyt) ethyleneimine;

{13) polyamidepolyamine,

(14) polyamideamine-epihalohydrin rasin;

(15) denaturated polyacrylamide as a rasult of Mannich reaction and denaturated polymethacrylamide as a reaull
of Mannich reaction;

{16) polyvinylamine, and a copolymaer of vinylamine and an unsaluraled monomer copolymerizable with vinylamine;
{(17) a condansation polymer of dicyandiamida-diethylaneiriamine; etc.

To be more specitic, examplas of the polyamina compound include:
polyallylamine, polydiallylamine, poly(N-alkylallylamina), poly{alkyldiallylamine), a copolymer of menoallylamine-dial-
lylamine, a copolymer of N-alkylaflylamine-monoallylamine, a copolymer of monacallylamine-dialkyidiallylammonium
salt, a copolymer of diallylamina-dialkyldiallylammonium sak, polydimethylaminosthyl acrylate, polydisthylaminoethyl
acrylato, polydimethylaminoethyl acrylamide, straight-chain polyathyleneimina, branched-chain polyethylensimine,
polyethylenepolyamine, polypropylenepolyamine, polyamidepolyamine, polyetherpolyamine, polyvinylamine, polya-
midepoclyamine-epichlorohydrin resin, polyamidine, etc. The examples aleo include amino denaturated products pro-
duced by reacting formaldehyde and diethylamine with polyacrylamide or polymethacrylamide.

The polyamina compound may be neutralized by an acid compound, either entiraly or partially. The acid ct:hmpound1
may be any compound capable of neutralizing the polyamine compound, that is to say, any inorganic acid and organic
acid. Example of inorganic acid include:

carbonic acid;

hydroacids, such as hydrochloric acid and hydrofluoric acid;

oxygen acids, such as sulfuric acid, sulfurous acid, nitric acid. hypoposphorous acid, phosphorous acid, ortho-
phesphoric acid, metaphosphoric acid. polyphosphoric acid including pyrophosphoric acig, tripolyphospharic acid,
uliraphosphoric acid (acid metaphosphoric acid), perchloric acid;

salts of the above oxygen acids; elc.

Examples of the organic acid includa compounds containing an acid functional group, such as carboxylic acid, sulfinic
acid, sulfonic acid. phenolic acid, encl (a tautomer of a carbonyl compound), mercaptan, imide (acid imide), oxime,
sulfonamide, etc. To he more specific, examples of the organic acid include:

hydroxy acids, such as glycolic acid, lactic acid, trichlorolaclic acid, glyceric acid, malic acid, tartaric acid, citric
acid. lartronic acid, and gallic acid;

amino acids, such as asparlic acid; eic. One member or a mixture of two or more members selected from these
acid compounds can be used effactively.
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The polyamine compound has a weight average molecular weight of 5,000 or higher, and a prelerred rangse of the
same is between 10,000 and 10,000,000. Using a polyamine compound having a weight average molecular weight
balow 5,000 is not profarable, bacausa tha resulting absorbing agent composition often {ails to exhibit a desired diffusing
absorbency index under pressure. An amount of use of the polyamine compound varies depanding on the use of the
rasulting absorbing agent composition: however, a preferred range with respect to 100 parts by weight of the absorbent
rasin is botween 0.1 part by weight and 10 parts by weight.

In a suilable method of mixing the absorbent resin and polyamine compound. a eolution or dispersion liquid is
prepared by dissolving or dispersing the polyamine compound into water and/or any of the aforementioned hydrophilic
organic solvents, and tha solutien or dispersion liquid is mixed with the absorbent resin through atomization or dripping.
The absorbent resin and polyamina compound are mixad wilh oach other by any of the abova-mentioned mixing devices
b. The mixing spead can be sither high or low.

The water-insoluble inorganic powders and polyamine compound may be used separatealy or togsther. The mixing
order of tha absorbant resin, water-insoluble inorganic powders, and polyamine compound is not espacially limited.

As previously mentioned, tha absorbing agent composition of the present invention can be oblained by another
mathod, which will ba described balow.

In the first place, the absorbent resin precursor is adjusted in such a manner to contain carboxyl groups, have an
average particle diameter in a range between 200um and 600um, and contain up to 10 weight parcont particles having
a diamater smalier than 106um. Then, the absorbent rasin pracursor is subject 1o heat treatment under the presence
of the first and second surface crosslinking agents reactive with the carboxyl group at 160°C or higher to produce an
absorbent resin: the first surface crosslinking agent has a solubifity parameter of 12.5(caliem3)12 or higher while the
second surface crosslinking agent has a solubilily parameter below 12.5(calicm?3)!2.

Inthe second place, the surface cresslinking agent, preferably, thefirst surface crosslinking agent having a solubility
parameter of 12.5(calflem?®} 12 or highar and the second surface crosslinking agent having a solubility parameter befow
12.5(callcm3)12, is added to the resulting absorbenl rosin and mixed, after which tha resulling mixture is subject to
heat treatment at 160°c or higher.

The non-volatile water-soluble compound optionally contained in the absorbing agent composition of the present
invention has a boiling point of 150°C or higher under nomnal pressure, remains in & solid state at room temperature,
and at least 1g of which dissolves into 100g of water at room temperature. A compound that remains in a solid state
&l room lemperature, or has a boiling poinl of 200°C or higher under normal pressure is preferable. More prelerable
is & compound at least 10g of which dissolvas into 1009 of water at room temperature, and further preferable is a
compound at laast 100g of which dissclves into 100g of water at room temperature. When the absorbing agent com-
position is used in the absorbant product, such as papar diapers, using the above non-volatile water-soluble compound
makes il possible 10 improve urine resistance while reducing an amount of wel back of an aqueous liquid (an amount
of the absorbed aqueous liquid seeps back from the absorbing agent composition).

Examples of the non-volatile water-soluble compound include organic compounds containing at leasl ane func-
lional group selected from a group consisting of hydroxyl group, carboxyl group, amide group and amino group, and
inorganic compounds exhibiting basic propartias 10 the absorbent resin. The inorganic compounds exhibiting basic
propertias to the absorbent resin referred herein is a compound having & higher pH than the absorbent resin. A com-
pound proferred as such inorganic compounds has a pH of 8.5 or higher, mora prefarably 9.0 or higher, and most
preferably in & range between 10 and 14.

Of all the above organic compounds, those containing at least one hydroxyl group in e molecule, or namely, alco-
hols, are not especially limited as long as they are water soluble. Examples of the alcchols include:

monohydroxy alcohols such as glycolic acid and methoxypolyathylens glycol;

polyhydroxy alcohols, such as ethylene glycol, propylans glycol, giycerin, polyglycerin, pentasrythritol, sorbitol,
diothylona glycol. triethylene glycol, tetrasthylene giycol, dipropylene glycol, tripropylene glycol, 1,3-butanediol,
1.4-bulanodiol, 1,5-pentanediol, 2,4-ponianediol, 1,6-hexanediol, 2,5-hexanediol, trimethylolpropans, dieth-
anolamine, tristhanolamine, polyethylene glycol, polyvinyl alcchol, a block copolymer of oxyethylene-oxypropyl-
ens, a random copolymer of oxyethylene-oxypropylene, water-soluble polysaccharides represented by water-sol-
uble starch, glucose, fructoss, and saccharose;

aminoalcohols, such as monoethanolamine; etc.

Of all these examples, polyhydroxy alcchols and aminoalcohols are prefarred, and particutarly, polyhydroxy alcohols
are praferrad. Using al leasl one alcohol selected from a group consisting of polyhydroxy alcohols and aminoalcohols
makes it possible to improve urine resislance of the absorbent products using the resulting absorbing agent composi-
tion, such as paper diapers.

Among the polyhydroxy alcohols, those having at least three hydroxy groups, such as glycerin, sorbitel, and sac-
charose, may be medified by etherilying or esterifying a part of hydroxyl groups of thesa polyhydroxy alcohols, provided
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that cne molecular contains a plurality of hydroxyl groups and thase polyhydroxy alcohole remain water soluble after
the moditication. Examples of such modifiod potyhydroxy aleohols includa: glycerol monctatty acid ester, polyoxyeth-
ylena latly acid estar, saccharose fatly acid ester, alc.

These polyhydroxy alcohols or aminoalcohols may be preparad belora they ara mixed with the absorbent resin,
or the precursors of these alcohols, namaly, ethyleneoxide, alkylenecarbanate or the like, may be converted to tha
polyhydroxy alcohols or aminoalcohls after they are mixed with the absorbent resin. When the absorbent resin is made
into agglomeratad particles or a sheet, the polyhydroxy alcohols may be used as a plasticizer or binder. The polyhydroxy
alcohais exhibit the resulting absorbing agent composition soma functions, such as piasticity and adhesive properties
to a substrate made of hydrophilic fibers (which will be explainad balow) or the like. Moreover, basides baeing able to
ensure high salely, the polyhydroxy alcohols can improve tho mixing properlies of the abscrbing agent composition
and hydrophilic fibers or the like in the absorbant material without causing coloring.

O1 all the above organic compounds. those containing at ieast one carboxyl group in one molecute, namely, car-
boxylic acid, is not especially limited as long as they are water soluble. Prefarred carboxylic acids ara carboxylic acid
and a sall thereof, and examples of which include:

anisale, bezonats, formate, valerate, glyoxylate, glycolate, glycerol phosphate, glutarate acid, chloroacetate,
chloropropionate, cinnamate, succinate, acelate, tartrate, lactate, pyruvate, fumarate, propionate, 3-hydroxypropion-
ale, maleats, malonate, butyrate, iso-bulyrate, imidinocacetate, malale, cilraconate, adipate, itaconate, crotonals. sal-
icylate, gluconale, galiele, sorbate, p-oxybezonate, ete. Of all these salts of carboxylic acid, salts of polycarboxylic
acid are preferred, and saits of dicarboxylic acid are mora praferrad, among which maleate and malonate aie particularly
preferred.

Of all thesae organic compounds, the exarmples of water-scluble compaounds containing at least ane amide group
in one molecule include urea When the absorbant rasin is mada into agglomerated particles or a sheet. tha uraa may
be used as a binder.

The inorganic compound is not especially limited as fong as it is water soluble. Exarmplos of tho inorganic compound
include: ammonia, phosphate, diphosphate, tripolyphoephate, sutiate, hydrochloric acid, carbonate, hydrogen carbon-
ate, alkali metal hydroxide, sodium carbonate, sodium hydrogencarbonate, sodium hydroxide, potassium hydroxida,
etc. O1 all these examples, ammonia, phosphate, carbonate. hydrogen carbonate, and alkali metal hydroxide are pre-
lerred, and carbonate and hydrogen carbonale are particularly prelerred. Using carbonate or hydrogon carbonate
makaes it possible toimprove urine resistanca of the absorbent product using the resulting absorbing agent composition,
such as paper diaper.

An amount of use of the non-volalile water-soluble compound varies depending on the use of the resulting ab-
sorbing agsnt composition; however, a prafarred range is batwasn 1 percent by weight and 50 percent by waight, more
preferably between 2 percant by weight and 45 percent by weight, and most preferably between 5 parcent by weight
and 40 percent by waight based on the weight of the absorbent resin. Using the non-volatile water-soluble compound
within the above ranges makes il possible 1o improve urine resistance of the absorbent product using tha resulting
nbsaorbing agent composition, such as paper diaper, while reducing an amount ol wet back of an aqueous liquid. Using
less than 1 weight percent non-volatile water-soluble compound may make il impossible to improve the urine resistance
and 1o reduce an amount of wat back of the aqueous liquid. Whereas using more than 50 weight percent non-volatile
water-soluble compound reduces the liquid permeability or liquid diflusion, thereby making it impossible to obtain an
absorbing agenl composeition exhibiing dasired absarbing properies.

One member or a mixture of two or more members selected from thess non-volatile watar-soluble compounds can
bo used effectively. Tha non-volatito water-soluble compounds ara qither organic or inorganic compounds, or a mixture
thoreol. The most prelerable non-volatile waler-solubla compound is palyhydroxy alcohols.

When the absorbent resin and non-votatile water-soluble compound are mixed, water andfor any of the alcremnen-
tioned hydrophilic organic solvents may be used oplionally as a solvent. An amount of use of tha sclvent varies de-
panding on the kinds and particle diameter of the absorbent rasin; howaver, a preferrad range with respect 1o 100 paris
by weight of the absorbent resin is up 1o 20 parls by weighl, and more prelerably beiween 0.1 part by weight and 10
parls by weight. Whan the absoibent resin and non-volatile watar-aolubie compound are mixed using tha solvent, the
resulting absorbing agent composition may be dried optionally by heating or the like. A preferable heating 1emperature
is in a range between 40°C and 300°C, and more preferably belween 50°C and 200°C.

The absorbent resin and non-volatile water-soluble compound are mixad by any of the aforementionsed rnixing
devices b. The mixing spaed can be sither high or elow. When using a sclid non-volatile water-soluble compound, it
is preferable to use the aforementioned solvents. .

The reason why the absorbing agenl composilion conlaining the non-volatile water-soluble compound of the
present invention exhibite good urine resistance is not clsar. However, compounds, such as a decomposing enzyme,
that play a rcle of a catalyst in urine-induced deterioration, are assumed to be made less active because the surface
of the absorbent resin is crosslinked more uniformly and the crosslinking density is increased and tha specitic non-
volatile water-soluble compound is added.
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Tha reason why the absorbing agent composition containing the non-volatile water-soluble compound of tha
present invenlion can reduce an amount of wat back of an aqueous liquid even when the liquid parmeability is increased
is not clear gither. Howavar, the non-volatile water-solubla compound is presumed to suppress the wet back of a liquid
axisting in interstitial spaces among the hydrophilic fibers and among swelled gel (swelled absorbent resin).

Besides the abova effect, when the non-volatile watar-salublle compound is added o an absorbent rosin having
diffusing absorboncy under pressure of 25g/g or higher with respect 1o 0.9 weight percent sodium chiloride solution
under a load of 20g/cm? after 60 minutes since the absorplion etarled, not only the urine resistance of the absorbent
product using the resulting absorbing agent composition, such as paper diapers, can be increased, but also an amount
of wat back of the agueous liquid can be reduced.

Thoa absorbing agent composition obtained by any of the above methods has diflusing absorbency index under
pressure of 1.5g/g-min or higher with respect 10 a 0.9 weight percent sodium chloride solution under a load ol 20g/
¢m?2. thereby exhibiting excellent absorbing properties explained above.

Tho absorbent material of the present invention includes at least ona of the aforementioned absorbing agent com-
positions in an amount of 40 percent by waight or higher, more preferably 50 percent by weight or higher, further
preferably 60 parcent by weight or higher, and most preferably 70 parcent by weight or higher.

An absorbent matarial containing an absorbing agent composiiion having a difusing absorbency index under pres-
sure of 1.5g/g-min or higher can readily absorb an aquaous liquid supplied in bulk, theraby making incroasing an overall
absorbing capacily of 1he absorbent material. In contrast, an absorbent material containing an absorbing agent com-
posilion having difusing absorbency index under pressure baelow 1.5g/g-min can not readily absorb an aqueous liquid
supplied in bulk. In other words. the absorbant matarial containing such an absorbing agent compasition has a fow
diffusing absorbency index under pressure, and therefcra exhibits poor liquid diffusion. For this reason, the above
ahsorbent material can neither readily absorb an aquaous liquid supplied in bulk nor difiuse the same inside. As a
result, it takes quite a long tims lor the absorbent material to absorb the supplied aqueous liquid, thereby reducing an
overall absorbing capacity of the absorbont material. Further, an absorbent product using the above absorbent materiai
may cause inconveniences, such as loakage, when an aqueous liquid is supplied in bulk for the roason specified above.
Such inconveniencas bacoma apparant when the aquaous liquid is repetitively supplied in bulk lo the same spot of
the absorbant product.

The absorbent malerial of the present invention may optionally contain hydrophilic fibers besides tho absorbing
ageni composition. An absorban! material made of the absorbing agent composition and hydiophilic fibers is arranged
1o have the {ollowing structures in which; :

the absorbing agent composition and hydrophilic fibers are mixed homogeneously;

the absorbing agent composition is sandwiched by layers of the hydrophilic fibers;

the absorbing agent composition and hydrophilic fibers are mixed homogeneously and made into a layer, and after
which a layer of the hydrophilic fibers is formed thereon;

afier the absorbing agent compesition and hydrophilic fibers are mixed homogeneously and made into a layer to
sandwich the absorbing agent composition with another layer of the hydrophilic fibers; etc.

Funther, the absorbent material may be the absorbing agent composition made inlo a shect with a pradetermined
amounl of water. These structures lurther improva tha absarbing propaertias of the resulting absorbent material.

Among of all these structures, the prefarrad is the structure in which the absorbing agent composition and hy-
drophific fibers are mixedt homogeneously in such a mannar that the absorbent materiai include the absorbing agent
compaosition in an amount {ratio) of 40 percent by waight or mora. The more preferred is the structure in which the
#bsorbing agent composition and hydrophilic fibers are mixad homogeneously in such a manner that the absorbant
material include at least 50 weighl percent, more preferably at least 60 weight parcent, and most preterably at least
70 weight percent, absorbing agent composition basad on tha combinod weight of tho absorbing agent composition
and hydrophilic fibers. In the present invention, the higher the resin concentration the absorbent malerial has, the more
significant the absorption properties appear. Nole that the structure of the absorbant malterial is not limited to the above
examples.

Examples of the hydrophilic fibers include, but are not limitad 1o

callulosa fibers obtained out of woods, such as mechanical pulp, chemical pulp, semi-chemical pulp, and dissolving
pulp:
artificiat cellulose fibors, such as rayon and acetate; eic.

Ol allthese fibers, cellulose fibers are praferable. The hydrophilic fibers may include synthetic fibers, such as polyamide,

polyaster, and polyotefin.
When the absorbent malerial contains tha hydrophilic fibers in a relatively small ratio, the absorbent material,
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namely, the hydraphilic tibers. may be adhered to each other using an adhesive binder. By so doing, the resulting
absorbent material exhibiis better strangth and anti-deformation proparties before or during the use.

Examplas of the adhasive binder include: polyclefin fibers of thermal-fused fibers, such as polyethylene, polypro-
pylene. a copolymer of ethylene-propylens, and a copalymer of 1-butane-ethylene; adhesive emulsion; etc. One mem-
bar or a mixture of two or more members selected from those bindars can be used. A preferable weight ratio of the
hydrophilic fivers/adhesive binder(s) is in a nge between 50/50 and 99/1, more prefarably between 70/30 and 85/5,
and most praterably 80420 and 95/5.

The absorbant material thus obtainad exhibits excellent absorbing properties as mantionad above.

The absorbent matarial of the present invention, when used in sanitary goods, such as paper diapers, sanitary
napkins, and incontinence pads, can exhibit excellenl properiies (absorbing properties), such as high liquid diffugion
and absorbency under pressure and a constant absorbing capacity over a long period, even when an amount of the
absorbent resin is increased or the resin concentration is high.

The absorbent product of the present invantion comprisas a liquid permeable sheet and a liquid impormeable
shaet sandwiching an absorbent layer containing the above absorbant material. The structure and producing mathod
of the absorbent layer are not espacially limited. The method of producing the absorbant product is not especially
limited, either.

The liquid permeable sheet is made of a material capable of tranemil an aqueocus liquid. Examples of such a
material include: non-woven fabric, woven fabric: a porous synthetic resin film made of polyethylene, polypropylene,
polyesier, polyamide: etc. On the other hand, the liquid impermeable sheet is made of a material incapable of trans-
mitting an aqueous liquid. Examples of such a material include: a synthetic resin film made of polyethylene, polypro-
pylene, ethylenc vinylacetale, polyvinyl chioride; a film made of the above synthelic resins and non-woven fabric: a
fitm made of the above synthetic resins and woven fabric; etc. Note that the liquid impsrmeable sheet may transmit
steam.

The above-structured absorbont product exhibits the oxcellent absorbing properiies explained above. The absorb-
ont preduct includes, but is not limitad to, sanilary goods, such as paper diapors, sanitary napkins, and incontinence
pads. Since the absorbent product of the present invention exhibits excellent absorbing properties, the same can
prevent the leakage of urine while securing a foeling of dryness, when used as a paper diaper.

The abova absorbing agent composilion, absorbent matenal, and absorbent product may optionally include deo-
doranl, anti-bacterial agent, perfumes, loaming agent, pigment, dye, hydrophilic short fiber, fertilizer, oxidizing agent,
reducing agent, water, ot¢. to provide additional functions.

The present invention will be described in detail by way of examples and comparative examples. However, the
prasent invention is not limited to the disclosura helow. The properties {physical properties} of the absorbing agent
composition, abeorbent material, and absorbent product are measured in the following manner.

{a) Absorbency

Here. 0.2g of the absorbing agent composition is uniformly placed into a bag (60mmXE0mm) mada of non-woven
fabric, and allowed to remain immarsed in a 0.9 weight percent sodium chioride solution (physiclogical saline solution)
at room temperature for 60 minutes. Then, the bag is taken out, and subject lo hydro-extraction for 3 minutos at 250G
using a cenlrifugal separator, and the weight W, (g) of the bag is measured. Furiher, the same processes are carried
out with an empty bag, and the weight Wy, (g) of the empty bag is measured. The absorbancy {g/g) is calculaled using
the weights W, and Wy on the basis of tho lollowing equation:

= {Weight W, (g) - Weight W, (g))
Waight of Absorbing Agent

Absorbency (g/g) Composition(g).

Whan the absorbing agent composition includes additivas other than the absorbent resin (for exampie, non-volatile
water-soluble compound, water-insolubla inorganic powders, polyamine compound, etc.) in the combined amount of
5 percent by weight or more , the absorbency (g/g) is calculated on the basis of the following equation:

(Woight W, (g) - Weight W, (g))
Woeight of Absorbent Resin (g)

Absorbancy (g/g) =

whaera "Waight of Absorbent Resin® is a weight of the absorbent resin contained in 0.2g of the absorbing agent com-
position.
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(b) Diftusing Absorbency under Pressure

To begin with. a device measuring 1ha diffusing absorbency under pressure of the absorbing ageni composition
will be briefly explained below with reference to Figures 1 and 2.

As shown in Figure 1, the measuring device includes a balance 1, a container 2 of a predetermined capacity placed
on the balance 1, an air-intake pipe 3, a conduit 4, a glass filter 6, and a measuring section 5 placed on the glass lilter
6. The container 2 has an opsening 2a on the top and an opening 2b on the side, and the air-intake pipe 3 is inserted
through the opening 2a while the conduit 4 is fixed to the opening 2b. Further, a predetermined amount of physiological
saline solution 12 is poured in the container 2. Tho lower end portion of the air-intake pipe 3 is dipped into the physi-
ological saline solution 12. The glass filler 6 has a diameter of 70mm. The container 2 and the glass filter 6 communicate
with sach other through the conduit 4. The glass filter & is fixed in such a manner that the upper suriace ol the sama
is positioned slightly above the lower end of the air-intake pipe 3.

As shown in Figure 2, the measuring section 5 is provided with a paper filler 7, a sheet 8, a supporling cylinder 9,
a metal gauze 10 affixed to the botiom of the supporling cylinder 9, and a waight 11. In the measuring section 5, the
paper filler 7, shael B, and supporting cylinder 9 {that is, the metal gauze 10} are sequsnlially placed on the glass filtar
6 in this order, and the weight 11 is placed on the metal gauze 10 inside the supporting cylinder S. The sheel & is a
0.1mm-thick toroidal made of polyethylene lerephthalate (PET) having an 18-mm-dia cpening at the center. The sup-
porling cylinder 9 has an innar diameter of 60mm. The melal gauze 10 is made of stainiess steel to have a 400-mesh
(the size of sach maesh; 38um) according to the JIS standard. A predetermined amount of the absorbing agent com-
position is uniformly scattered on the metal gauze 10. The weight 11 is adjusled in such a manner lo apply a load of
20g/em? avenly lo the matal gauze 10, thal is, the absorbing agent composition.

The diffusing absorbency undar prassura of the absorbing agent composition is measured by using the above-
arranged measuring device in the manner described below.

To begin with. preparatory operations are carried out, that is predelermined amount of physiological satine solution
12 is pourad into the container 2, and the air-intake pipe 3 is inserted into the conlainer 2. Than, the paper filler 7 is
placed onlo the glass filter 6, and the sheet 8 is placed atop of the paper filter 7 in such a manner that its opening is
superimposed on the centar of the glass filter &. At the same time, 1.5g of the absorbing agent composition is uniformly
scattered on the metal gauze 10 inside the supporling cylinder 9, and the weight 11 is placed on the absorbing agent
composition.

Subsequently, tha melal gauze 10, that ig, the supporting cylinder 9 having the absorbing agent composition and
the weight 11 inside, is placed on the shest 8 in such A manner that ihe centar of tha supporting cylinder 9 1s super-
imposod on the center of the glass filter 6.

Then, the weight Wa(g) of the physiclogical saline solution 12, which has boeen absorbed by the absorbing agent
composition for 60 minutes since the supporting cylinder 9 was placed on the sheet 8, is measured by the balance 1.
As shown in Figuros 2 and 3, alter passing through the opening of the sheet B, the physiological saline solution 12 is
absorbed by the absorbing agent composition while being diffused almost uniformly in the lateral direction (indicated
by &n arrow). . '

The diftusing absorbency under pressure (g/g) of the absorbing agent composition after 60 minutes since tha
absorption started is calculated on the basis of the following equation:

Weight W, (g)
Weight of Absorbing Agent Composition (q) .

Diffusing Absorbency under Prassure (g/g) =

When the absorbing agent compesition includes additivas other than the absorbent resin (for example, non-volatile
water-soluble compound, water-insoluble inorganic powders, polyamine compound, elc.} in the combined amount of
5 percent by weight or more, 1he diffusing absorbency undar prassure (g/g) is calculated on the basis wilh the following
equation:

Waeight W, (g)

Difusing Absorbency under Pressure (g/g) = Weight o Absorbent Fosin (g)

where *"Waeighl of Absorbont Resin" is a weight of the absorbent resin contained in 1.5g of the absorbing agent com-
position.
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(c) Ditfusing Absorbency Index under Pressure

The dilfusing absorbency index under pressure is measurad using the same device used for measuring the diffusing
absarbency under pressure. To be mora specific, the waight of the physiological saline solution 12 absorbed by the
absarbing agent composition after 60 minutes since the supporting cylinder 9 was placed on the sheet 8 is measurad
in tima serios using tho balance 1. That is 1o say, the weight of the absorbad physiclogical saline solution 12is measured
par minute, preferably per second, using the balance 1. Than, lhe maximum absorbing capacity per unit time is calcu-
latad using the result of the above measurement, and defined as the diffusing absorbency index under pressure (g/
g-min).

(d) Urine Resistance and Water-Soluble Content

To begin with, sampling urine of the same amount is collacted from 10 males in & healthy condition. Then, 2g of
the absorbing agent composition is placed in a lidded glass botlle of 100m¢ and the sampling urine is poured to let the
absorbing agent composition swell by 25 limes. Subsequsntly, the glass bottle containing the swelled gel is lel stand
for 16 hours at 37°C in atmoesphare of ralative humidity of 90%.

Then, the Auidity of the swelled gel is observed visually and evalualed in four stages: "no fluidily®, "no substantial
hiuidity*, “stight flluidity”, and “fair Nuidity".

Further, the water-soluble content in the swelied gel is measured in the following manner. Soms of the swelled gel
having solid contarit (solid contenl of tha absarbant resin) of 0.5g is takan out, and dispersod in an ion exchange water
of 1€ and the resulting dispersion liquid is subject to stitring far 1 hour to let the gel fully swell. The dispersion liquid is
fitered through a paper tilter, and the filtrate is subjact lo titration in a pradetarmined manner. An amount of a compound
digsolved in the fillmie produced as a rasult of detearioration by urine, namely, waler-soluble polyacryleta and/or poly-
acrylic aced, is calculated based on the titre or the like, and delined as the water-soluble conient (parcent by waight).
It is underatood harein Lhat the more the water-soluble cantent, the mare the absorbing agent composition has been
deteriorated by urine.

{c) Amaunt of Wet Back

Five pieces of 80-mm-dia filters {Advantech Toyo Kebushiki Kaisha, Model No. 2) are layered. Then, the supporting
cylinder 9 conlaining the absorbing agent composition swelled by the physiological saline solution, together with the
weight 11, is removed from the measuring device used in moasuring the diffusing absorbency under pressure, and tho
same are placed on the 5-lold lillers. A weight is added 1o apply a load of 100g/cm? io the absorbing agen! composition
uniformly. Then, an amount of physiological saline solution oozed to the 5-fold filter after 1 minute since the load of
100g/cm? was applied is measured, and defined as an amount (g) of wet back.

(1} Diffusing absorbency under Pressure of Absorbent Matarial

To begin with, a device for measuring the diffusing absorbency of the absorbent material will be described with
ralerance to Figures 4 and 5. Hereinatter, lika componants are labeled with like reference numerals with raspect to the
counterpart used in measuring the diflusing absorbancy undsr pressuie of the absorbing agent composition, and tha
description of these compeonants is not rapeated for tha axplanation's convenience.

As shown in Figure 4, the measuring device includes a balance 1, a container 2, an air4ntake pipe 3. a conduit 4,
& 120-mm-dia glass filler 6, and a measuring section 15 ptacad on the glass filler 6. As shown in Figuie 5. the measuring
seclion 15 is provided with a paper filter 7. a sheet 8, a supporting rectangular lube 19, and a weight 11. Nota that the
measuring seclion 15 does nol includo tho motal gauze.

In the measuring seclion 15, the paper filter 7, tho shest 8, and the supporting rectangular tube 19 are sequentially
placed on the glass filter & in this order, and the weight 11 is placed inside the supporting rectanguiar tube 19. The
sheet 8 is a 0.Imm-thick ractangle made of polyethylane terephthalate (PET) having a 12.5mmx100mm opening at
Ihe center. The supporting rectangular tube 19 has an inner dimension of 100mmx 100mm, so that an absorbent
maierial of a predstermined sizo is placed inside. The rest is identical with the structure of the counlerpart used to
measure the diffusing absorbency under prassure of the absorbing agent compaoaition.

The diffusing absorbency under pressure of the absorbent material is maasurad using tha above-structured meas-
uring device in the manner described below. To begin with, 50 parts by weight of the absorbing agent composition and
50 parte by weight of comminuted wood pulp serving as the hydrophilic libers are mixed using a mixer through dry
blending. The resulting mixture is madse into a 100mmXx 100mm web, and the web is pressed under a load of 2kglicm?
for 1 minute. As a resuil, an abserbent material having a basis weight of approximately 0.047g/cm? is obtained.

Prior lo the measuring. the measuring devica is preparad in a prodetermined manner. Then, the hiter 7 is placed
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on the giass filter €, and the sheet 8 is placed an tha filtar 7 in such a manner that the opaning of the same is aupar-
imposed on the contar of the glass fiker 6. Then, ihe supporting rectangular tube 19 is placed on the sheet 8 in such
a mannar that the cenler of ihe same is superimposed on the canter of the glass filler 6.

Subsaquently, the absorbent material is placed on the sheet 8 inside the supporting rectangular ube 19, upon
which the weight 11 is placed. The abserbent material and waight 11 are placed swiftly.

Then, a woight W, (g) of the physiological saline solution 12 absorbed in the absorbent material for B0 minules
sinca the absorbent material was placed on the sheet & is measured using the balance 1. Nole that, as shown in Figures
5 and 6, the physiological saline solution 12 having passed through the opening of the sheet 8 is absorbed by the
absorbent matarial while being ditfused almost uniformly in the lateral direction {indicated by an arrow).

Then, the ditusing abaorbancy under prossure (g/g) of the absorbent material after 60 minutes since the absorption
slarted is calculated using the weight W, on the basis with the following equation:

Weight W, (9)
Woight of Absorbent Material (g).

Diffusing Absorbency under Pressuro (g/g) of Absorbent Material =

(g) Absoibing Rate under Pressure of Absorbent Material (Core Acguisition)

The absorbent material subject to measuremant is produced in the loflowing manner. To begin with, B.Bg of the
absorhing agent compasition and 8.8g of comminuled wood pulp are mixed using a mixer through dry blending. Then,
the resulting mixture is made into a 260mmx 150mm wab, or the absorbent matarial.

On the other hand, synthetic urine is prepared by producing a water solution containing 1.9 weight parcent urea,
0.8 waight percant NaCl, 0.1 waight percent CaCl,., 0.1 weight percent MgSQ,,.

Then, a load of 18g/cm? is applied on the entire absorbent material unilormly, and a 30mm-dia cylinder of 120mm
high is prassad against tho absorbent material around tha canter to place 1he cylinder perpendicular to the absorbent
material. Then, 50g of the synthetic urine kept at 25°C is poured into tha cylinder quickly {at cne time). Then, the lime

since the synthetic urine is poured until the same is absorbad into the absarbent material completely is measured as .

the lirst absorbing rate under pressure (eec.) The same process is repeated twice using the same absorbenl matcerial
with 50-minuta inlerval to measure the second and third absorbing rates under pressure (sec). It is underatood herein
that the larger the absorbency under pressure, the better the liquid diffusion of the absorbent material.

(h) Properties of Absorbant Product (Using Kewpia Doll)

The absorbent product subject to measurament is producad in the following manner. To begin with, 50 parts by
weight of the absorbing agent composition and 50 panis by weight of comminuled woed pulp are mixed using a mixer
through dry blending. Then, the resulting mixlure is mada into a 120mmx400mm web on a wire screen of 400-mesh
{the size of each mesh; 38um) by a batch-lype pnsumatic molding device by pneumatic molding. Further, the web is
pressed for 5 seconds under a load of 2kg/em?, and as a result, an absorbent material having a basis weight of ap-
proximately 0.047g/cm? is obtained.

Subsequently, & back sheet {liquid impameable sheel) having a leg gather made of imparmeable palypropylena,
the above absorbent material, a top sheat {liquid parmaeable shaet) mada of permeable polypropylene ara laminated
ta aach ather in this ordar using a both-sided tape. Then, two tape fasteners are attached to the resulting lamination
to ablain an absorbent producl (i.0., paper diaper).

The abgva absorbent product is put on a Kewpie Doll® {55c¢m 1all and 5kg in waight), and laid with its face down-
ward. Then, a lube is inserted between the absorbent product and doll in such a manner that a physiological saline
solulion will be supplied around the same spot where a baby would discharge urine. Hore, 50m¢. of the physiological
saline solution is ropatitivoly supplied avory 20 minutes until tha absorbant product can no longer absorb the physio-
logical saline solution and the excessive physiological saline solution staris to laak, and an amount of the physiological
saline solution supplied up to this point is measured.

The above test is repeated four times and an average amount is calculated, which is defined as an absorbing
capacity (g). It is understood herein that the larger the absorbaed capacily, the betler the properties of the absorbent
product.

(Example 1)
A reactant solution is prepared by dissolving 3.59g of trimethylolpropane Iriacrylate serving as an intemal crosslink-

ing agent into 5,500g of & waler solution of 39 weight percant sodium acrylic acid (hydrophilic unsaturated monomor)
noulralized by 75 percent by mole. Then, the reaclanl solution is subjecl to deaeralion lor 30 minutes in nilrogen gas
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atmosphere. Then, the reactant solution is poured into a reactor, which is a stainless lidded two-arm type kneader of
10¢. with two sigma blades and a jacket. Then, the roactant system is displacod by introducing nitrogen gas while
keaping the reactant solution at 30°C.

Next, 2 4g of ammonium persuffate and 0.12g of L-ascorbic acid serving as a polymerization initiator are added
to the reactani solution with stirring. Then, the polymarization slarts 1 minute later. The polymearization is proceeded
at 30°C-80°C until 60 minutes have passed since the polymerization slarted, and the resutting hydrous gel of polymaer
is taken out.

The hydrous gel of polymer is finely divided and each particle has a diameter of approximately Srmm. The finely
divided hydrous ge! of polymer is spread across the 50-mesh metal gauze and subject 10 hot air drying for B0 minutes
at 150°C. Then. the driod gel is pulverized by a vibrating mill, and sieved to a particular diameler size using a 20-mesh
metal gauze. As a resull, an absorbent resin precursor of an undefined shape having an average particle diameter of
400pm and containing 5 weight percent particles having a diameter smaller than 106pm is obtained.

Then. a surlace crosslinking agent solution, made of 0.5 part by weight of elhylene glycol {SP value: o=14.6{cal/
cm3)12) serving as the first surface crosslinking agant, 0.1 part by weight of glycerol polyglycidy! ether (SP value:
o=10.8(callem?)'2) serving as the secend surlace crosslinking agent, 3 parts by waight of water, and 1 part by weight
of ethyl alcohol, is mixed with 100 parts by weight of the above absorbent resin precursor. The resulting mixture is
subject 1o heat treatment for 40 minutes at 195°C to obtain an absorbent resin. The average particle diameler of the
resulting absorbant resin is 400um and it contains 3 weight paercent particles having a diameter smaller than 106um.

Finally, tha absorbing agent composition of the present invention is obtained by adding 0.5g of microscopic powders
of hydrophilic silicon dioxide (Aerosil 200 of the Nippon Aerosil Co., Ltd.) serving as watar-insoluble inorganic powders
1o 100g of the above absorbent resin and mixing the same.

The properties ol the absorbing agent composition and the absorbent material and absorbent product using the
absorbing agent composition are measured in the manner explained above. Then. the absorbing agent composition
has absorbency of 30g/g, diffusing absorbency under pressure of 26,9g/g, and ditfusing absorbency index under pres-
sure of 2.87g/g-min. The absorbent material has dilfusing absorbency under preesure of 18.8g/g and the first through
third absorbing rate under pressure of 34 sec., 69 sec., and 77 sec., respectively. The absorbent product has an
absorbing capacity of 275g. Thase valuas indicate that each element exhibits excellent properties. The rasuit of the
measurcment is set forlh in TABLE 1 bolow.

{Exampls 2)

Herein, 5g of a water sclution of 30 weight percent polyethyleneimine having a weight average molecular weight
of 70,000 (Epomine P-1000 of Nippon Shokubai Co., Lid.) serving as the polyamine compound is added to 100g of
the absorbent resin obtained in Example 1 and mixed. The resutting mixture is placed in a hot air dryer kept at 90°C
lor 20 minutes to be sel. The resulting set matarial is siaved to a paricular diameter size using a mesh metal gauze
{the size of each mesh: 84Cum), and 0.3g ol microscopic powders of hydrophilic silicon dioxide (Carplex 225 of Shionogi
& Co,, Lid.) serving as waler-ineoluble inorganic powders is added to the set material having passed through the metal
gauze and mixed. As a rasult, the absorbing agent composition of the present invention is obtained.

The praperties of the absorbing agent composition, and the absorbent material and absorbent product using tho
absorbing agent compaosilion are measured in the manner explained above, and the resull of which is set forlh in TABLE
1 below.

(Example 3)

A reactant solution Is prepared by digsolving 2.35g of N,N'-methylenebisacrylamide serving as the intemal
crosslinking agent into 5,500g of 20 weight percent acrylic acid water solution. Then, the reactant solution is subjact
lo deaeration for 30 minutes in nitrogen gas atmasphera. Then, the roactant solution is poured into a reaclor identical
with the one used in Example 1, and the reactant system is displaced by introducing nitrogen gas whila keeping the
reactant solution at 30°C.

Next, 1.59 of ammonium parsulfate and 0.07g of L-ascorbic acid are addad to the reactant solution with stirring,
Then, the polymerization staris about 1 minute later. The polymarization ig proceeded at 30°C-B0°C and 606.7g of
sodium carbonate serving as a neutralizer is added with stirring after 50 minutes since the polymarization started, and
after which the polymerization is stopped and the resulting hydrous gel of polymer is taken oui.

The hydrous gel of polymer is neutralized 75 percent by mole and finsly divided so that each particlo has a diametsr
of approximately Smm. Tho finely divided hydrous gel ol polymer is spread across the 50-mesh metal gauze and subject
to hot air drying for 90 minules at 150°G. Then, lhe dried gel is pulverized by a vibrating mill, and sieved to a padicular
diameter size using a 20-meah metal gauze. As a result, an absorbent resin precursor of an undefined shape having
an avarage particle diamoier of 330pm and containing 4 weight perceni pariiclas having a diameter smaller than 106pm
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is obtained.

Then, a surlaca crosslinking agent solution, mada of 0.75 part by weight of propylene glycol (SP value: 0=12.6
{callem?)'?) serving as the lirst surface croaslinking agent, 0.05 part by weight of propylene glycol diglycidyl ather (SP
value. a=10.1{callem3)12) serving as the second surface crosslinking agent, 3 parts by waight of watel. and 0.75 part
by waight of othylalcohol, is mixed with 100 parts by weight of the above absorbent resin precursor. The resulling
mixture is heated for 40 minutes at 195°C 1o oblain an absorbant rasin. The average paricle diametor of the resulting
absoibent resin is 390um and it contains 3 waight parcent particles having a diameter smaller than 106um.

Finally, the absorbing agent composition of the present invention is obtained by adding 0.3g of microscopic powders
of hydrophilic silicon dioxide (Leorosil QS-20 of Tokuyama Kabushiki Kaisha formerly known as Tokuyamasoda Ka-
bushiki Kaisha) sarving as the water-insoluble inorganic powders to 100g of the above absorbent resin and mixing the
sama.

The properties of the absorbing agent compesition, and the absorbent material and absorbent product using the
absorbing agent composition are measured in the manner axplained above, and the resutt of which is set forth in TABLE
1 boiow.

(ExAample 4)

Herein, 5g of a waler solulion of 30 waight percent polyethylaneimine having a weighl averaga molacular weighl
of 70,000 (Epomine P-1000 of Nippon Shokubai Co., Ltd.) is added 1o 100g of the absorbent resin obtained in Example
1 and mixed. Then, the resulting mixture is piacad in a hot air dryar kept at 80°C lor 20 minules to ba sel. Tha rasuiting
set matorial is sieved to a particular diameter size using a metal gauze (the size of each mesh: B40um), and thosa
having passad through the metal gauze are obtainad as the absorbing agent composition of the present invention.

The propertias of the absorbing agent composition, and the absorbent material and absorbent product using the
absorbing agen! composition are measured in the manner explained above, and the resuli of which is get forth in TABLE
1 balow,

{Example 5)

A reactant solulion is prepared by dissolving 18.49¢ of polyethylane glycol diacrylate (whose polysethylene glycol
porlion is made of an adduct of ethylenecxide of 6 moles in average) serving as tha intarnal crosslinking agent into
5.500g9 of a water solution of 30 weight percent sodium acrylic acid neutralized 65 parcent by mole. The resulting
reactant solution is subjoct to deaeration for 30 minutes in nitrogen gas atmosphere. Then, the reaclant solution is
poured inlo & reaclor identical with the one used in Example 1, and tha reactant system is displaced by introducing
nitrogen gas while keeping the reactant sclution at 30°C.

Next, 2.3g of ammonium persulfale and 0.12g of L-ascorbic acid are added 1o tha reactant solution with stirring.
Then. the polymerization staris about 1 minule later. The polymarization is proceeded at 30*C-50°C until 60 minutes
have passed since the polymerization etarted, and the resulting hydrous gel of polymer is taken oul.

The hydrous gel of polymer is tinely divided and each parlicle has a diameter of approximately 5mm. The finsly
divided hydrous gel of polymer is spread across the 50-mesh metal gauze and subject 1o hot air drying for 50 minutes
at 150°C. Then, the dried gel is pulverized by a vibrating mill, and sieved lo a particular diameter size using a 20-mash
matal gauze. As a rasull, an absorbent resin precursor of an undefined shape having an avarage particle diamater of
360um and containing 5 weight percent particles having a diameter smaller than 106m is obtained.

Then, a surtace crosslinking agent solution, made of 0.5 part by weight of glycerin (SP value: 6=16.5{cal/cm?)'2)
sorving as thae first surface crosslinking agent, 0.05 part by waight of ethylene glycol diglycidyl sther (SP value: 6=10.2
(callernd)'2?) serving as the second surfaca crosslinking agent, 3 parts by waight of water, and 1 part by weight of
ethylalcohoal, is mixed with 100 parts by weight of the above absorbent resin precursor. The resulting mixture is subject
to heat treatment for 30 minutes al 195°C lo obtain an absorbent resin. The average particle diameter of tho rosulting
absorbent resin is 360um and it containa 5 weight percent particles having a diameter smaller than 106um.

Finally, a surface crosslinking agent solution made of 0.5 part by weight of glycerin sarving as the firsl crosslinking
agent, 0.05 part by weight of athylene glycol diglycidyl ether serving as the second surface crosslinking agent, 3 parls
by weight of water, and 1 par by weight of ethyi alcohol is mixed with 100 paris by weight of the abovo absorbent resin.
The resuiting mixture is subject to haat treaiment for 30 minules at 195°C. As a result, an absorbent resin having
undergone the surface crosslinking twice is obtained.

The resulling absorbent resin is used as the absorbing agent composition of the present invention and the prop-
orties of tho same. and the absorbent matorial and absorbent product using the absorbing agent composilion are
maasured in the manner explained above, and the result of which is set forth in TABLE 1 below.
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(Example 6}

Herein, 100mg (5 parcant by weight based on the weightl of the absorbant resin) of glycarin serving as the non-
volatile water- soluble compound and 10mg (0.5 percent by weight based on the weight of the absorbent resin} of
microscopic powdars of hydrophilic silicon dioxide (Aerosil 200 of the Nippon Aerosil Co, Ltd.) are added 1o 2g of the
absorbent rasin obtainad in Example 3 and mixed. As aresult, the absorbing agent composition of the present invention
is oblained.

The propertias of the absorbing agent composition, and the absorbant material and absorbent product using the
absorbing agent composition are measuréed in tha manner explainad above, and the result of which is set forth in TABLE
1 bolow. Note that the absorbency and diffusing absorbency under pressure of the absorbing agenl composition are
calculated based on the weight of the absorbent regin comtained in the absorbing agent composition.

Also, the urine resistance of the absorbing agent composition is evaluated as "no fluidity®, and the water-soluble
coniont and an amount of wot back of the samo are 20.1 percent by weight and 2.3g, respoctively

(Comparative Example 1)

The absorbenl resin oblained in Example 1 is used as a comparative absorbing agent compesition herein. The
properlies of the comparalive absorbing agent composition, and the comparative absorbent malerial and absorbent
product using the comparalive absorbing agent composition are measured in the manner explained above, and the
result of which is set forth in TABLE 1 below.

(Comparative Exampie 2)

The absorbent resin oblained in Example 3 is used as a comparalive absorbing agent composition harein. Tho
properties of the comparative absorbing agenl composition. and the comparative absorbent material and absorbant
product using the comparative absorbing agent composition are maasured in the manner explained above. and the
result of which is set forth in TABLE 1 below.

Also, the urine resistance of the comparative absorbing agent composition is evaluated as "slight fluidity®, and the
water-soluble content and an amount of wet back of the eame are 24.5 percant by waeight and 2.8g, respectivety.

(Comparative Example 3)

A reaclant solution is prepared by dissolving 7.18g of trimethyioipropans triacrylate into 5,500g of a water solution
of 39 weight percent sodium acrylic acid neutratized 75 parcent by mole. The resulting reactant solution is subject to
deasration for 30 minutes in nitrogen gas atmosphere. Thon, the reactant solution is pourad into a reactor identical
with the one used in Example 1, and the reaciant systaem is displaced by introducing nitrogen gas while keeping the
raactant solution al 30°C.

Next, 5.0g of sodium persulfate and 0.25g of L-ascorbic acid are added to the reactant solution with stirring. Then,
the polymerization starls about 1 minute [ater. The polymerizalion is proceeded at 30°C-80°C until 60 minutos have
passad since the polymarization started, and the resulting hydrous gel of polymer is taken out.

The hydrous gel of polymer is finely divided and each particle has a diamster of approximately 5mm. The finely
divided hydrous gel of polymer is spread across the 50-mesh maetal gauze and subjact to hot air drying for 90 minutes
at 150°C. Then, the dried gel is pulverized by a vibrating mili, and sievod to a particutar diameter size using a 20-mesh
meial gauze. As a result, an absorbent resin of an undefined shape having an average parlicte diameter of 360um and
containing 5 weight parcent particlas having a diameter smaller than 106pm is obtainad.

The rosulling absorbant resin is usod as a comparative absorbing agent composition herein. The properties of the
comparalive absorbing agent composition, and the comparative absorbent matarial and absorbent product using the
comparative absorbing agent composition are measurad in the manner explained above, and the result of which is set
forth in TABLE 1 balow.

(Comparalive Example 4)

A reactant solution is prepared by dissalving 3.59g of trimethylolpropane triacrylate into 5,500g of & water solution
of 38 weighl parcent sodium acrylic acid neutralized 75 percent by mole. The rasulting reactant solution is subjact to
deaeration for 30 minutes in nittogen gas atmosphere. Then, the reactant solution is poured into a reacior identical
with the one used in Example 1, and the reactant system is displaced by introducing nitrogen gas while keeping the
reactant solution at 30°C.

Noxt, 2.4g of ammonium persulfate and 0.12g of L-ascorbic acid are added to the reactant solution with stirring.
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Then, the polymerization slarts about 1 minuta later. The polymarization is proceaded at 30°C;20*C until 60 minutes
hava passad sinco the polymerization started, and the rasuiting hydrous gel of polymer is taken out.

The hydrous gel of polymer is finely divided and aach particle has a diameter of approximately Smm. Tha (inaly
divided hydrous gel of polymer is spread across the 50-mesh matal gauze and subject to hot air drying for 90 minutas
at 150°C. Then, tha driad gel is pulverized by a vibrating mill, and sieved to a particular diametor size using a 20-mash
melal gauze. As a resull, an absorbant resin precursor of an undsfined shape having an average parliclo diameter of
400um and conlaining 5 weight percent particles having a diameter smaller than 106um is obtained.

Then, a surface crosslinking agent solution, made of 0.5 part by weight of ethylena glycol, 3 paris by weight of
waler, and 1 part by weight of ethyl alcohol, is mixed with 100 parts by weight of the above absorbent resin precursor.
The rosulling mixiure is subject to heal treatment for 20 minutes at 195°C 1o oblain an absorbeni resin. The average
particle diameter ol the rasulting absorbant resin is 400um and it conlains 3 weight parcent particles having a diameter
smaller than 106um.

The resulting absorbent resin is used as a comparative absorbing agent composition haraein. The properties of the
comparalive absorbing agenl composition, and the comparalive absorbant material and abserbent product using the
comparalive absorbing agent composition are measurad in the manner explained above, and the result of which is set
forth in TABLE 1 below.

(Comparative Example 5)

Harein, G.3g of microscopic powdera ol hydrophilic silicon dioxide (Aerosil 200 of Nippon Aerosif Co., Lid.) are
added 1o 100g of tha absorbent resin obtainad in Comparativa Examgle 3 and mixed to oblain a comparalive absorbing
agent composition.

The propertias of the comparative absorbing agent composition, and the comparative absorbent material and
absorbont product using the comparative absorbing agant compasition are measured in the manner cxplaincd above,
and tha resull of which is sat forth in TABLE 1 bolow.

(Comparative Example &)

Herein 0.5g ol microscopic powders of hydrophilic silicon dioxide (Leorosil QS-20 of Tokuyamasoda Kabushiki
Kaisha) are added to 100g of the absorbent resin obtained in Comparativa Exampla 4 and mixed to obtain a comparative
absorbing agenl composition.

The properties of the compamative absorbing agent composition, and the comparative absorbent material and
absorbent product using the comparative absorbing agent compaosition are measured in the manner explained above,
and the result of which is set forth in TABLE 1 below.
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ABSORBING AGENT Composition ABSORBENT MATERIAL PRODUCT

EXANFLE/

CONPARATIVE DIFFUS NG ABSORBING RATE UNDER PRESSURE

EXAMPLE DIFFUSING | ABSORDENCY [DIFPFUSING (Bec. }

ABSURBENCY | INDEX ABSORBENCY
UNDER UNDER UNDER ABSORBING
ABSORBENCY | PRESSURE PRESSURE PRESSURE 1sT nNp 3Rp CAPACITY
(9/9} (g/g) (g/g -min) (g9/9) (q)

1 30 26.9 2.87 19,9 kY1 69 77 275
2 29 27.0 3,33 18.9 s 52 62 300
3 a7 27.0 1.67 19.9 35 72 a5 275
4 23 27.6 1.93 19.1 k1 70 83 275
5 29 4.4 4.00 18.4 14 48 60 300
[ 36 28.2 2.83 168.8 35 66 78 275
1 30 30.1 1.20 19.7 39 102 153 250
2 38 33.9 0.90 20.6 38 114 158 250
J N 11.7 0.20 15.1 k1] 133 173 225
1 n 14.7 0.87 15.9 37 98 150 225
5 3t 13.4 0.20 15.5 39 12¢ 162 225
[ 31 22.0 1.27 17.7 39 103 114 250
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TABLE 1 reveals that tha absorbing agent composilions of the present invention excel those of the comparative

examples in diffusing absorbency index under pressure. Also, the absorbent materials of the present invention excel
those of the comparative examples in absorbing raie under pressure and liquid diffusion. Further, the absorbeni prod-
ucts of the prasent invention excal those of the comparative examplas in absorbing capacity Thus, the absorbing agent
compasition, absorbent matarial, and absorbent product of the present invention can readily absorb an aqueous liquid
supplied in bulk, while exhibiting excellant properties (absorbing properties), such as capabilities of maintaining high
liquid dillusion and a constent absorbing capacily per unil weight.

Claims

1.

10.

An absorbing agent composition having a diffusing absorbency index undsr preasure of 1.5g/g-min or higher with
respact to a 0.9 weight parcent sodium chloride solution under a load of 20g/cm?2.

An absorbing agent composition according to claim 1, having a diffusing absorbency index under pressure of 3.0g/
g-min or higher.

An absorbing agent composition according to claim 1 or claim 2, having & diffusing absorbency under pressure of
25g/g or higher with respact to a 0.9 weight percant sodium chioride solution under a load of 20giem? aiter 60
minutes since the onset of absorption.

An absorbing agent composition according to any one of claims 1 to 3, comprising a

a surtace-crosslinked absorbent resin or
a mixture of an absorbent resin and a water-insoluble inorganic powder and/or a polyamine compound having
a weight average molecular weight of 5,000 or more.

An absorbing agent composition according to claim 4, wherein the absorbent resin is an absorbent crosslinked
polymer containing carboxyl groups.

An absorbing agent composition according to claim 4, wherein the absorbent rasin is

a partially neutralized crosslinked polymer of acrylic acid;

a partially nautralized crosslinked graft polymer of starch-acrylonitrile;
a copolymer of isobutylene-maleic acid;

a saponified copolymer of vinyl acetate-acrylic acid; or

a hydrolyzed polymer of acrylonilrile.

An absorbing agent composition according to any one of claims 4 1o 6, which also contains a non-volatile water-
soluble compound.

An absorbent malerial containing an absorbing agent composition according to any ona of claims 1 to 7 and hy-
drophilic fibers.

An absorbent material according to claim 8, containing at least 40 percent by weight of the absorbing agent com-
position.

An absorbent product comprising an absorbant layer containing an absorbent material according to claim 8 or
claim 9, sandwiched between

a liquid permeable sheet and
a liquid impermeable sheat.
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The embodiments of the invention in which an exclusive property or
privilege is claimed are defined as follows:

1. A method for enhancing the blood absorbence properties of a
superabsorbent material having a hydrogen bond functionality comprising the steps:

selecting an enhancing agent from the group consisting of polymeric
enhancing agents and combinations thereof nonreactive with each other, the enhancing
agents comprising enhancing agent molecules, the enhancing agent molecules having at
least one functional group capable of forming a hydrogen bond with the
superabsorbent material; and

exposing the superabsorbent material to sufficient amounts of the
enhancing agent in liquid or solution form to enhance the blood absorbence properties
of the superabsorbent material,

2. The method of Claim 1, wherein the enhancing agent is at least
partially bonded to in the superabsorbent material.

3. The method of Claim 1, wherein the enhancing agent is present
in an amount ranging from about 0.01 to about 10 percent of the weight of the
superabsorbent material.

4, The method of Claim 1, wherein the enhancing agent is present
in an amount ranging from about 0.01 to about 3 percent of the weight of the
superabsorbent material.

5. The method of Claim 1, wherein the polymeric enhancing agent
is polyglycol.

6. The method of Claim 5, wherein the polymeric enhancing agent
is polyethylene glycol.

7. The method of Claim 1, wherein the enhancing agent is present
in an amount ranging from zbout 0.01 to about 1 percent of the weight of the
superabsorbent material.

8. The method of Claim 1, wherein the free swell blood absorbent
capacity for the enhanced superabsorbent material is at least about 1.15 times the free
swell blood absorbent capacity for untreated superabsorbent material.
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9. The method of Claim 1, wherein the after load blood absorbent
capacity for the enhanced superabsorbent material is at least about 1.15 times the after
load blood absorbent capacity for untreated superabsorbent material.

10.  The method of Claim 1, wherein the free swell blood absorbent
capacity for the enhanced superabsorbent material is at least 1.5 times the free swell
blood absorbent capacity for untreated superabsorbent material.

11.  The method of Claim 1, wherein the after load blood absorbent
capacity for the enhanced superabsorbent material is at least about 1.5 times the after
load blood absorbent capacity for untreated superabsorbent materjal.

12, The method of Claim 1, wherein the superabsorbent material is
selected from the group consisting of fibers, particies and combinations thereof.

13. 'The method of Claim 1, further comprising the step of
combining the superabsorbent material with a fibrous material.

14, The method of Claim 13, wherein the step of exposing the
superabsorbent material to the enhancing agent comprises the step of exposing the
superabsorbent material to the enhancing agent as the superabsorbent materials are
being combined with the fibrous material. ‘

15. The method of Claim 13, wherein the step of exposing the
superabsorbent materials to the enhancing agent comprises providing the enhancing
agent on the superabsorbent material in the absence of the fibrous material, then
combining the enhanced superabsorbent material with the fibrous material.

16.  The method of Claim 13, further comprising the steps of:

providing the fibrous material in the form of individualized cellulose
fibers that have hydrogen bonding functional sites, wherein the individualized fibers are
cured in the presence of a crosslinking material to produce high bulk fibers with
intrafiber covalent crosslinks, and the fibers are fiberized to reduce interfiber bonding
between the cured fibers; and

wherein the step of combining the enhanced superabsorbent material
with the fibrous material comprises the step of adding the enhanced superabsorbent
material to the fibers before, during or after the fibers are cured.
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17.  The method of Claim 16, wherein the curing step comprises
" using any crosslinking material and curing the crosslinking material before combining
the enhanced superabsorbent material and the cured fibrous material.

18.  The method of Claim 1, wherein the polymeric enhancing agent
is selected from the group consisting of a polycarboxylic acid, a polycarboxylate, a
poly(lactone) polyol, a polyamide, a polyamine, a polysulfonic acid, a polysulfonate,
and combinations thereof.

19. A method for enhancing the blood absorbence properties of
superabsorbent material having a hydrogen bond forming functionality comprising the
steps: _

selecting an enhancing agent from the group consisting of non-
polymeric organic enhancing agents and combinations thereof nonreactive with each
other, the enhancing agents comprising enhancing agent molecules, the enhancing
agent molecules having at least one functional group capable of forming a hydrogen
bond with the superabsorbent material; and

exposing the superabsorbent material to sufficient amounts of the
enhancing agent in liquid or solution form to enhance the blood absorbence properties
of the superabsorbent material.

20.  The method of Claim 19, wherein the enhancing agent is at least
partially bonded to the superabsorbent material.

21.  The method of Claim 19, wherein the nonpolymeric organic
enhancing agent has a volatility less than water.

22.  The method of Claim 19, wherein the non-polymeric organic
enhancing agent is present in an amount ranging from about 0.01 to about 10 percent
of the weight of the superabsorbent material,

23.  The method of Claim 19, wherein the non-polymeric organic
enhancing agent is present in an amount ranging from about 0.01 1o about 3 percent of
the weight of the superabsorbent material.

24.  The method of Claim 19, wherein the non-polymeric organic
enhancing agent is present in an amount ranging from about 0.01 to about 1 percent of
the weight of the superabsorbent material.
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25,  The method of Claim 19, wherein the free swell blood absorbent
capacity for the enhanced superabsorbent material is at least about 1.2 times the free
swell blood absorbent capacity for untreated superabsorbent material:

26.  The method of Claim 19, wherein the after load blood absorbent
capacity for the enhanced superabsorbent material is at least about 1.2 times the after
load blood absorbeni capacity for untreated superabsorbent material.

27.  The method of Claim 19, wherein the free swell blood absorbent
capacity for the enhanced superabsorbent material is at least about double the free
swell blood absorbent capacity for untreated superabsorbent material.

28. . The method of Claim 19, wherein the after load blood absorbent
capacity for the enhanced superabsorbent material is at least about double the after
load blood absorbent capacity for untreated superabsorbent material.

29.  The method of Claim 19, wherein the nonpolymeric organic
enhancing agent has functional groups selected from the group consisting of a
carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a sulfonate, a sulfonamide, a
hydroxyl, a phosphoric acid, a phosphoramide, a phosphate, an amide, an amine, and
combinations thereof.

30.  The method of Claim 29, wherein the non-polymeric organic
enhancing agent is selected from the group consisting of glycerin, a glycerin
monoester, a glycerin diester, ascorbic acid, urea, glycine, ammonium citrate, taurine,
dipropylene glycol, aminosalicylic acid, sorbitol, lactic acid, and combinations thereof.

31.  The method of Claim 30, wherein the non-polymeric organic
enhancing agent is selected from the group consisting of glycerin, glycerin monoester,
a glycerin diester, and combinations thereof.

32.  The method of Claim 31, wherein the non-polymeric organic
enhancing agent is present in an amount ranging from about 0.05 to about 0.1 percent
of the weight of the superabsorbent material,

33.  The method of Claim 19, wherein the superabsorbent material is
selected from the group consisting of fibers, particles, and combinations thereof.



ok

WO 95/19191 PCT/USIS/00443 q

66
34, The method of Claim 19, further comprising the step of
combining the superabsorbent material with a fibrous material.

35. The method of Claim 34, wherein the step of exposing the
superabsorbent particles to the non-polymeric organic enhancing agent comprises the
step of exposing the superabsorbent material to the enhancing agent as the
superabsorbent material is combined with the fibrous material.

36. The method of Claim 34, wherein the step of exposing the
superabsorbent materials to the non-polymeric organic enhancing agent comprises
providing the enhancing agent on the superabsorbent material in the absence of the
fibrous material, then combining the enhanced superabsorbent material with the fibrous
material.

37.  The method of Claim 34, further comprising the steps of:

providing the fibrous material in the form of individualized cellulose
fibers that have hydrogen bonding functional sites, wherein the individualized fibers are
cured in the presence of a crosslinking material to produce high bulk fibers with
intrafiber covalent crosslinks, and the fibers are fiberized to reduce interfiber bonding
between the cured fibers; and

wherein the step of combining the enhanced superabsorbent material
with the fibrous material comprises the step of adding the enhanced superabsorbent
material to the fibers before, during or after the fibers are cured.

38.  The method of Claim 37, wherein the curing step comprises
using any crosslinking material and curing the crosslinking material before combining
the enhanced superabsorbent material and the cured cellulose fibers.

39. A modified superabsorbent material for absorbing blood
comprising:

a superabsorbent material; and

an enhancing agent for increasing the blood absorbence properties of
the superabsorbent material, the enhancing agent selected from the group consisting of
polymeric enhancing agents and combinations thereof nonreactive with each other, the
enhancing agents comprising enhancing agent molecules, the enhancing agent
molecules having at least one functional group capable of forming a hydrogen bond
with the superabsorbent material, the enhancing agent being at least partially borded to
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the superabsorbent material in an amount effective to enhance the blood absorbence
properties of the superabsorbent material.

40.  The modified superabsorbent material of Claim 39, wherein the
polymeric enhancing agent is present in an amount ranging between about 0.01 to
about 3.0% of the weight of the superabsorbent material.

4].  The modified superabsorbent material of Claim 40, wherein the
polymeric enhancing agent is polyglycol.

42,  The modified superabsorbent material of Claim 41, wherein the
polymeric enhancing agent is polyethylene glycol.

43.  The modified superabsorbent material of Claim 39, wherein the
polymeric enhancing agent is present in an amount ranging between about 0.01 to
about 1.0 percent of the weight of the superabsorbent material.

44, The modified superabsorbent material of Claim 39, wherein the
free swell blood absorbent capacity for the enhanced superabsorbent material is at least
about 1.15 times the free swell blood absorbent capacity for untreated superabsorbent
material.

45.  The modified superabsorbent material of Claim 39, wherein the
after load blood absorbent capacity for the enhanced superabsorbent material is at least
about 1.15 times the after load blood absorbent capacity for untreated superabsorbent
material.

46.  The modified superabsorbent material of Claim 39, wherein the
free swell blood absorbent capacity for the enhanced superabsorbent material is at least
about 1.5 times the free swell blood absorbent capacity for untreated superabsorbent
material.

47.  The modified superabsorbent material of Claim 39, wherein the
after load biood absorbent capacity for the enhanced superabsorbent material is at least
about 1.5 times the after load biood absorbent capacity for untreated superabsorbent
material.

48.  The modified superabsorbent material of Claim 39, wherein the
" polymeric enhancing agent is selected from the group consisting of a polycarboxylic
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acid, a polycarboxylate, a poly(lactone) polyol, a polyamide, a polyamine, a
polysulfonic acid, a polysulfonate, and combinations thereof.

49.  The modified superabsorbent material of Claim 39, wherein the
superabsorbent material is selected from the group consisting of fibers, particles, and
combinations thereof.

50. The modified superabsorbent material of Claim 39, further
comprising a fibrous material including individualized cellulose fibers that have
hydrogen bonding functional sites, wherein the individualized fibers are cured in the
presence of a crosslinking material to produce high bulk fibers with intrafiber covalent
crosslinks.

51. A modified superabsorbent material for absorbing blood
comprising;

a superabsorbent material, and

an enhancing agent for increasing the blood absorbence properties of
the superabsorbent material, the enhancing agent selected from the group consisting of
non-polymeric organic enhancing agents and combinations thereof nonreactive with
each other, the enhancing agents comprising enhancing agent molecules, the enhancing
agent molecules having at least one functional group capable of forming a hydrogen
bond with the superabsorbent material, the enhancing agent being at least partially
bonded to the superabsorbent material in an amount effective to enhance the blood
absorbence properties of the superabsorbent material.

52,  The modified superabsorbent material of Claim 5}, wherein the
non-polymeric organic enhancing agent is present in an amount ranging between about
0.01 to about 3.0 percent of the weight of the superabsorbent material.

53.  The modified superabsorbent material of Claim 51, wherein the
non-polymeric organic enhancing agent is present in an amount ranging between about
0.01 to about 1.0 percent of the weight of the superabsorbent material.

54.  The modified superabsorbent material of Claim 51, wherein the
free swell blood absorbent capacity for the enhanced superabsorbent material is at least
1.2 times the free swell blood absorbent capacity for untreated superabsorbent
material.
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55.  The modified superabsorbent material of Claim 51, wherein the
after load blood absorbent capacity for the enhanced superabsorbent material is at least
1.2 times the after load blood absorbent capacity for untreated superabsorbent
material.

56.  The modified superabsorbent material of Claim 51, wherein the
free swell blood absorbent capacity for the enhanced superabsorbent material is at least
double the free swell blood absorbent capacity for untreated superabsorbent material.

57.  The modified superabsorbent material of Claim 51, wherein the
after load blood absorbent capacity for the enhanced superabsorbent material is at least
double the after load blood absorbent capacity for untreated superabsorbent material.

58.  The modified superabsorbent material of Claim 51, wherein the
nonpolymeric organic enhancing agent has functional groups selected from the group
consisting of a carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a sulfonamide, a
sulfonate, a hydroxyl, a phosphoric acid, a phosphoramide, a phosphate, an amide, an
amine, and combinations thereof.

59.  The modified superabsorbent material of Claim 51, wherein the
non-polymeric organic enhancing agent is selected from the group consisting of
glycerin, a glycerin monoester, a glycerin diester, urea, ascorbic acid, glycine,
dipropylene glycol, ammonium citrate, taurine, aminosalicylic acid, sorbitol, lactic acid,
and combinations thereof.

60.  The modified superabsorbent material of Claim 51, wherein the
superabsorbent material is selected from the group consisting of fibers, particles, and
combinations thereof.

61.  The modified superabsorbent material of Claim 51, wherein the
nonpolymeric organic enhancing agent is selected from the group consisting of
glycerin, glycerin monoester, a glycerin diester, and combinations thereof

62.  The modified superabsorbent material of Claim 61, wherein the
non-polymeric organic enhancing agent is present in an amount ranging from about
0.01 to about 0.1 percent of the weight of the superabsorbent material.

63. The modified superabsorbent material of Claim 51, further
comprising a fibrous material including individualized cellulose fibers that have
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hydrogen bonding functional sites, wherein the individual fibers are cured in the
presence of a crosslinking material to produce high bulk fibers with intrafiber covalent
crosslinks.

64. A method for enhancing the blood absorbence properties of a
superabsorbent material having hydrogen bond forming functionality comprising the
steps:

providing a fibrous matenal,

selecting an enhancing agent from the group consisting of polymeric
enhancing agents, non-polymeric organic enhancing agents, and combinations thereof
nonreactive with each other, the enhancing agent comprising enhancing molecules, the
enhancing molecules having at least one functional group capable of forming a
hydrogen bond with the superabsorbent material; and

exposing the fibrous material to an amount of enhancing agent in liquid
or solution form sufficient to enhance the blood absorbence properties of the
superabsorbent material;

combining the exposed fibrous material with the superabsorbent
material, so that the blood absorbence properties of the superabsorbent materials are
enhanced.

65.  The method of Claim 64, wherein the nonpolymeric organic
enhancing agent has a volatility less than water.

66. The method of Claim 64, wherein the non-polymeric organic
enhancing agent has functional groups that are selected form the group consisting of a
carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a sulfonamide, a sulfonate, a
hydroxyl, a phosphoric acid, a phosphoramide, a phosphate, an amide, an amine, and
combinations thereof.

67.  The method of Claim 64, wherein the non-polymeric organic
enhancing agent is selected from the group consisting of glycerin, a glycerin
monoester, a glycerin diester, ascorbic acid, urea, glycine, ammonium citrate, taurine,
dipropylene glycol, aminosalicylic acid, sorbitol, lactic acid, and combinations thereof.

68.  The method of Claim 64, wherein the non-polymeric organic
enhancing agent is selected form the group consisting of glycerin, a glycerin
monoester, a giycerin diester, and combinations thereof.
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69.  The method of Ciaim 64, wherein the superabsorbent material is
selected from the group consisting of fibers, particles, and combinations thereof.

70.  The method of Claim 64, wherein the enhancing agent is present
in an amount ranging from about 2 to about 30 percent of the weight of the fibrous
material and enhancing agent, and the superabsorbent material is present in an amount
ranging from about 0.05 to about 80 percent of the weight of the fibrous material and
the superabsorbent material,

71.  The method of Claim 70, wherein the enhancing agent is present
in an amount ranging from about 2 to about 15 weight percent of the weight of the
fibrous material and the enhancing agent.

72.  The method of Claim 64, wherein the after load blood absorbent
capacity of the combined exposed fibrous material and superabsorbent material is at
least about 1.3 times the after load blood absorbent capacity for unexposed fibrous
material and the superabsorbent material.

73.  The method of Claim 64, wherein the step of exposing the
fibrous material to the enhancing agent comprises providing the enhancing agent on
the fibrous material in the absence of the superabsorbent material, then combining the
exposed fibrous material with the superabsorbent material.

74. The method of Ciaim 64, wherein the polymeric enhancing
agent is selected from the group consisting of 2 polycarboxylic acid, a polycarboxylate,
a poly(lactone) polyol, a polyamide, a polyamine, a polysulfonic acid, a polysulfonate,
and combinations thereof.

75.  The method of Claim 64, wherein the polymeric enhancing
agent is a polyglycol.

76.  The method of Claim 75, wherein the polymeric enhancing
agent is polyethylene glycol,

77. A method for enhancing the blood absorbence properties of a
superabsorbent material having hydrogen bond forming functionality comprising the
steps:

providing a fibrous material in the form of individualized cellulose fibers
that have hydrogen bondjng functional sites, wherein the individualized fibers are cured
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in the presence of a crosslinking material to .produce high bulk fibers with intrafiber
covalent crosslinks while leaving hydrogen bonding functional sites available on the
cured fibers for hydrogen bonding, and the fibers are fiberized to reduce interfiber
bonding between curing fibers, wherein in the curing step further comprises:

(a) using any crosslinking material and curing the crosslinking
material before applying the enhancing agent;

(b)  curing the crosslinking material in the presence of the enhancing
agent, wherein the enhancing agent is not a crosslinking material; or

(c) curing the crosslinking material in the presence of the enhancing
agent, wherein the enhancing agent is also a crosslinking material, and the fibers
contain sufficient water when the curing step begins to retard curing so that adequate
enhancing agent functional groups will remain to enhance the blood absorbence
properties of the superabsorbent material;

adding the superabsorbent material to the fibers before, during, or after
the fibers are cured, and : :

applying the enhancing agent to the fibers before, during, or after the
fibers are cured or fiberized.

78. A blood absorbent composition of fibrous material and
superabsorbent material comprising:

fibrous material;

a superabsorbent material; and

an enhancing agent selected from the group consisting of polymeric
enhancing agents, non-polymeric organic enhancing agents; and combinations thereof
nonreactive with each other, applied to the fibrous material in an amount effective to
enhance the blood absorbence properties of the superabsorbent material when
combined with the enhanced fibrous material, the enhancing agents comprising
enhancing agent molecules, the enhancing agent molecules having at least one
functional group capable of forming at least one hydrogen bond with the
superabsorbent material.

79.  The blood absorbent composition of Claim 78, wherein the
nonpotymeric organic enhancing agent has a volatility less than water.

80.  The blood absorbent composition of Claim 78, wherein the non-
polymeric organic enhancing agent has functional groups that are selected from the
group consisting of a carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a
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suifonamide, a sulfonate, a hydroxyl, a phosphoric acid, a phosphoramide, a
phosphate, an amide, an amine, and combinations thereof’

81.  The blood absorbent composition of Claim 78, wherein the non-
polymeric organic enhancing agent is selected from the group consisting of glycerin, a
glycerin monoester, a glycerin diester, ascorbic acid, urea, glycine, ammonium citrate,
taurine, tartaric acid, dipropylene glycol, aminosalicylic acid, sorbitol, lactic acid, and
combinations thereof,

82.  The blood absorbent composition of Claim 78, wherein the
nonpolymeric organic enhancing agent is selected from the group consisting of
glycerin, a glycerin monoester, a glycerin diester, and combinations thereof.

83.  The blood absorbent composition of Claim 78, wherein the
polymeric enhancing agent is selected from the group consisting. of a polyglycol, a
polycarboxylic acid, a polycarboxylate, a poly(lactone) polyol, a polyamide, a
polyamine, a polysulfonic acid, a polysulfonate, and combinations thereof.

84. The blood absorbent composition of Claim 83, wherein the
polymeric enhancing agent is polyethylene glycol.

85. The blood absorbent composition of Claim 78, wherein the
fibrous material comprises individualized, high bulk fibers having intrafiber covalent
bonds wherein the fibers have hydrogen bonding functionalities and the superabsorbent
materia) is selected from the group consisting of particles, fibers, and combinations
thereof.

86.  An superabsorbent article produced by the method of Claim 12,
13, 16, 19, 33, 34, 37, 64, 69, or 77.

87. An superabsorbent article comprised of the modified
superabsorbent material of Claim 39, 42, 49, 50, 59, or 60.

88.  An article comprised of the blood absorbent composition of
Claim 78, 82, 84, or 85.
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Description

Field of the Invention

{0001] This invention concerns the use of polymeric and non-polymeric organic densifying agents for fibers in a
method for producing flbers that can be densified. The fibers treated with such agents may be easily densifled by
external application of prassura. The densifying agents may be applied to flbers on a wet-laid fiber sheet manufacturing
line, and subsequently fiberized for processing using air lay equipment. In particular embodiments, the invantion con-
cerns a mass of fibers treated with the densifying agents which may be then be used, for example, to make ebsorbent
fibers that are densified and incorporated into absorbent products and articles.

Background of the Invention

[0002] Denslfication of fibers used in products designed to absorb fluids, for example body fluids is known and is
used to overcome problems of low cohesive strength, poor shape and stability, low capillarity, low fluid retention and
low absorption capacity under conditions' of use.

[0003] US-A-4 188 165 discloses the formation of a densified bonded layer in an air laid panel of wood pulp fiber
containing particulate hydocolloid material. The densified bonded layer is formed by subjecting both sldes of the panel
to a predetermined pressure at a predetermined temperature difierential.

[o0D4] Although ways to achieve a densilied region of fibers ar@ known there remains the need to improve the actual
densification properties of tha fibers.

Summary of Invention

[0005] The forgoing and other problems have baen evercome by providing fibers with hydrogen bonding funciional
sites and densifying agents that have volatility less than water. The densifying agents, when applied to the fibers,
improve the densification properties of the fibers such that fibers carrying densilying agent can be densified lo a given
density utilizing less pressure and lower temparatures compared to the pressures and temperatures needed to densify
untreated fibers to a similar density. The densifying agents that are useful in accordance with the present Inventlon
include malerials described as binders below.

Accordingly, the claimed invention provides a method for producing fibers, which can be densified as set out in claim 1.
[0006] The claimed invention further provides a mass of fibers, which ¢can be denslfied In accordance with claim 13,
and absorbent articles made using the fibers.

[0007} The claimed invention is further illustraled by section XWil of the speciflcation; although the remaining sections
are not or only Lo a cenain extent illustrative of the invention they serve to clarify it, inler alia by deecribing aspecis
relating to binders that may function as densifying agents.

Brief description of the Drawings

{0008]

FIG. 1 is a schematic illustration of a wet laid sheet manufacturing line in accordance with the present invention.
FIG. 2 is schematic depiction of the components of an apparatus of the present invention thal produces high bulk
fibers.

FIG. 3 is a top plan view of a structure into which {ibers of the present invention are incorporated, the fibers being
in the form ol an illusirated absorbent pad.

FIG. 4 represents a partial sectional view of the pad of FIG. 3

FIG. § illustrates a plan of a bandage incorporating fibers of the present invention.

FIG. 6 is a sectionat view of the bandage of FIG 5, 1aken along the line 7-7 of FIG. 5.

FIG. 7 is a plan view of a disposabla diaper including a core of fibers of the present invention,

FIG. 8 is a vertical sectional view along Hine 9-9 of the diaper of FIG. 7.

DETAILED DESCRIPTION OF THE SEVERAL PREFERRED EMBODIMENTS OF THE INVENTICN

|. Processing of Fibers

[0009] FIG. 1 illustrates a wet laid sheet manufacturing line such as a pulp sheet manufacturing fine 10. In this
manufacturing line, a pulp slurry 12 is delivered from a headbox 14 through a slice 16 and onto a Fourdrinier wire 18.

91
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The pulp slurry 12 typically includes cellulose fibers such as wood pulp fibers and may alse include synthetic or other
non-cellutose fibers as part of the slurry. Water is drawn from the pulp deposited on wire 18 by a conventional vacuum
system. not shown, leaving a deposited pulp sheet 20 which is carried through a dewatering station 22, illustrated in
this case as two sets of calendar rolls 24. 26 each defining a respective nip through which the pulp sheet or mat 20
passes. From the dewatering station, the pulp sheet 20 enlars a drying seclion 30 of the pulp manufacturing line. In a
conventional pulp sheet manufacturing line, drying section 30 may include muitiple canister dryers with the pulp mat
20 following A serpentine path around therrespective canister dryers and emerging as a dried shest or mat 32 from
the outlet of the drying section 30. Other alternate drying mechanisms, alone or in additlon to canister dryers, may be
included in the drying stage 30. The dried pulp sheet 32 has a maximum moisture content pursuant to the manufacturer's
specifications. Typically, the maximum moisture content is no more than 10% by welght of the fibers and most preferably
no more than about 6% to B% by weight. Otherwise, the fibers tend 10 be too damp. Unless overly damp libers are
immediately used, these fibers are subject to degradation by, for example, mold or the like. The dried sheet 32 is taken
up con a roll 40 for traneportation to a remote location, that is, one separate from the pulp sheet manufacturing line,
such as at a user's plant for use in manufacturing products. Alternatively, the dried sheet 32 is collected in & baling
apparatus 42 from which bales of the pulp 44 are obtained for transport te a remote location.

f0010] A binder of the type explained in detail below is applied to the pulp sheel [rom one or more binder applying
devices, one of which Is indicated at 50 in FIG. 1. Any binder applylng device may be used. such as sprayers, roll
coalers. immersion applicators or the like. Spraycrs are typically easler to utlize and incorporate into a pulp sheet
manufacturing line. As indicated by the arrows 52. 54 and 56. the binder may be applied at varicus locations or at
multiple locations on the pulp sheel manufacturing line, such as ahead of the drying stage 30 (indicaled by line 52),
Intermediate the drylng stage 30 (as Indicated by line 54}, or downstream from the drying stage 30 (as indicated by
the line 56). Water-based binders, such as non-polymeric urea, are typically applied at a locatlon where sufficient drying
can stilf take place in the drying stage to produce a dried binder containing fiber sheet with no more than the maximumn
desired moisture contenl. Consequently, to take advantaga of the drying stage 30, water-based binders are typically
applied at locations 52 or 54. At locatlon 52, the watar remalning in the shaet or mat 20 at this stage tends to interfere
with the penetration of the blnder into the sheet. Consequently, application of the binder after some drying has taken
place, for example at location 54, is preferable. If water-based binders are applied at location 56 in an amount which
would cause the moisture content of the sheet to exceed the desired maximum level, an additional drying stage (not
shown) may be included in the pulp manufacturing llne to bring the moisture content down to the desired level.
[0011] A non-aqueous basod binder, such as glycerin, is most preferably added downstream from the drying stage
al location 56 or during the drying slage as indicated by location 54. However, liquid non-aqueous binders may also
be added at a location, such as location 52, upstream of the drying stage. Al this latter location, the water in the wet
wab at this point may tend to attract iheae binders Into the mat or sheet as the binders tend {o be hydroscopic. Since
non-aqueous binders typically do nol enhance lthe degradation of the product due to the addition of moisture to the
sheet, they can be applied downstream from the drying stage without bringing the moisture content of the sheet above
the desired maximum levet,

Il. Fiber Characteristics

[0012] The present invention includes a method of producing fibers that can be densified and the product, including
absorbent end-products, that are produced by such method. In particularly preferred embodiments, the product is a
cellulose or syntheiic fiber treated with a densifying agent (or binder that may function as a densifying agent). Suitable
fibers include wood pulp fibers, which can be obtained from well known chemical processes such as the Kraft and
suifite processes. The invention alse includes a combination of wood puip and certain binders. which for the purpose
of this combination are bulk fibers in roll form having a basis weight of at least 350 grams per square meter (g/m2) or
bale form. The bulk fibers can have a densily of at least aboul 400 kg/m3, Prefemed bulk fibers are wood pulp fibers
or softwood pulp fibers. The pulp fibers may ba chemical or thermomachanical or chemithermomechanical or combi-
natlons thereof. The preferred pulp fiber is chemical. In these processes, the best starting material is prepared from
long fiber coniferous wood specles, such as plne, douglas fir, spruce and hemlock. Wood pulp fibers can also be
obtained from mechanical processes, such as ground wood, mechanical, thermemechanical, chemimechanical and
chemithermomechanical pulp processes. The fibers are praterable afongated, for example having a length to width
ratio of about 10:1 to 5:1.

[0013] The fibers of the present invention also include fibers that are pretreated prior to the application of a binder
10 the fibers. This pretreatment may include physicat treaiment, such as subjecting tha fibers to steam or chemical
treatment. such as cross-linking the fibars. Although not to ba constructed as a limitation, examples of pretreating fibers
include the application of the fire retardants to the fibers. such as by spraying the fibers with fire retardant chemicals.
Specific lire-relardant chemicals include, by way of example, sodium boratae/boric acid, urea, urca/phosphates, oic. In
addition the fibers may be pretreated with surfactants or other liquids, auch as water or solvents, which modify the
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surface of the fibars. Other pretreatments include exposure to antimicrobials or pigments.

[0014] The libers also may be pretreated in a way which increases thair wettability. The fibers also may be pretreated
with conventional cross-linking materials and may be twisted or crimped, as desired. Pretreating cellulose fibers with
chemicals which result in lignin or cellulose rich fiber surfaces also may be performed in a conventional manner.
[0015] Bleaching processes, guch as chlorine or ozonelaxygen bleaching may aleo be used in prelrealing the fibers.
In addition, the fibers mry be pretreated. as by slurrying the fibers in baths containing various solutions. For example,
antimicrobial aolutiona (such as solutions of antimicrobial particles as set forth below), as well as solutions of fertilizers
and pesticides, and/or fragrances &nd flavors. for release over time during the life of the flbers. Flbers pretreated with
olher chemicals, such as thermoplastic and thermoset resins also may be used. Combinations of pretreatments also
maybe employed with the resulting pretreated fibers then being subjected to the application of the binder conting as
explained below.

[0016] Ground fibers, recycled or secondary wood pulp fibers, and bleached and unbleached wood-pulp fibers can
be used. Delails of the production of wood fibers are well known to those skilled in the art. These fibers are commercially
available from a number of companies including Weyerhaeuser Company. the assignee of the present inventlon.
[0017] The fibers also can be any of a variety of other natural or synthetle fibers; howaver, all of the fibers to which
particles are allached include a hydrogen-bonding functionaiity. This does not preclude the blending of such fibers with
tibers lacking this characteristic. However, the fibers lacking a hydrogen bonding functionality will not have panicles
bonded thereto with the strength and manner of the bonds that would be present if the fibers had a hydrogen-bonding
functionality.

{0018] A hydragen bond is an intermolecuiar force that occurs between hydrogen atomns thal are covalantly bonded
to small. strongly electronegative elements {such as nitrogen and oxygen) and nonbonding electron pairs on ather
such electronegative elements. A hydrogen bonding functionality is a functional group that contalns an oxygen or
nitrogen atem, for example hydroxyls, carboxyl's, sulfonic acids. sulfonamides, ethers. esters, epoxides, carbonyls,
amines, urethanes and others. that is capable of forming a hydrogen bond. The orbitals of the nonbonding electron
pairs on the oxygen or nitrogen averlap with the relatively empty 15 orbital of the hydrogen covalently bonded to anothar
nitrogen or oxygen atem. The 15 orbital of the hydrogen ia relatively empty due to the unaqual sharing of the olectrons
in the covalent bond between it and the small electronegative atom (oxygen or nitrogen) to which It is bound.

[06019] Specific examples of natural fibars that contain a hydmgen bonding functionality include chopped silk fibers ,
wood pulp fibers, bagasse, hemp, jute, rice, wheat, bamboo, corn, sisal, cotton, flax, kenaf, peat mass, and mixtures
thereof. Suitable synthelic fibers with hydrogen bonding functionalities include acrylic, polyoster, carboxylated polyole-
fins. rayon and nylon. The hydrogen-bonding functionality is an esler in acrylic fibers and a carboxylic acid in carbox-
ylated polyolefin fibers, an ester In polyester, an amide in nylon, and a hydroxyl In rayon. Polyethylene and polypro-
pylene woulid be unsuitable fibers for use in particle to fiber bonding because they include only carbone and hydrogens
without any olher aloms, such as oxygens or nitrogens, that can paricipate in hydrogen bonds.

[0020] For purposes of convenience. and not to ba constructed as a limilation, the following description proceeds
wilh reference to the treatment of individual chemical wood-pulp fibers. The fibers are indlvidualized, for axampla by
defiberization in @ harmmermiil. Such individualized tibers are conventionally formed into A mat. and are commercially
available, for example as NB 416 fibers from the Weyerhacuser Company. Another suilable cellulosic mat would include
Rayfloe JLD from ITT Raycnier. The cellulosa fibars may be in the lorm of a cellulosic web or loose cellulose libers.

lli Palymeric Binder Characteristics

[0021] The densilying agents may comprise polymeric binders, which maybe water soluble, selected from predeter-
mined group of polymeric binders. The polymaric binders comprise binder molecules, wherein the binder moleculas
have at least one hydrogen bonding functionality or coardinate covalent bond forming functionality. The polymeric
binder may comprise repeating unils, wherein each repealing unit of pelymer preferably, but not necessarily, includes
at least one hydrogen bonding functlonality or coordinate covalent bond forming functionality. In accordance with the
present invention, the prodetermined groups of polymeric binders include the group of binders consisting of polyglycols
{espedially poly(propylenoglycol)], a polycarboxyic acid, / polycarboxylale, a poly(lactone) polyol, such as dicls, A
polyamide. a polyamine, a polysulfonic acid, a pelysulfonale, and combinations thereol. Specific examples of some of
these binders, without limitation, are as follows: polyglycols may Include polypropylene glycol (PPG); poty(iactona)
diols include poly(caprolactone} diol; polycarboxylic acid include pelyacrylic acid (PPA); polyamides include polyacry-~
lamide or polypeprtides; polyamines include’ polyethylenimine and polyvinylpyridine; polysulfonic acids or polysul-
fonates include poly(sodium-4-styrenesulfonate) or poly(2-acrylamido-methyl-1-propanesulfonic acid; and copolymers
thereof {for example a polypropylene glycol/polysthylene glycol copolymer). The polymeric binder typically has repeat-
ing units. The repeating unit may be the backbone of a compound, such as with a polypeptide, wherein the repeating
polyamides occur in the peptide chain. The repeating unit also may refer to units other than backbones, for instance
repeating acrylic-acid units. |n such a case, the repeating units may be the same or different. The binder melecule has
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a functional group capable of forming a hydrogen bond or a coordinate covalent bond with particles. and a functional
group capable of forming a hydrogen bond with the fibers.

[0022] As used herein. a polymer is & macromalecule formed by chemical union of S or more identical or different
combining units {monomers). A polyamine.is a polyrer that contalns amine functional groups and a polyamide is a
polymer that contains amide functional groups. Each of the binders has a hydrogen bonding or a coordinate covalent
bonding functionality. The functionality may be a hydroxyl, a carboxyl, a carboxylate. a sulfonle acid, a sullonate, an
amide, an ethar, an amine or combinatlons thereof. These bindars ara capable of forming hydrogen bonds because
they have a functlonal group that contains an electronegative element, such as oxygen or a nitrogen.

[0023] The polyglycol has repeating ether units with hydroxyl groups at the lerminal enda of the molecule. The paly-
carboxylic acid, such as polyacrylle acid, has a repeating carboxyl group in which a hydrogen is beund to an electron-
egative oxygen. creating a dipole that leaves the hydrogen parially positively charged. The polyamide (such as a
polypeptide) or polyamine has a repeating NR group in which a hydrogen may be bound 1o an electronegative nilrogen
thal also ieaves Lhe hydrogen partially positively charged. The hydrogen in both cases ¢an then interact with an elec-
tronegative atom, parlicularly oxygen or nitrogen, on the particle or fiber to form a hydrogen bond that adheres the
binder to the particle and fiber. The electronegative oxygen or nitrogen of the binder also can form a hydrogen bond
with hydrogen atoms in the particle or fiber that have positive dipoles induced by electronegative atoms, such as
oxygens or nltrogens, to which the hydregen is attached. The polyamide aiso has a carbonyl group with an electron-
egatlve oxygen thet can interact with hydrogen atoms in the particles orfibers. Thus, the polymeric binders can enhance
the hydregen bonding (a) between the fibers and binder; and (b) in the case of perticles with hydragen bonding func-
tionalities, between the binder and the particies.

[0024] Alternatively, the polymeric binder may form a coordinate covalent bond with the particles and a hydrogen
bond ta the fibers. For example, the oxygen or nitragen on the hinder has an unbound pair of electrons that can be
donated to an empty orbital in the particle to form a coordinate covalent bond. For example, one {free pair of clectrons
on the oxygen or nitrogen can be donated to the empty p arbital of a boron-containing pariicle o form a coordinate
cavalent bond that adheres the particle to the binder. The fibers themselves contain functional groups that can form
hydragen bonds wiih the binder, and allow the binder to adhare to the fiber. Cellulosic and synthetic fibers, for oxample,
may contain hydroxyl. carboxyl, carbonyl, amine, amide, ether and ester groups that will hydrogen bond with the hy-
droxyl, carboxylic acid, amide or amine groups of the binder. Henca, the polymaric binder will adhere the particle with
a coordinate covalent bond and the fiber will adhere with a hydragen. bond.

[0025]) In some preferred embodiments, the polymeric binder is bound to both the fibers and the particle by hydrogen
bonds. A polypropylene glycol binder. for example. can be used to bind water-insoluble polyacrylate hydroge! particles
to cellulosic fibers. The hydrexyl and ether groups on the glycol binder participate in hydrogen-bonding interactions
with the hydroxyl groups on the cellulose flbers and the carboxyl groupa on the polyacrylate hydrogel, as shown below:
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Altematively. a potypropylene gltycol {PPG) binder, for example, can be used to bind a water-soluble particle to cellulosic
fibers. The hydroxyl and ether groups on the glycol binder participate in hydrogen bonding Interactions with the hydroxyl
groups on the cellulose fibers and appropriate functionalities on the waler-soluble particle. as shown below:
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Hence, the binder will adhere both the particle and fiber with hydrogen bonds. The presence of a hydregen-bonding
functionality on each repeating unil of the polymeric binder has been found to increase the number of hydregen bonding
interactions per-unit-mass. of polymer. which provides superior binding efficiency and diminishes separation of particles
from the fibers. The repeating ether functionality on the glycol binder provides this efficiancy in the examples dia-
grammed above. A repcaling carboxy! group is the repealing functionality on polyacrylic acid, while repeating carbonyls
and NR groups (wherein R is either an H or alkyl, preferably lower alkyl i.e., less than five carbon atoms, in a normal
or Iso configuration) of the amide linkages are the repeating functionalities on polyamides such as polypeptides. A
repeating amine group is present on polyamines.

[0026] The polymeric crganic binders of the present invention have been lound 1o increase in binding efficiency as
the length of the polymer increases, at least within the ranges of molecular weights that are reported in the examples
betow. This increase in binding efficiency Is attributable to the increased number of hydrogen bonding or coordinate
covalent bonding groups on the polymer with increasing rolecular longth. Each of the pelymeric binders has a hydrogen
bonding or coordinate covalent bonding functionality. If each repeating unit of the polymer has repeating functionalities,
longer palymers provide more hydrogen bonding groups or coordinate covalent bonding groups that can participate in
hydrogen bonding interactions or in coordinale covalent bonds.

[0027] Although the invention is net limiled to polymerlc binders of particular molecular weights, polymeric binders
having a molecutar weight greater than 500 grams/mole are preferred because thay provida attractive physical prop-
erties, and the solld is less volatile as compared to low-molecular-welght polymeric binders. Polymeric binders with
malecular weights groater than 4000 grams/mole are especially preferred because they have minimal volatility and
are less likely to evaporate from the fibers. Low-molecular weight materials typically are more mobile than are the
higher-molecutar weight materials. Low-molacular weight materials can more easily move to the fiber-particle interface,
and are more easily absorbed by the fiber where they are less available to bond the particles to the fibers. The higher
molecular weight materials are less apt to be absorbed by tho fibers, and are less volatile than the low-molecular weight
malerials. As a result, higher molecular weight polymeric binders. 1o a greater exient, remain on the surface of the
particlas where they are more available to bond particles to fibers. In some particular embodiments. polymers with
molecular weights between 4,000 and B0O0O grams/mole have been used. Polymers with molecular weights above
8000 may be used. but such exceedingly high molecular weight polymers may decrease binding efficiency because
of processing difficultics.

[0028] Cenain polymeric binders have greater binding efficlency because their repeating functionality is a mere ef-

1oV



[

15

20

25

40

45

50

EP 0 745 160 B1

ficient hydrogen bonding group. It has been found that repeating amide groups are more efficient than repeating car-
boxyl functionalities, which are more efficiant than repeating hydroxy! functionalities, which in turn are more efficient
than amine or ether functionalities. Hence, polymeric binders may be preferred that have repeating amine or ether
functionalities. more preferably repeating hydroxyl functionalities, and even more preferably repeating carbonyl or car-
boxyl functienalities, and mosl preflerably repeating amide functionalities. Binding may occur al any pH, but is suitably
performed at & neutral pH of 5-8, preferably 6-8, to diminish acid hydrolysis of the resulting flbrous product. Suitable
binders may be selected from the group consisting of polyglycols such as polyethylane glycol or polypropylene glycol,
palycarboxylic acids such as polyacrylic acid. polyamides. polyamines, poly{lactene) diols, such as poly{caprolactone)
diol and combinalions or copolymers thereol.

[0029] The group consisting of polycarboxylic acids (such as acrylic acid), polyamides and polyamines has been
found to have a especially good binding efficlency. Among polyamides, polypeptides are especizlly preferred.

V. Non-Polymaric Binder Characteristics

[0030] The densifying agent may comprise nonpolymeric organic binders selected from a predetermined group of
binders that each have a volatility lese than water. The vapor pressure of the binder may, for example, be less than 10
mm Hg at 25°C, and more preferably less than 1 mm Hg at 25°C. The non-polymeric binders comprise non-polymeric
binder molecules wherein the molecules have at least one functional group that forms hydrogen bonds or coordinate
covalent bonds with the particles. In accordance with tha present invention, the predetermined greup of non-polymeric
binders may include a functional group seleclad from the group consisting of a carboxyl, a carboxylate, a carbonyl. a
sulfonic acid. a sulfonate. a phosphate. a phosphoric acid. a hydroxyl, an amide. an amine, and combinations thereof
(such as an amino acld or hydroxy acid) wherein each binder includes at least twe such functionalities, and the two
functionalities are the same or different. A requirement forthe non-polymeric binderis that it have a plurality of functional
groups that are capable of hydrogen bonding, or at least one group that can hydrogen bond and at least one group
that can form ceordinate covalent bonds. As used herein, the term "non-polymeric” refers to 8 monemer. dimer. trimer,
tetramer, and oligomers, although some particular non-polymeric binders are monomeric and dimeric, preferably mon-
omaeric.

[0031] Particularly preferred non-polymeric organiec binders are capable of forming five or six membered rings with
a functlanal group on the surface of the particle. An example of such a binder is an amine or amino acid (for example,
a primary amine or an amino acid such as glycine) which forms six-membered rings by forming hydrogen bonds:

i

or

[0032] A slx-membered ring alsoc is formed by the hydroxyl groups of carboxyllc aclds, alcohols, and amine acids.
for example:
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A five membered ring can be formed by the binder and the functionality on the surface of the particle, for example:

?
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whereln the particle is A water-insoluble particle such as SAP and the binderis an alcohol, such as a polyol with hydroxyl
groups on adjacent carbons, for example 2,3-butanediol. A binder that lorms a five-membered ring can also be used
with a water soluble particle. for exampile wherein the particle is EDTA and the binder is an aleohol, such as a polyol
with hydroxyl groups on adjacent carbons, for example 2, 3-butanediol.

[0033] Other aicohols that do not form a five-membered ring also can be used, for example alcohols that do not have
hydroxyl groups on adjacent carbons. Examples of suitable alcohels include primary, secondary or tertiary alcohols.
[0034] Amino alcohol bindere are alcohols that contain an amine group {-NR,), and include binders such as eth-
anolamine (2-aminoethanol), and diglycolamine {2-(2-aminoethoxy) ethanol)). Non-polymeric polycarboxylic aclds con-
tain more than one carboxylic acid functiona! group, and include such binders as citric acid, propane tricarboxylic acid,
maleic acid, bulanectetracarboxylic acid, cyclopentanetetracarboxylic acid, benzene tetracarboxylic acid and tartaric
acid. A polyol is an alcohol that contains a plurality of hydroxyl groups, and includes diols such as the glycols {dihydric
alcohols). ethylene glycol. propylena glycol and trimethylene glyeol: triols such as glycerin {(1.2,3-propanetriol). Esters
of hydroxyl-containing binders also may be used with mono- and diesters of glycerin. such as monoglycerides and
diglycerides, being especially preferred. In the case of the diglycerides, at least one of the esterilying acid moieties
must alse include a functional group that is capable of forming at least one hydrogen bond with the fibars. or at least
one functional group capable of forming a hydrogen bond or & coordinate covalent bond with the particles, Examples
of polyhydroxy or polycarboxylic acid compounds include tartaric acid or ascorbic acid {vitamin C):

Hw.i * OH
“«";‘t.:l-l"o‘-t':“"‘lJ

o’ ‘oH

Viamin G
(ascorbio acld)

[0035] Hydroxy acid binders are acids that contain a hydroxyl group, and include hydroxyacetic acid {CH,OHCOOH)
and lactic, tartarle, ascorbic, citric, and salicylic acid. Amina acid binders include any amino acld, such as glycine,
alanine, valine, sarine, {hreonine, cysteine, glutamic acid, lysine, or B alanine.

[0036] Suifonic acid binders and sulfonates are compounds that contain a sulfonic acid group (-SO4H) or a sulfonate
{-S05’). Amino-sulfonic adde also can be used. One example of an amino-sulfonic acid binder suitable for the preaent
invention Is taurine, which is 2-aminoethanesullonic acid. Nen-pelymeric polyamide binders are small molecules (for
example, monomers or dimers) that have more than one amide group, such as oxamide, urea and biurct. Similarly. a
non-polymeric polyamine binder is a non-poltymeric molecule that has mere than one amine group. such as othylene
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diamine, EDTA or the amino acids asparagine and glutamine.

[0037] Although other non-polymeric organic binders are suitable in accordance with the discussion above, the non-
polymeric organic binder is preferably selectad from the group consisting of glycarin, a glycerin monpester, a glycerin
diester, glyoxal, ascorblc acid, urea, glycine, pentacrythritol, a menosaccharide, a disaccharide, citrle acld, taurine,
tariaric acid. dipropylenaglycol, urea derivatives, phosphate, phosphoric acid. a hydroxy acid, and combinations there-
of. The non-polymeric binder also is most preferably selected from the group consisting of glycerin, a glycerin mo-
noester, a glycerin diester, polyglycerin oligomers, urea and combinations thereo!. The non-polymeric binders also
preferably include functionalities selected from the group consisting of a carboxyl, a carboxylate, a carbonyl. a sulfonic
acid. a sulfonate. a phosphate, a phosphoric acid, a hydroxyl, an amine, an amide, and combinations thereof (such as
an amino acid or hydroxy acid). The non-polymeric binders must have at least two functionalities from such group, and
the groups may be the same or different.

[0038] Each of the non-polymeric binders disclosed above Is capable of forming hydrogen bends because it has a
functional group thal contains electronegalive atoms, particularly oxygens or nitrogens, or has electronegative groups.
particularly groups containing oxygens or nitrogens, and that also include a hydrogen. The amino alcohol. aminc acld,
carboxyllc acid, alcohol and hydroxy acid all have s hydroxyl group in which a hydregen is bound to an electronegative
oxygen, creating a dipole that leaves the hydrogen partially positively charged. The amino aicohol, amino acid, amide
and amine all have an NR group in which a hydragen may be bound to an electronegative nitrogen that also leaves
the hydragen partially positively charged. The partially positively charged hydragen in both cases then can interact
with an electronegative clement, such as oxygen or nitrogen, on the particle or fiber to help adhere the binder to the
particle and fiber. The polycarboxylic acid, hydroxy acid, amino acid and amlde also have a carboxyl group with an
elactronegative oxygen that can interact with hydrogen atoms in the particles and fibers. or in intermadiate molecules
between the binder and particles or fibers. similarly, electronegative atoms (such as oxygen or nitrogen) on the fiber
or particle can interact with hydrogen atoms on the binder that have positive dipoles, and partially positive hydrogen
atoms on the fiber or particle can interact with electronegative atoms on the binder.

[0039] Several proposed hydrogen bonding interactions of two of the binders (glycine and 1,3-propanadiol) with
cellulose are shown below:

G
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[0040] The hydrogen bonding interactions are shown as dotted lines. One such interaction is shown between the
nitrogen of glycine and a hydrogen of an -OH on cellulose. A hydrogen bond with glycine is also shown between an
oxygen af the -OH on glycine and the hydroxy hydrogen of an alcohol sidechain on cellulose. Hydrogen bonding in-
teraclions of the 1,3-propanediol are shown in dotted lines between an oxygen on an -OH group of the binder and a
hydrogen of an -QOH group on the cellulosa molecule. Another hydrogen bond is also shown between a hydrogen on
an -OH group of the gtycol binder and &n oxygen in an alcohol sidechain of the celluloss.

[0041] I also Is possible for water or other hydrogen bonding molecules to be interposed between the fiber and
binder. such that the fiber and binder are both hydrogen bonded to the water mofecule.

[0042] Altematively, an atom on the binder may have an unbound pair of electrons, such as a lone pair of electrons
from an oxygen or nitrogen atom, that can be donated to an empty orbital of an acceptor atom in the particle to form
a coordinale covalent bond. The free pair of electrons on the oxygen or nitrogen can be donated to the empty p, dor
f orbital of a particle (for example a boron-contalning particle) to form a coordinate covalent bond that adheres the
particle io the binder. The flbers themselves do not normally contain functional groups that can act as electron ecceptors
in the formation of coordinate covalent bonds with the binders, but hydrogen bonding interactions allow the binder to
adnere 1o the fiber. Celivtosic and synthetic fibers, for oxample, contain hydroxyl. carboxyl and ester groups that will
hydrogen bond with the hydroxyl, carboxylic acid, amide, amine or othar groups of the binder. Non-cellulosic or non-
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synihetic libers that have these functionaliliee also can be used, for example silk, which has an amide linkage. Hence
the binder will adhere the particle with a coordinate covalent bond and the fiber with & hydrogen bond.

{0043] In some preferred embodiments, the binder Is bound to both the fibers and the particle by hydrogen bonds.
A polyol binder. for example. can be used to bind polyacrylate hydroge! particles to cellulosic fibers. The hydroxyl
groups on the polyol binder participate in hydrogen-bonding interaclions with the hydroxyl groups on the cellulcse
fipers and the carboxyi groups on the polyacrylate hydrogel. Hence, the binder will adhere to both the particle and fiber
with hydrogen bonds. These hydrogen bonds provide excellent binding efficiency and diminish separation of bound
particles from the fibers.

[0044] A structural drawing is shown below in which citric acid, vitamin C and urea adhare water-insoluble SAP
particles to cellulose with hydrogen bonds, or water-soluble EDTA particles. Some of the possible hydrogen bonding
interactions are shown as dashed lines. It is possible that other molecules (such as water molecules) also may partic-
ipate in some of these bonds, for example, as an intermediary between the binder and particle or fiber.
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[0045] Particularly cfficient hydregen bonding binders include those with carboxyl groups, such as ascorbic acid, or
amide groups. such as urea. Hydroxyl groups are also very efficient binders. Amine and ether functionalities are less
efficient binders.

[0046] Binders have functional groups that may ba selected independently or in combination from the group consist-
ing of a carboxyl, a carboxylate, a carbonyl, a hydroxyl, a sulfonic acid. a sullonale, a phosphoric acid, a phosphate,
an amide. an amine. and combinations thereof. These functional groups might be provided by the following exemplary
chemical compounds: a carboxyl group could be provided by carboxylic acids, such as ascorbic acid; a carboxylate,
which ie an ionized carboxylic acid. could be provided by a maiarial such as ascorbale; a carbonyl group can be
provided by an aldehyde, such as ketone; a hydroxyl, such as an alcohol or a polyol, such as glycerol, or a mono- or
diglyceride, which are esters of glycercl; an amide, such as a peptide; and an amine, which may be provided by an
alkyl amine, such as ethylenimine wherein the binder has at least two of theee functional groups. and each of the
functional groups can be the same (for example, a polyol, polyaldohyde, polycarboxylic acid. polyamine or polyamide)
or different (for example, an amino alcohol, hydroxyamide, carboxyamide, or amino acid). Functional groups also may
be selected independently or in combination from the group consisting of carboxyi, an alcohol, an amide and an amine.
An aldehyde may optlonally be a member of each of these groups, particularly if it is oxidized to a carboxytic acid.
[0047] Combinalions of the polymeric and non-polymeric binders, as well as with other binders. also may be used,
providing that they are non-reactive. That is, providing that the bindere do not react in a manner which prevents the
binders from possessing the functional groups required to be present for binding in accordance wilh the present in-
vention.

V. Process Advaniages

[0048] The deneltying agents of the present invention also provide numerous process advantages. Binding of parti-
cles 1o the fibers can occur. for exampie, without extemal application of heal. Hence, if dasired, particle binding may
oecur at ambient temperature. The present Invention therefore is distinct from prior-ant crosslinking processes in which
elevated lemperalures are required te covalently croselink cellulose groups to one another. Morecver, the densilying
agentis of the present invention have the advantage of being activatable by addition of a fluid, such as a liguid solvent
(sometimes referred to herein as a activation liguid, ocne example of which is water). Hence, & liquid binder {(which
would include a eolution of a solid or liquid binder, or a binder that has a melting point or softening point below room
temperature) can be applied to a cellulose mat in the absence of the particies to be bound and the binder allowed to
dry, for example until the fiber preduct reaches an equilibrium moisture content with the moisture in the ambient air.
The binders then may be activated to bind the partictes in piace. Some of the binders {especially the liquid binders)



10

15

25

30

as

40

55

EP 0 745 160 B1

diffuse throughout the fibers to reach an equilibrium distribution of the binder. Alternatively, the binder can be applied
as a solid, for example as particles or a powder. At a later staga of processing, water or another activating fluid or liquid
may be added to those portions of the mat whare particulate binding is desired. The particles then may be added to
the mat and adhered to those portions of the mat that have been moistened. Alternatlvely, the particles may be added
Lo the mat prior to or simullanaously with activation of Lthe binder.

{0049} The binders may be liquids at room temperature (such as glycerin), or liquid solutions of binders that are
solids at room temperature {for example, an aqueous solutien of glycine), or liquid hot melts of eolid binders. Solid
binders can be applled to the fibers as a supersaturated solution or the solid binder may be heated above its melting
point and appiied to the fibers. Upon soiidifying the binder is deactivaled. Solid binders may be added to fibers in
particulate form, for example, by eprinkling binder particles on the fibers, providad they are fixed by the subsaguent
application of heat or liquid.

[0050] The binding reaction of the present invention can occur across, a broad range of pH withoul requiring’a cat-
alysl. A suitable pH mange without a catalyst is 1-14, but preferred ranges are 5-8 or 6-8 becausa such neutral pH
ranges will produce fibrous products (suchias cellulose products) that are lass prone to damage by acid hydrelysis. A
non-acidic pH (7 or greater) will provide an environment that inhibits formation of ester bonds, and promotes formation
of the hydrogen bonde or coordinate covalent bonds that adhere the particles of the present invention to the libers with
the binder.

[00B1] When water-insoluble particles are used. the molsture content of the fibers during the binding reaction is
0.5-50%, suitably 5-40%, or preferably 5-20% water by weight of the fibers, binder And particle. A moisture content
greater than 20%, prelerably 30%, or in the range 20-50%, or 30-50%, can be used even though such high moisture
contents interfere with Intermediate anhydride formation and inhibits formation of covalent bonds in the production of
high-bulk crosslinked fibers. When water-soluble particles are used, the maisture content of the fibers during the binding
reaction is 0.5-30%, suitably 5-25%. preferably 12-20%. Particles may be added to the fibers with the particles distrib-
utad throughout a fibrous product without being confined to a aurface of the product. The particles can be distributed
throughout the depth of a fiber product such as a mat or veb.

[0052] The binder suilably is present in the treated product In an amount of at least 1 percent, and no more than B0
percent, by weight of the fibrous material ("percent by weight"). In especially preferred eambodiments, the binder is
present in an amount of 1 - 80. or more praferably, 1 to 40 or 1 to 25 percent by weight of the fibrous material. Below
about 1 percent. when placed on the fiber. an insufficiant amount of binder is present to achieve adequate binding.
Using excessive amounis of binder can introduce unnecessary expense inlo Lhe binding process. High percentages
of binder can also cause processing problems because the binder matarial transfers to equipment surfaces. Therefore,
it is often preterred to use no more binder than is required to bind the particles and fibers.

[0053] Themmoplastic binders also may be used to help bind fibers to each other and paiticles to fibers. The binder
that has the hydragen bonding or coordinate covalent bonding functionalities itself may be thermoplastic. The polymeric
binders and some non-polymeric binders of the prasent invention have the advantage of baing thermoplastic solids.
Hence, fibers troated in accordance with the present invention can be thermobonded by elavating the fiber temperature
above Ihe sofiening temparature of the binder to soften the thermoplastic binder and thermoplastically bind the fibers
le each other and the fibers to the particles. Alternatively, an auxiliary or second binder can be applied to the fibers as
a solid al room temperature, and the temparalure of the second binder elevaled above ils softening point to thermobond
the fibers and particles. The auxiliary bindar may be applied to the fibers elther before or after the primary binder is
applied, but before thermobonding.

[0054] The densilying agents of the present invention may be used wilh fibars that have substantial intrafiber covalent
croaslinks (such as HBA avallable from Weyerhaeuser) or fibers which are substantially free of intrafiber covalent
croaslinking. Examples of individualized intrafiber crosslinked fibers are seen in EP-A-440 472 A1 and 427 317 A2,
which produce products that those publications describe as being substantially froe of intorfiber bonds. The fibers of
the prasent invention do not need to be processed as in those European applications to eliminate interfiber bonds. The
present invention can tharefore be used with natural fibers that have substantial interfiber bonding, which are defined
as fibers that have not been processed as in EP-A-0 440 472 A1 and 427 317 A2 to substantially eliminate interfiber
bends. Cellulose fibers that have not been so processed are substantially free of intrafiber bonds,

[0055) The fibrous product of the present method (with or without intrafiber crosslinking) may further be densitied by
external application of preasure. The densified product Is compact and easily transported. And, when the particles are
superabsorbent particles, the resutting fibrous product has superior properties as compared to nondensified products.
The inventors have found that the binders of the present invention produce a product that can be easily densified. Easy
densification is associated with the hydrogen bonds and coordinate covalent bonds formed between the binder and
the panticles and fibers. The fibers are particularly easily densified when at least 5% by weight of the fibers, panicles
and binder. more preferably 10%. are SAP particles adhered 1o the fibers.

[0056] In accordance with this invention, the densifying agents may be applied 1o fibers beforo, subsequent, or si-
multaneously with addition of ihe particles. Simultanecus addition cen be sccomplished by two separate streams of
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parilicles and binder that are simultangously directed al a fibrous substrate. or alternatively merged immediately or
soms time prior to impacting against the substrate. Without limiting the invention. it appears that the addition of small
amounts of moisture to the particles may help bind supérabsorbent particles and perhaps other types of particles to
the flbers. For example, exposing the particles to air at 65 percent humidity as they are dellvered to binder containing
fibers has been found to enhance lhe particle bonding.

[0057] Binding may be performed under conditlona that favor formation of hydregen bends or coordinate covalent
bonds, and discourage formation of covalent bonds. Conditlons that favor covalent bonds are those disclosed in US-A-
4,412,036 and US-A-4,467,012 wherein particle and binder would be laminated between tissue layers under high
lemperaiure and pressure 1o form laminated adherent lissue {ayers. That patent teaches that minimal adhesion occurs
at 35,7 kg/cm (200 pli : pounds per linear inch, as In a calendar press) if no extemal heat is supplled, but adhesion
improves as the roeaction tomperature increases. Improved adhesion of the tissue layers occurs because of enhanced

- covalent bonding as the temperature increases.

[0058] Conditions that faver covalenl bond lormalion are also shown in EP-A-440 472 A1; 427 317 A2: 427 316 A2:
and 429 112 A2, Thase European publications use polycarboxylic Acid crosslinkers, and require elevatad temperatures
{for example above 145°C) and acidic conditions (pH less than 7) to promote formatlon of intrafiber covalent ester
bonds and inhibit reversion of the ester bonds. The present invention, in contrast, can form hydrogen or coordinate
covalent bonds below 145°C. below 100°C, and even at room temperature. The densllylng agents of the present
invention alse can bind particles to fibers under neutral or alkaline condltions, i.e., at a pH above 7, but preterably at
a pH of 5-B or 7-8. Fibers that have high bulk from Intraflber covalent crosslinks are prepared by Indlviduallzing the
libers (for example, in & fiberizer) and curing them at an elevated temperature (above 150°C). Initial application of the
binder on such high-bulk fibers preferabiy occurs after the curing step, particularly if the binder is capable of functioning
as a crosslinking material. The specific types of binders disclosed herein that also can crosslink are polyols, polyaldo-
hydes, polycarboxylic acids, and polyamines (polymeric or nonpolymeric binders with more than ene amine group). If
such binders are prasent during curing, the binder will be consumed during the curing step to form covalently crosslinked
bonds. When this occurs. the binder is no longer available for hydrogan bonding or coordinate covalent bonding, and
particle binding to fibers is ineffective.

[00‘59] The intrafiber covalent bond forming processes described in Lhe above European publications require forma-
lion of an anhydride that then reacts with a hydroxy group on cellulose to form a covalent aster bond. The presence
of more than about 20% water by weight in the fibers is believed to interfere with the foermation of the anhydride and
inhibits covalent bond formation. Hence, in processes Lhat use polycarboxylic acids, polyols and polyamines {which
includas both polymerlc and nonpolymeric amines having more than one amine group) as binders in the present in-
vention, the fibers should contaln at least 20% water {or 20-50% water) by weight if the particles and binder are present
In the fibers when curing occurs. The wataer inhibits covalent bond formation, and pravents all of the binder from being
uscd to form covalent intrafiber crosslinks. Hence, some of the binder remains available to form the non-covalent bonds
with the particles and produce ease of densificalion in fiber products made by the process of the prasent invention.

V. Application of Bindar

[00B0] The binders of the presen! invention that may function ae densifying agents can be added to the fibers in any
convenient manner. One such procedure is to spray the binder or binders on a web of the fibers that is conveyed past
a sprayer on a conveyor belt. Alternatively, loose fibers may be allowed to fall past a sprayer, or loose flbers may be
moved on a conveyor belt pasi a sprayer. The looae fibers may also be | slurried with or immersed in binder. It also
prelerable to roll coat the binders on the web, particularly il the binder is viscous. For solid binders, blending of the
fiber and binder may be accomplished or the binder may simply be sprinklad onto or otherwlse comminglad with tha
fibers. followed by a fixation step such as addition of heat or liquid. The fibers may also be sprayed or immersed in the
binder, or binder particles may be applied thereto. These fibers can, while still wet in the case of a liquid binder or
following activation of & fiquid or solid, be combined with the particles.

[0061] The fibers also can be allowed to dry for later activatlon with an activation fluid, such as an activation liquid.
and combined with the particles at that time. An example of when it may be desirable 1o apply the binder ta the fiber
and thereafiar activate the binder in the presence of particles is when the particles are added at a remote site. For
inslance, the binder may be activated from an inactive state at a second location that is remote from a first location
where the binder is applied to the fibers. The second location maybe, for example. a location where a manufacturer
combines fibers and particles into articles, such as absorbent articles. Particles may be added Irom conventional val-
umetric feeders in @ hammermill or from injectora on a paper making line.

[0062] One method for uniformly coating thé fibers with a binder and adding the particles is shown in US-A-5,064.689.
Howaever, the invention is not limited to any specific mechanism for combining the fiber, binder and particlos.
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VIl. Production of High Bulk Fibers

[0063] Productlon of high bulk fibers with intrafiber croaslinks is known in the art. Processes for making such fibers
are described in EP 440 472 A1; EP 427 317 A2; EP 427 316 A2; and EP 429 112 A2 These high bulk fibers may be
used in the present invention, with particles bound to them by the binders disclosed herein. Since methods of making
high bulk fibers are known. only a brief description of one such process is given below.

A, Overall System

[00684] The apparatus 110 (FIG. 2) of the present invention comprises a conveying device 112 for transporting a mat
114 of cellulose fibers or othor fibers through a fiber treatment zone 116; an applicator 118 for applylng A treatment
substance such as a crosslinking substance from a source 119 thercof to the mat 114 at the fiber treatment zona 116;
a liberizer 120 for completely separating the individual cellulose fibers comprising the mal 114 to form a fiber outpul
compriaed of substantially unbroken cellulose (ibers substantially without nils or knots; and a dryer 122 coupled to the
fiberizer for flash evaporating residual moisture from the fiber output and for curing the crosslinking substance, thereby
forming dried and cured cellulose fibers.

[0065] The mal 114 of cellulose fibers is preferably in an extended sheet form stored in the form of a roll 124 until
use. It ls normally not necessary that the cellulose fibers comprising the mat 114 be completely dry. Since cellulose is
a hydrophiiic substance. molecules thereof will typleally have a certain level of residual moisture, even after drying.
The level of residual moistura is generally 10% wi/wt or less, which is not deteclable as "wetness." FIG. 2 also shows
that more than one supply. such as multiple rolls 124, of the mat 114 of cellulosic fibers can be simultaneously processed
using the present inventian.

[0066] Atthe fibertrealment zone 116, sprayers or other applicators 118 apply chemicals such as crosslinking agents
to the mat. Typically chemicals are epplicd uniformly to bolh sides of the mat. The wetted mat passes beiween a pair
of rollers 128 which assist in distributing the chemicals uniformly through the mat. Other applicators may also, of course,
be used,

[Q067] The crosslinking subslance is a liquid solution of any of a variety of croeslinking solutes known in the ar. If
required. the crosslinking substance can inciude a catalys! 1o accelerate tha bonding reactions between molecules of
the cresslinking substance and cellulose molecules, However, many if not most crosslinking substrnces do not require
a catalyst.

[0068} Preferred types of crosslinking substances are solecled from a group consisting of urea derivatives such as
methylolated urea, methylolated cyclic ureas. methylolated lower alkyl aubstituted cyclic ureas, methylolated dihydroxy
cyclic ureas, and mixtures thereof. A specifically preferred crosslinking substance would be dimethyloidihydroxyethyl-
enc urea (DMDHEU). In addition, crosslinking substances can be polycarboxylic acids, such as citric acid. Crosslinking
materials are kKnown in the art, such as described in the previously mentioned Chung patent, US-A-4,935,022 to Lash,
el al., US-A-4,889.585 to Hermon, et al., US-A-3.819,470 to Shaw, et al., US-A-3,658,613 to Steijer, at al.. US-A-
4,822,453 to Dean. et al., and UUS-A-4,853.086 to Graef, et al.

{0069] Suilable catalysls include acidic salts which can be useful when urea-based crosslinking substances are used.
Such salls include ammonium chloride, ammonium sulfale, aluminum chloride, magnesium chloride, or mixtures of
these or other similar compounds. Alkali metal salts of phosphorus-containing acids may alsc be used.

[0070] In FIG. 2. the crosslinking substance applied 1o the mat 114 is obtained from a supply 119 thereof, such as a
tank or analogous vessel.

[0071] Crosslinked cellulose fibers are individual fibers each comprised of multiple cellulose molecules where at
least a portion of the hydroxyl greups on the cellulose melecules have baen covalently bonded to hydroxy! groups an
neighboring cellulese molecules in the same flber via crosslinking reactions with extraneously added chemical reagents
termed "crosslinking substances” or "crosslinking agents." Suilable crosslinking agents are generally of the bifuncticnal
type which create covalently bonded "bridges” between said neighboring hydroxyl groups.

B. Convaying Device

[0072] Refarring further to FIG. 2, each mat 114 of cellulosic fibers |s conveyed by a conveying device 112, which
carries the mats through the fiber treatment zone 116. FIG. 2 also shows a further portion of one type of conveying
device comprised of a first pair of rollers 126 and a second pair of rollers 128 for each mat 114. The first and sacond
pair of rollers 126. 128 are particularly effective for urging the corresponding mat at e substantially constant and con-
trolled rate of speed.
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C. Fiber Treaiment Zone

[6073] Each mat 114 is urged by the first and sacond palr of rollers 126, 128 through the fiber treatment zone 116
where the mat 114 (s impregnated with a liquid crosslinking substance. The crasslinking substence is preferabiy applied
to one or both surfacas of the mat using any of a variety of methods known in the art useful for such a purpose, such
as apraylng, rolling, dipping, or analogous method. Combinations of spray and roller applicators can also be employed.
[0074] The crosstinking substance Is typlcally applied in an amaunt ranging from about 2 kg to about 200 kg chemical
per toh of cellulose fiber and preferably about 20 kg to about 100 kg chemical per ton of cellulose fiber.

. Fiberizer

[0075] The next subsystom following the fiber treatment zone is a fiberizer 120 which serves 1o comminute one or
more mais 130 impregnated with the crosslinking substance into individual subsiantially unbroken cellulose fibers
comprising a flber output.

[0076] Referring further to FIG. 2. a flrst conveyer fan 260 of conventional design can be utilized for propelling the
fibere from the outlel 152 of the atlrition device 132 through a conduit 262.

[0077) An optional componenit of the fiberizer 120 is a first cyclone 264 or similar apparatus known in the ar, utilized
in a eonventional manner to concentrate the fibers passing out of the outlet 182 of the atfirition device 132. The first
cyclone 254 receives the fibers through the conduit 262 coupled thereto.

{0G78] Excess air can be recovered at tha top 266 of the first cycione 264 and recycied as required through a conduit
268 to a location upstream of the first conveyer fan 280 (if used). Such additional air can be beneficlal for easing tha
transfer of the fibers through the first conveyor fan 260.

[00T79] Adisk reliner 268 is another optional compeonent of the fiberizer 120 which can be employed o effect additional
separation of fibers (removal of knots) if required. Tha disk refiner 268 is of a type known in the art and comprises a
disk refiner inlet 270 and a disk reliner outlet 272. A representative disk refiner 268 is type DM38 manufactured by
Sprout-Bauer, Incorparaled of Muncie. Pennsylvania. If the disk refiner 268 Is used, the inlet 270 thereof is coupied
via a condult 274 tc an oullet 276 of the first cyclone 264.

[0080] A second conveyor fan 278 may optionally be utilized to urge propagation of the fibers through a conduit 180
downstraam of the disk refiner 268. Excess air can be recovered from the top 286 of tha first cyclone 264 and routed
via a conduit 281 to a tee 282 just upstream of the second conveyor fan 278.

[o0B1] Another oplional component of the fiberizer 120 is a fluff generator 290 which receives the fibers from the
optional second conveyor fan 278 through a conduit 284. The fiuff generator is described in detail below

E. Dryor

[0082] Referring further 1o FIG. 2, a preferred embodiment of the present apparatus 110 includes a dryer 122 which
is utilized to perform two sequential functions: remove residual moisture from the fibers and cure the crosslinking Agent.
Preferably, the dryer 122 comprises a drying zone 373 for receiving fibers, e.g. from lluff generator outlet 304 and for
removing residual moisiure from the fibers via a "flash drying™ mathod and a second drying zone 360. 362 for curing
tha crosslinking agent. In FIG. 2, the curing starts in zone 360 and continues through zone 362.

[o083] The FIG. 2 embodiment shows that zane 373 [s coupled to the fluff genarator outlet by a conduit 372 and ta
a source 374 of heated air, iypically produced by combustion of a supply of natural gas 376 and fresh air 378. The
termperature of healed air is regulated 1o maintain the temperature of the drying zone 373 within & range of about 200°C
to about 315°C. As the fiber oulput passes Into the drying zone 373, the wet flbers compriging the fiber cutput are
substantially instantaneously exposed to the high temperature in this zane, Such rapid exposure to high temperature
imparts a "flagh drying" effect to the fibers, thereby causing rapid and thorough drying and separation of lhe fibers.
Tha passage time through the drying zone 373 is praferably less than one second.

[0084] The FIG. 2 embodiment shows that the first zono 360 is comprised of a first tower 364 comprised of a body
portion 386. an inlgt 368, and a first tower outlct 370, The dryer zone 373 is coupled via a condult 372 to the outlet of
the {iull generalor 290.

{0085]) In FIG. 2, the first lower 364 is shown preferably coupled via a conduil 380 to a down tube 382. which is
coupled via a conduit 384 to a third conveyor fan 386 located at an intet 388 of a second tower 390. The third conveyor
fan 386 transports the fibers through the dryer which thereby pass inte the second tower 390. As the fibers are lofted
through the second tower 390, they are still exposed to a curing temperature within a range of about 140°C to about
180°C, which is sufficient to effect curing of the crosslinking agent without scorching the dry fibers. The lofting keeps
the fibers separated until the crosslinking reaction Is complete. The curlng temperature depends upon the type of
crosslinking material used to treat the fibers and also is set at a level 5o as lo not scorch the fibers during curing. It
should be noled that single stage dryars may also be used.
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[0086) The dried and cured fibers exiling the dryer outiet of tower 390 have an extremely low leve! of nits and virtually
no knols. Further. they are not discolored from scorching and the like, and have a median fiber length substantially
unchanged from the median length of the libers comprising the mat 14.

[0087] FIG. 2 also shows a second cyclone 400 of conventional design coupled via a conduit 402 1o the outlet of
tower 390, serving to concentrate the fibers passing therethrough in preparation for collection. The resulting concen-
trated fibars can be collected using any of a number of collection davices 408 known In the art, such as fiber bagging
devices.

EXAMPLE |

[0088] In this example, non-woven fibrous mats were impregnated with a crosslinking agent, fiberized. dried, and
cured using the apparalus as diagrammed schematically in FIG. 2.

[0089] Two 1-32m (52-inch) wide mats of southern pine kraft wood pulp fibers (type NB316 from Weyerhaeuser
Company) and having a basis welght of 680 g/M2 were fed to the apparatus. The mats were Impregnated using dimath-
yloldihydroxyethylene urea at a concentration of about 5%, applied over both sides of each mat using a combination
of spray nozzles and impregnation rolters. The loading level of crosslinking agenl was about 4.5% wiw.

[0090] The treated fiber mats were fed at the rate of 8 meters/min to the attrition device 132. The specific attrition
device used In thls example was equipped with six mat inlets and a rotor having 16 rows of hammers as described
above around the circumference of the rotor. The rotor had a diameter of 76-2cm (30 inches) and was rolated at an
angular velocity of 1200 rpm by an electric motor. Other rpm rates have also been tesied and have proven satisfactory,
including extremaly high rpm rataes.

[0091] Random samples of fibers wore obtained from tha output attrition device and observed for nits. Thase samples
were 2.6 grams and were consistantly observed to have fewer than three nits on the average with most samples having
no nits. The attrition device was flushed with watar once every sixteen hours for cleaning purposes.

[0082] A disk refiner 268 was employed downstream of the attrition device. This specific disk refinor was a DM36
refiner as previeusly mentioned. A fluff generator 280 as described in FIG. 2 was also employed in this downstream
of the disk refiner. The temperature at the dryer inpui in this example was within the range of 200°C 10 315°C. The
temperature at the second tower outlet was within the range of 140°C to 180°C. Crosslinked fiber at the output of the
dryer was produced at a rate of about 6:3x10-1kg/s {5000 pounds per hour). The particle binders and particles of the
present invention can be added before, aiter, or simultanecusly with curing. The term "curing in the presence of the
binder" means that the binder is added before or simultaneously with curing. Curing in the presence of the binder is
not usually & problem because the binder cannot always participate in the Intrafiber crosslinking reactlon, and the
binder Is not affected by.the curing step. In certain situations, however, the binder can also form covalant intrafiber
crosslinks. Polycarboxylic acids (such as citric acid), polyols (such as dipropylene glycol) and polyamines (such as
ethylene diamine) can function as crosslinking agents, and are consumed during the curing step in the formation of
covalent crosslinks. Hence in the limited case in which the crosslinking agent Is also a binder material, steps should
be taken lo prevent the bindar from being consumaed as a crosslinker in the curing step.

[0093] Formation of Lhe intraliber covalenl ester bond requires an anhydride intermediate. Formation of the anhydride
inlermediate can be inhibited by 1he presance of waler. The present inventors have found that about 20% waler (more
preferably at least 30% water) by welght in the fibers will sufficiently retard curing so that adequate binder functional
groups wlll remain avallable in the fibers to bind the particles to the fibers. Hence when curing the crosslinking material
in the presence of a binder that is also a croaslinking materlal. the fibers should contain at least about 20% water by
weight of the libers when curing begins. When curing the crosslinking material in the presence of a binder that is not
also a crosslinking materiat, steps to prevent covalent bond formation are not usually necessary. When the crosslinking
material is not cured in the presence of the binder, that is when the binder is applied after curing, no steps need be
taken to inhibit covalent bond formation.

V. Composite Absorbent Product

[0094] In accordance wilh the present invention, absorbent structures or arlicles may be made from the fibers, wilh
binder and optionally adhared particulates. These articles may be composite structures {e.g.. made of plural matarials).
For example. the articles may have a core of plural types of fibers, or fiber layers, with or without covering materials.
These producis are capable of abscrbing significant quantitios of water and other fluids, such as urine and other body
fuids. Such products Include, but are not limited to, disposable diapers, sanltary napkins, incontinent pads. towals and
the like.

[0095] FIGS. 3-4 illustrate an absorbent pad structure which may be formed from fibers of the present invention,
whether or not they are blended with other fibers. FIGS. 3 and 4 represent an absorbent pad 410 having a heat em-
bossed screen patlern 412, Pads having no pattern may also be used. A pad having a cover sheet 414 and a backing
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shect 416 may be formed. lor example. by placing & square fiber picce cul fram the sheet onte a comesponding precut
backing sheel. A corresponding precut cover sheet is placed over the top of the liber 418 on the backing sheet. This
assembly may then be adhesively bonded around a continuous margin 420.

[0096] With reference to FIGS. 5-6, an absorbent structure in the form of a bandage is shown. A bandage 430 for
application to a wound to abeorb blood and other bodily fluids is shown. An absorbent pad 440 is sacurely mounted
to an exterior or pad mounting surface 434 of a backing sirip 436. Fibers 441 are contalnad in pad 440, and particles
are aitachad 1o the fibers 441 Any suitable mounting or securing means may be used to affix pad 440 to the surface
434 of the strip 436. However, it is preferable for surface 434 to be coated with an adhesive so that the pad 440 may
be adhesively mounted in place. An exemplary adheslive is ethylene vinyl acetate adhesive. It Is also desirable for the
overall surface 438 of backing strip 436 to be coated with a conventional ndhesive. Surface 438 is the surface which
is affixed to the area of the skin surrounding the wound. Conventional "peel-back" tabs may be used to protect the
adhesive coating and pad 440 until the bandage is to be applied. This type of backing strip is well known in the arn.
[0097] The backing strip 436 may be of any known flexible material suitable for application to the skin, It is preferable
for the strip 416 to be of a material which Is impermeable to the passage of liquid so that fluid from a wound is contained
by the bandage. However, the sirip 436 may be apertured or olherwise breathabile to permit alr to reach the wound to
promole the healing process. A specific example of a suitable backing strip 436 is a polyethylena film.

[0098] As in the other structures described, a variety of combinations of antimicrobiels and other particles may be
used inthe fibers 441 of such a bandage. Again, however, the particles are adhered securely in place when the particles
have a hydragen bonding or a coordinate covalent bonding functionality, the fibers to which these particles are bound
have a hydrogen bonding functionality, and wherain the binder is selected from the group consisting of a polypropylene
glycol, a polypropylene glycol/polyethylene glyco! copolymer, a polycarboxylic acid, such as polyacrylic acid. a poly
(lactone) diol. such as poly(caprolactone) diol, A polyamide, a polyamine, a polysullonic acid, a polysulfenate. poly-
carboxylate and combinations thereof. The polymeric binder has a hydrogen bonding or a coordinate covalent bond
{forming functionality. Nonpolymeric binders would include organic binders such as glycerin, monoglycerides. diglycer-
ides, ascorbic acid, ures, glycine, pentaerythritol, a monosaccharide or a disaccharlde, cliric acid, tartaric acid, taurine,
dipropylene glycol, and urea derivatives such as DMDHEU. Suitable saccharides Inciude glucose, sucrose. lactose,
ribose. fructose, mannose. arabinose. and erythrosc. Two dilferent panicles, such as difierent antimicrobials in partic-
ulate form. may ba adhered to the sama fiber. In the alternative. sach different type of antimicrobial particle or other
particle may be adhered separately to diffarent fibers. Also. biends of fibers may be Included in abserbent structures
such as pad 366. For example, these blends may include fibers with adhered antimicrobial {one or more antimicrobials})
particlos and achered superabsorbent particles: fibers with one or more antimicrobial particles without superabsorbent
particles blanded with fibers having adhered superabsorbent particles with or without antimicrebial particles; and com-
binations of such fibers with untreated fibers and/or binder coated fibers without asuperabsorbent particles or antimi-
crobial particles. In addition. other particles, such as anticoagulants or hemostatics may be attached 1o the fibers.
[0099] The absorbenl pad of bandage 430 may also indude a cover sheel that Is typir.':alty made of any suitable
material which will readily permit the passage of liquid through the cover sheet o the fibers 441, such as nonwoven
fiber webs of fibers such as, for example, rmyon. nyion, polyester, propylene and blends thereof. One specifically pre-
terred cover sheet material is a 70 porcent rayon/30 percent polyester blend having a basis weight of 18 g/im? from
Scolt Paper Company.

[0100] FIGS. 7 and 8 illustrate a conventional disposable diaper S50 with a core 552 which is comprised of fibers of
the present invenlion with adhered superabsorbent pariculate materials. These particulate materials may be confined
to a target zone {for example, the front or croich portion of a diaper indicaled at 558) or of a heavier concentration in
the target zone. This can be accomplished by airlaying fibers of the present invention in such a zons. Also, the core
may be activated by malting the binder or moistening the target zone with water. The superabsorbent particles may
be sprinkled on ar otherwise applied to this welted zone. As the zone dries, the particles are adhered in place.

I1X. Densification

[0101] The products such as described above, as well as webs of the fibers of the present invention, can also be
densiflied by exlernal application of pressure to the web. The web could be densified by passing it through a get of
calendar rolls set at 10-71 and 16-07 kg/m (60 and 80 pli {pounds per linear Inch, as In a calendar press))respectively
to yleld sheets with increased densities. Densification may alternatively be provided by compaction rolls or presses.
The inventors have {ound that densification is facilitated in SAP-containing products treated with binders of the present
invention, when the densification occurs with the binder in an active state. Products that are treated with these binders
raquire less heat and pressure than unireated fibers to densify to & given density. Densificatlon Is preferably performed
to produce a product that has a density of about 0.05 to 0.7 g/ce, more preferably 0.1 to 0.3 glec.

[0102]) An example of densification using some of the binders of the present invention is given below:
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EXAMPLE 2

[0103] The products of the present invention can be formed inta 550 gram/square meter sheels 15.24cm (six inches)
in diamoter. in a laboratory padformer. Those pads are then passed through a sel of calendar rolls set at 10.71 and
16.07 kg/m (60 and 90 pli}, respectively lo yield eheete with densities of 0.3 and 0.5 gfcc.

EXAMPLE 3

[0104) A 50gram arnount of polygropylene glycol is diluted with 50 grams deionized water. The resulting solution is
sprayed on 321 grams of an intrafiber crosslinked cellulose fluff {HBA pulp frorn Weyerhaeuser Company of Tacoma.
WA) that was air entrained In a blender like mixing device. While the HBA fiber is still damp, 438 grams of IM1000F
{supplied by Hoechst-Celancse, of Portsmouth, Virginia) is added to the mixiure. The resullant mixture ig then vacu-
umed from the blender and apread on a counter to dry overnight. Then 550 gram/square meter handeheets, 15.24cm
{six inches) in diamater. rre made In a laboratory padformer. Those pads are then pressed at 1,38 x 107 Pa and 2.07
x 107 Pa(or 10.71 and 16.07 kg/m in a calendar roll) (2000 and 3000 psi (or 60 and 90 pli in a calendar roll)). respectively
1o yield sheets with densities of 0.3 and 0.5 g/ce. Alternalively, pads ol untreated HBA pulp blended with 45% IM1000F
would require heating to 100°C and pressures between 5,52 x 107 Pa and 7.58 x 107 Pa (8.000 and 11,000 psi) to
produce pads of similar densities.

EXAMPLE 4

[0105] HEBEA pulp with 40% IM1000F and HBA pulp with 12% glycerin and 40% IM1000F were formed inte 15.24cm
{six inches) pads in the padformer then pressed at about 4.48 x 107 Pa (6500 psi) for 15 seconds. HBA pulp without
glycerin binder reached a dansity of 0.4 g/cc and HBA pulp with glycerin bound particles reached a density of 0.57 g/
cc. This example fllustrates that fibers treated with method of the prasent invention achieve a greater density than
unireated fibers ai the same compression pressure.

X. Water Addition

[0106] Insome embodiments of the invention, a crosslinking malerial is added 1o the fibers and cured to formintrafiper
covalent bonds that produco high bulk fibers. If the crosslinking material and binder are the same (for example, a
polycarboxylic acid). or are both different but capable of intrafiber crosslinking, and the binder is added before curing
occurs, substantially all of the crosslinkingimaterial/binder will be used in the covalent crosslinking reaction, such that
none will be available for subsequent binding of the particles to the fibers with hydrogen bonds and coordinate covalent
bends. In this particular instance (where the crosslinking material and bindar are both capable of crosslinking, and are
added before curing) water may be added to the fibers before curing to retard initiation of tha curing step and ensure
that a porlion of the binder's functionality Is not consumed in the crosslinking reaction. At least 209 water by weight
in the fibers sufficiently relards intrafiber covalent bond formation lo atlow residual polycarboxylic acid on the fibers to
bind the parlicles to the fibers. The following example illustrates this process.

EXAMPLE 5

[0107] A 100 gram pulp sheet was sprayed with 44.5% intraliber crosslinking material, and the pulp sheet was then
delaminated and fed in small bits into a padfermer while adding superabsorbent particles to delarminated pulp sheet
at the same time. The material was run a second time through the padformer to fiulf It up, and the materlal was then
subsequently cured for 20 minutes in an oven at 150°C,

[0108] In a first run, the crosslinking material was a modifled ethylene urea and citric acid, while the particulate
material was IM1000F. To the 100 g pulp sheet was added 63.4 grams of the ethylene urea, 16.76 grams citric acid,
and 70 grams of IM1000F. for a final cresslinker content of 35.2% ethylene urea and 9.3% citric acid. by weight. No
waler was added in this run.

[0108] In a second run, the 100 gram pulp sheet was crosslinked with 30.83 grams of a polyaldehyde {glyoxal). 5.03
grams of a glycol. 0.2 grems alum, 0.2 grams cilric acid, And 15 grams distilled water. Curing was performed after 70
grams of iM1000F SAP was added lo the pad.

[0110] Attachment of tha particles to the pad was poor in both of these runs.

fo111] Each of these runs was then repeated. except 50 grams of distilled water wae added before curing. Hence
there was 50 g of water in the firat run and B5 g of waterin the second run. Particle attachment to the fibers was greatly
improved.

[0112] Electron microscopic examination of the fibers from these runs showed that particle bonding did not oceur in
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the absence of the 50g water addition. In the presence il 50 grame distilled water, however, elecromicroscopic data
showed actual bonding of the particles to the fibers.

Xl. Fiber Mixtures
[0113] The fibers of the present invention, such as fiber 600, can be mixed with other types of fibers, such as that
disclosed in US-A-5.057,166. The latex conated fibers of that patent can be mixed with the fibers of the present Invention

1o produce an absorbent product that has characteristics of both types of fibers.

XIl. Additional Binder Characteristics

[0114] US-A-3,903,8B9 discloses a process for adhering absorbent particles to pulp fibers using syrup, honey, and
other poiysaccharides such as dexirins. An essential requirement of these adhesive agents is Lhat they must possess
the property of being permanently pliable, and not rigidifying into a brittle film. The binders of the present invention. in
contrast, are capable of funclioning as a binder after solidifying Into a rigid crystalline material. Even the binders of the
present invention that do not rigidify into & solid {such as glycerin and PPG) are very hygroscopic, and can be present
on fibers having a total water content of no more than 15%. or sven 12%. This Is In contrast to the adhesives such as
honey and com syrup disclosed in US-A-3,903,889 that are not hygroscople. Polysaccharides (such as com syrup,
honey and dextrins) aro excluded as binders from some embadiments of the inventlon because they remaln tacky
upen drying. Tacky binders make processing the binder-coated fibers difficult. The polysaccharide polymers are aiso
excluded from non-polymeric embodiments of the binder of the present invention. Moreover. the non-polymeric sac-
charides such as monosaccharides and disaccharides, lack the high viscosity and tacky adhesive physical properties
of pelysaccharides such as corn syrup and honey. The non-polymeric saccharides of the present invention may be
solids. which avoid the viscosity and handling problems associated with polymers.

[0115] As used in this application. a particle that is soluble in water will completaly dissolve at least 10 grams of the
particle in 300 ml. water at 25°C. A particle that is sparingly soluble in the binder will completely dissolve no more than
about 5 grams of the particle in 300 mi. of the binder at 26°C,

[0116] Some of the binders of the present invention are also water soiuble. A binder that is water will completely
dissolve at least 10 grams of the binder in 300 ml, water at 25°C.

Xl Fiber Dansification Without Particles

[0117} Inaccordance with Another aspect of this invention. the present inventors have chserved that when densifying
agents such as those described below are applied to fibers for exampie those described above which have hydrogen
bonding functionality. the libers density lo a greater dogree than libers that have not been treated with a densilying
agent. Densifying agents that can be used to improve the densifiability of the fibera generally include, but are not limited
lo organic and inorganic materials that have a density greater than the dry density of the fibers. Such densifying agents
can be applied to the fibers in the same manner that the binders described above are applied ta fibers. In addition to
the methods for densifying fibers described above, the advantages of this aspect of the present invention also apply
1o densification of the fibers in a bale former.

[0118] Organic densifying agents that are usefu! include the organic polymeric and non-palymeric binders described
above. When such binders are employed as densilying agents, it is not necessary that the molacules contain function-
ality to bind particles. Hence, organic molecules containing only one hydrogen bonding functionality may be useful as
a densifying agent. Although the densifying agents are not required lo bond to the fibers, In preferred embodiments
they de bond to the fibers. in addition to the binder functionalities expressly described above, binders that are useful
as densilying agents may also include sulfonamide or phosphoramide functionalities. At this time, preferred non-pol-
ymeric organic denaifying agents include sorbitol, glycerin, propylene glycol, and mixtures thereof. In accordance with
this aspect of the present invention, tho organic densilyling agents can be applled to the fibers In.an amount ranging
from about 0,1% Lo aboul 30% by weight based In the combined weight of the fibers and densifying agent.

[0119] In addition to improving the densification properlies of the fibers, it has also observed that the preferred den-
sifying agents sorbitol and glycerin improve the softness of the fibers and articles containing the fibers before and after
densification. The organle acld, lactic acid, while not Improving the densifiability of fibers when applied thereto has
boen observed to sollen [ibers troated therewith. Softness relates to stiffness of the fibers or articles containing the
fibers, the drape or hand of articles including the fibers. Another aspect of softness relates to abrasiveness or lack
thereof of a fiber or article containing the fiber, Compressibillly Is another aspect of softness. Various tests exist to
cvaluate some of these aspects of softness, including Gurley stiffness, Taber stittness, measurements of coefficients
of friction. handlometers, and the like. It should be understood that none of the lests fisted abovo completely quantifies
or evaluates softness or fibers or articles containing fibers; therefore subjactive testing is also done to assess the
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softness of a material.

{0120] In addition to the polymeric and non-polymeric organic densifying agents described above, the present in-
ventors have also observed that some inorganic materials also improve the densifiability of fibers to which the agents
are applied. As with the organic densifying agents, the inorganic densifying agents generally include, but are not limited
to those characterized by a densily greater than the density of the dry fibera. In eddition, tha inorganic densifylng agents
when addaed to the fibers will increase the mass of the fibers without appreciably affecting the volume of the fibers. The
inorganic densifying agents may increase tha mass without appreciably affecting the volume of the fibers by occupying
the preexisting spaces within the fibers, such as the lumen. pores, and the like. Preferably, any Increasc in volume of
the fibers caused by the addition of the densilying agent will be less than the increase in mass of the [ibers, such that
the density of the fibers in incieased.

[0121} Examples of incrganic densifying agents which may have a density greater than the fibers and that will in-
crease the mass of the fibers without appreciably affecting the volume of the fibers include inorganic acid salts in which
the cation is monovalent, such as alkali matal, ammonium, or substituted ammonium (such as mono-, di-, tri-, or tetra-
atkyl substituted ammonium, with the alkyl groups having from one to six carbon atoms, for example, triethyl or trimathy!
ammonium, tetramethy! or tetraethyl ammanlum). Sultable densifying agants Include alkali metal, ammonium, or sub-
slituled ammonium salts of pyrophosphates, hexametaphosphates, tripolyphosphates, hypophosphates, polyphos-
phoric acid. ethylenediaminetetraacetic acid, hydroxyethylidenediphosphonate: and aminotri-{methylenephespho-
nalo}. Specific densilying agents include sodium hypophosphate tetrapotassium pyrophosphate, and tetrasodium py-
rophosphate. Tetrasodium pyrophosphate and tetrapolassium pyrophoephaie are particularly useful. Other specific
densifying agents include sodium hexametaphosphate. sodium salt of ethylenediarninetelraacetic acid, sodium
polyphosphate. sodium salt of diethylenetriaminepentaacetic acid, sodium sait of hydroxyethylethylenedianiinetriacetic
acid, and sodium salt of dihydroxyethylglycine. Still other densifying agents include alkali metal. ammonium or substi-
tuted ammonium salls of oxalates. phosphales, and tungslates. Sodium oxalate, dibasic sedium phosphate and sedium
tungslate are particularly usefu!l. Mixtures of the foregoing densifying agents are aiso useful. In accordance with this
aspect of the present invention the inorganic denslfying agents can be applied in an amount from about 1.0% te about
50% by weight based on the fibers and densifylng agent.

[0122] Without intending to limit the scope of the present invention. one possible explanation for the effecl the den-
sifying agents have on the densifiability and eoftnese of the fibers can be expiained by considering the hydrogen bonding
that occurs between cellulose molecules within a cellulose fiber and within a specliic cellulose molecule. The densifying
agents when applied to the fibers may disrupt or promote the digruption of existing hydrogen bending belween cellulose
molecules or within a given cellulose molecule. In other words, the densifying agent may occupy sites on the cellulose
molacule that would otherwise form hydrogen bonds within the molecule or with other cellulose molecules.

[0123] With respect lo the inorganic densifying agenis, such as TKPP, another possible explanation for the effect
the inorganic densilying agent has on the densiliability and softness of 1he fibers or articles containing the fibers rclates
1o TKPP's hygroscopic propery wherain it attracts moisture from the surrounding environment into the fibers which
have been ireated with TKPP. This moisture may disrupt or participate in the disruption of hydrogen bonding between
cellulose melecules or within & cellulose molecule as explained above. In addition to increasing the densifiability of
fibers. ihe present inventors have also observed that TKPP softens the fibers when applied thereto. Other inorganic
densifying agents that are hygroscopic and may also soften the fibers include many alkali metal, ammonium, or sub-
stituted ammonium salis of pyrophesphates, hexametaphosphates, tripolyphosphates, hypophosphates, potyphos-
phoric acid, ethylencdianlinetetraacetic acld, hydroxyethylidenediphosphonate; and aminotri-(methylenephospho-
nate). Specific hygroscopic densifying agents include scdium hypophosphate, letrapotassium pyrophosphate, and
disodium phosphale. Tetrapolassium pyrophosphate is particularly useful. Other specific, densifying agents that are
hygroscopic include sodium hexametaphosphate and potassium salt of ethylenediaminetetraacetic acid. Mixtures of
hygroscopic and non-hygroscopic densifying agents are also usefut. !

[0124] The advantages of this aspact of the prasent invention extend lo preducts in composition that include fibers
treated with a densitying agent as described above where no particulale material, such as super rbsorbent is prasant
[0125] The following examples illustrate how the application of a densiying agent to pulp fibers yields a product that
is easier to density than the same untreated pulp fibers.

EXAMPLE &

[0126] A sampie of NB 416 pulp sheet (available from Weyerhaeuser Company, Tacoma, Washington) was sprayed
with different levels of glycern, while passing through a slittar/rewind apparatus, to produce several rells of material
that comprise different levels of pulp and glycerin. The pulp sheets were then fed into a commearcial sized hammermill
connacted to a pocket former and an aduit incontinent product manufacturing line. During the final stage of manufacture,
the products made from these pulps treated with various levels of glycerin were passed through a set of debulking rolls
sel to a constant pressure for the entire range of materlals. The finished products were then opened up and the denslties
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of the core malerial was tested, Results are as foliows:

Sample Basls Weight (g/ Denslty (g/

m2) cm3)
0% Glycerin 673 0173
5% Glycerin 730 0.192
6% Gilycerin 701 0.162
7% Glycerin 767 0.199
8% Glycerin 673 0.228
9% Glycerin 721 0.237
9% Glycerin (aged) 653 0.282

[0127] The percentages given above are weighl percent glycerin based on the dry weight of pulp fibers. The 9%
aged glycerin sample had glycetin applied to 1he puip sheet approximately three months prior to leeding to the com-
mercial sized hammermill. These resulls demonstrate that increasing levals of glycerin on pulp fibers yield products
with increasing densities for a given set of densifying conditions. Based on the results for the aged sample. it is believed
that the additional time allowed for additicnal hydrogen bend disruption within the cellulose fibers.

EXAMPLE 7

[0128] This example illusirates how adding other densilying agents, along with glycerin produces a product that is
easier to density than untreated pulp fibers.

[0129] A sample of NB 416 pulp sheet (avallable from Weyerhaeuser Company. Tacoma, Washington) was sprayed
with a solution of 33% lactose and 6§6% glycerin so that the resulting product was comprised of 91% O.D. (i.e. oven
driad) pulp and 9% mdditive. A second sample of pulp shaet wasa gprayad with a solution of 50% glucose and 50%
glycerin to oblain a product with similar add-on leveis. These products were then, in turn, processed in a manner similar
{o that deseribed in Example 38. Measurement of the core densities of the products made from these materials yielded
the following results:

Sample Basls Welght (g/ Density (g/
m2) cm?)
0% Glycerin 673 0.173
3% Lactose/6% Glycerin 689 0.263
4.5% Glucose/4.5% Glycerin 751 0.228

[0130] These resulls demonstrate that densifying agents in addition to glycerin on pulp fibers vield products with
increased densities for a given sel of densification conditions.

EXAMPLE 8

[0131} This example illustrates how adding cther densifying agents, by themselves, also produces a product that is
easier to density than an untreated pulp.

[0132] Samples of NB 416 pulp sheet (available from Weyerhaeuser Company, Tacoma, Washington) were freated,
by passing through a roll coaling device, with soluticns of 70% sorbitol; 64% sorbitol and 6.4% lactic acid; and 51.2%
sotbilol. 12.8% tetrapotassium pyrophesphate. and 6.4% lactic acid reepectively 1o produce sheets with 8%-9% add-
on levels of densifying agent per sample. The sheels were then alr dried over night and the treated pulp sheels were
then fed into a Fitz hammermili fitted with a 6-45cm?2 (1 in2) square holed screen, shunted to an air lay machine {an M
& J air lay machine [rom the M & J Company, Horsens, Danmark) and air laid into a web. Similar samples were made
from an untreated pulp sheet and one treated with 9% glycerin alone. All three of the sample webs and the iwo control
webs were then passed through a set of debulking rolls set to a pressure of 1.72x10%Pa (25 psiand the denslties of
the resulting materials was determined with the following results:

Sample Basis Welght {g/m?)
0% Glycerin 176

Density (g/lem3)
0.1270
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(continued)
Sample Basls Weight {g/m?) | Denslity {g/cm3)}
9% Glycerin 168 0.2242
9% Sorbltol 167 0.1904
8% Sorbitol/19% Lactic acid 178 0.1386
6% Sorbitol/2% Poiassium Pyrophosphate/ 1% Lactic acid 172 0.1719

[0133] These results clearly demonstrate thal other densifying agents on pulp also yield producis with increased
densities for a given set of processing conditions.

EXAMPLE 9

[0134] This example illustrates how the method of adding glycerin to aome crosslinked pulps yields a product that
is easier to density than a corresponding untreated crosslinked pulp.

[0135] 300 gram samples of HBA and HBAFF (crosslinked pulpe produced by Weyerhaeuser Company, Tacoma,
Washington) were sach air entrained in a blenderiike mixing device and 33 grams of glycerin dissclved in 50 millilltera
of deionized water was sprayed onto the pulp. In each case, the mixer was stopped, the product was vacuumed out
and allowed to dry overnight. Ten grain samples of the freated pulps and ten gram samples of the corresponding
untreated pulps were air laid into 6 inch diameter pads in a laboralory pad former then pressed at 4-8x10%Pa (700 psi)
for one minute. The thickness of the resulting pads was determined and densities were calculated with the following
rasults:

Sample Basls Weight (g/ Density (o/
m2) cm?)
HBAFF 542 0.206
HBAFF/10% Glycerin 520 0.285
HBA 529 0.128
HBA/10% Glycerin 521 0.0842

[0136] These results show that in the case of HBAFF, addition of the glycerin gives a product that is more aasily
deneified for a given set of densifying conditions.

[0137] The following exampie demonstrates how the application of certain densifying agents in accordance with the
present inventlon on pulp yleld products with improved softness for a glven set of processing conditions.

EXAMPLE 10

[0138] This example illustrates how certaln densifying agents affect the stiffness which Is one aspect of the softness
of an air laid web of fibers treated with a densifying agent.

[0139] A sampie of NB 416 pulp sheet (available [rom Weyerhaeuser Company, Tacoma, Washinglon) was treated,
by passing through a roll coating device to coat the pulp sheet to 5.8% weight (of a mixture of equal amounts of sorbitol
and lactic acid) based on the mass of the fibers and added densifying agants. Another sample of NB 418 was sprayed
with a solution of 50% TKPP to a Ievel of 5% TKPP based on the mass of the fibers and TKPP. The sheels were then
air dried over night and the treated pulp sheets and an untreated contirol were then fed into a Fitz hammermill fitted
with a 6.45cm? (1 in?) square holed screen. while simuttanecusly adding IM 3900 (a superabsorbent available from
Hoechst Celanese. of Portsmouth, VA) at a rate to produce a material that was 60% treated fiber and 40% IM 3900.
This mixture was shunted Lo an air Jay machine (an M & J air lay machine from the M & J Company. Horsens. Denmark)
and air laid Into webs. Samples of each of the wabs were placed in a flat prass and pressed to obtaln an equivalent
density. Press conditions were adjusted so that all the samples were densified to approximately equa! densities. The
Gurley Stiffness lost was then performed on each of Lhe pressed samples with the following results:

Sampie Density (g/cm?)} | Gurley Stiifness
NB 416 0.141 131.7
5.8% SorbitoVLactic acid 0.145 96.2
5% TKPP 0.138 125.1
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[0140] The results demonstrate how densified air laid webs of pulp fibers treated with cerlain densifying agenls are
less stiff than correeponding densified air laid webs of untreated pulp fibers. This stifiness date when evaluated in
combination with other qualities of the web such as compressibility, pressure required to achieve the given density,
and drape, give some Indication that the treated fibers are softer than untreated fibers.

EXAMPLE 11

[0141] This example illustrates how a densifying agent added to pulp fibers produces material with increased mass
without an appreciable increase in volume,

[0142] A sample of NB 416 pulp sheet {available from Wayerhaeuser Company. Tacoma, Washington) was treated,
by passing through a roll coating device to coat the pulp shect to 9% glycerin based on the mass of the fibers and
glycerin. Another sample of NB 416 was sprayed with a solution of 50% TKPP to a level of 5% TKPP based on the
mass of the fibers and TKPP. The sheets were then air dried over night and the trealed pulp sheets and an untreated
contral were then fed into a Fitz hammemill fitted with a 6.45em? (1 in) square holed screen. while simuttaneously
adding IM 3900 (a superabsorbent available from Hoechst Celanese, of Portsmouth. VA) at a rate to produce a material
that was 60% treated liber and 40% IM 3900. This mixiure was shunted to an air lay machine {an M & J air lay machine
from the M & J Company, Horsens, Denmark) and air laid into webs. Each of the webs had a basis weight of approx-
imately 375 grams/meter2. The undensified webs were then calipered and denslties were calculated.

Sample Callper (mm) | Density (g/em3)

0% Glycerin 4.1 0.091
9% Glycerin a6 0.104
5% TKPP 28 0.134

[0143] The results demonstmte shows how air laid webs made from fibars treated with cartain densifying agents
exhibit a decreasad caliper for the same mnass of fibers,

Claims
1. A method for producing fibers which can be densified comprising:

providing fibers that have hydrogen bonding functional sites, said fibers densifying to a first density when
compressed under a first eet of conditlons; and

applying densifying agent 1o the fibers in an amount effective to provide fibers having the densilying agenl
applied thereto that densify to a second density when compressed under the first sel of condilions with no
particulate material present, the second density being greater than the first density;

wherein the densifying agent comprises (a) polymearic matcrials with repealing units, wherein each repeating
unil has a functional group capable of forming a hydrogen bond with a fiber and the polymeric material is selected
from the group consisting of polyglycol, a polycarboxylic acld. a palycarboxylate, a poly{lactone) polyol, a polya-
mide, a polyamine, a polysulfonic acld, a polysulfonate acid and combinations thereof; or (b) non-polymeric organic
materials with a functional group capable of forming a hydrogen bond with a fiber and the non-polymeric organic
material includes a functionality selected from the group consisting of a carboxyl, a carboxylate, a carbonyl, a
sulfonle acid. & sulfonate. A sulfonamide. a hydroxyl, a phosphoric acld, a phosphate, a phosphoramide, an amide,
an amine and combinations thereaf.

2. The method of Claim 1. wherein the densifying agent has a volatility less than water.

3. The method of Claim 1 or Claim 2, wherain the densifying agent comprises glycerin. sorbitol, ethylene glycol,
bulylene glycol, trimethylene glycol, propylane glycol, or combinations thereof.

4. The method of Claim 1 or Claim 2 whercin the denslifying agent is a dicl.

5. The method of any one of Claims 1-4, wherein the densifying agent is applied in an amount ranging from 0.1% to
30.0% by weight based on the weight of dry fibers and densifying agent.

24

425



10

15

35

40

55

10.

11.

12,

13.

14,

15.

16.

17.

18.

19.

20,

21,

EP 0 745 160 B1

The method of any preceding claim, further comprising densifying the fibers having the densifying agent applied
thereto by applying external pressure on the fibera.

The method of Claim 6, further comprising the step of forming the libers into a web. sheet (32) or bale (44) before
densilication such lhat the web, sheet {32)or bale (44) is densiffed by applying external pressure on Lhe web, sheet
or hale.

The methed of Claim 7, wherein the densifying step comprises applying external pressure on the web or sheet
(32) by passing the web or sheet (32) through a nip of a calendar roll (24,26).

The method of Claim 7, wherein the densifying stop comprises applying external pressure on the web or sheet In
a preses.

The method of Clalm 7, wherein the densifying step comprises applying external pressure on the bale (44) In bale
form.

The method of any preceding claim, wherein the flbers are wood pulp fibers.
The method of any preceding claim, wherein the fibers include intra-fiber crosslinks.
A mase of fibers which can be densified comprising:
fibers having hydrogen bonding functional sites, said fibere densifying to a first densily when compressed
under a first set of conditions;
densifying agent in an amount effective to provide {ibers having the densifying agent applied thereto that
densify to a second density when comprassed under the first set of conditlons with no particulate material
present. the second density being greater than the first density;
wherein the denslilying agent comprises (a) polymeric materials with repeating units, wherein each repeating
untit has a funclional group capable of forming a hydrogen bond with a fiber, and the pelymeric malerial is selected
Iromthe group consisting of polyglycol a polycarboxylic acid, a polycarboxylate, a poly{lactonc) polyol, a polyamide,
a polyamine. a polysulfonic acid, a polysulfonate, and combinations theraof; or (b) non-polymeric organic materials
with a functional group capable of forming a hydrogen bond with a fiber and the non-polymeric organic material
includes a functionality selected from the group consisling of a carboxyl, a carboxylale, a carbonyl, a sulfonic acid.
a sulfonate, a sulfonamide, a hydroxyl, a phosphoric acid, a phosphate, a phospheramide, an amide, an amine,
and combinations thereof.

The mass of fibers of Claim 13, wharein the densifying agent comprises glycerin, sorbitol. ethylene glycol, butylene
glycol. trimethylene glycol, propylene glycol and combinations thereof.

The mass of fibers of Claim 13 wherein the densifying agent is a diol.

The mass of fibers of Claim 13, Claim 14 or Claim 15, wherein the densifying agent is applied in an amount ranging
from 0.1% to 30.0% by weight based on the welght of the dry fibars and densilylng agenl.

The mass of fibers of any of clairms 13-16, wherein the fibers are wood pulp fibers.
The mass of fibers of any of claims 13-17, wherein the flbers Include Intra-flber crosslinks.
An article compriging the maes of fibers of Claims 13,14,17 or 18.

The atticle of Claim 19 consisting of dlaperﬁ {100,550). incontinent devices, bed pads, wipes. feminine hygiene
products or bandages(430).

The article of Claim 19, wherein the article (410) is absorbent.
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Revendications

1.

10.

11,

12.

13

Procédé de production de fibres qui peuvent atre densifiées, comprenant :

l'apport de libres qui possadent des sites fonclionnels 4 liaison hydrogane, lasdiles fibres se densifianl & une
premidre densité quand elles sont comprimées selon un premier ensemble de conditions : et

I'application d'un agent de densification des fibres en une quantité efficaca pourfournirdes fibres surlesquelles
ost appliqué 'agent de densification, qul se densifient & une seconde densiié quand elles sont comprimées
sous le premier ensemble de conditions sans présence de matiére particulaire, la saconde densité éiant su-
périaure & Ia premiére densité :

dans laguelle 'ageni de densification comprend (a) des substances polyméros avec des motifs répétds, dans
lesquelles chaque motif répélé posséde un groupe fonctionnel capable de former une liaison hydrogéne avec une
fibre. et la substance polymére est choisie dans le groupe constitué par le polyglycol, un acide polycarboxylique,
un polycarboxylate, un pelyol de (poly)lactone, un polyamide, une polyamine, un acide polysulfenique, un acide
polysulfonate, et des combinaisone de ceux-ci ; ou {b) des substances organiques non polyméres avec un groupe
fonctionnel capable de former une linison hydrogane avec une fibre, et la substance crganique non polymére
comprend une fonctionnalité choisie dans le groupe constitué par un carboxyle, un carboxylate, un carbonyle, un
acide sulfonique, un sulfonate, un sulfonamide, un hydroxyle, un aclde phosphorique, un phosphate, un phospho-
ramide. un amide, une amine el des combinaisons de ceux-ci.

Procédé sclon la revendicatlon 1, dans lequel 'agent de densification a une volatilité inférieure & I'eau.

Procédé selon la revendication 1 ou la revendication 2, dans laquel 'agent de densification comprend la glycérine,
le sorbitol. I'éthyléneglycol. le butyléneglycol, le triméthyléneglycol, le propyléneglycol, ou das combinaisons de
ceux-ci.

Procédé selon la revendication 1 ou la revendication 2, dans lequel I'agent de densification est un diof.

Procédé selon 'une quelconque des revendications 1 A 4, dans lequel I'agent de densification ost appliqué en une
quaniité allant de 0,1 4 30,0% en poids, en se basant sur le poids des fibres séches et de 'agent de densification.

Procédé selon l'une quelconque des revendications précédentes, comprenant en ouire |a densification des fibres
sur lesquclles est appliqué 'agent de densification en appliquant une pression externe sur les fibres.

Procédé selon la revendication 6, comprenant en outre 'étape de formation des fibres en une toile, une feuille
(32) ou une balle {44} avant |a densification. de telle maniére que latoile. la feuille (32) ou la balle (44) est densifida
par application d'une pression extemne sur la toile. 1a feuille ou la balle.

Procédé selon la revendication 7, dans lequel I'élape de densification comprend I'application d'une pression ex-
terne surlatoile ou la feuille (32) en passant la toile ou la feuille (32) & travers un espacement d'un roulcau presseur
(24, 26).

Procédé selon la revendication 7, dans lequel I'dtape de densification comprend I'application d'une pression ex-
terne sur la toile ou Ia feuille dans une presse.

Procédeé selon ia revendication 7, dans lequel I'élape de densification comprend I'application d'une pression ex-
terne sur la balle (44) sous forme de balle.

Procédé selon l'une quelconque des revendications précédenies, dans lequel les fibres sont des fibres de pate
de bois.

Procédé selon l'une quelconque des revendications précédentes, dans lequel les fibres comprennent des réticu-
lations intra-fibres.

Masse de fibres qui peuvent &ire densifiées, comprenant :

des fibres qui possédent des sites fonctionnels 4 liaison hydrogéne, lesdites fibres se densifiant & une pramiare
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densité quand elles sont comprimées sous un premier ensemble de conditions :

un agenl de densification en une quantité eflicace pour fournir des (ibres sur lesquelles est applique 'agent
de densification, qul se densifient & une seconde densité quand elles sont comprimées sous le premier en-
semble de conditions sans présence de matiére particulaire, la seconde densité étant supérleurs & la premiére
densilé :

dens laquells I'agent de densification comprend (a) des substances polymbres avec des molifs répétés, dans
lesquelles chaque motif répété possiéde un groupe fonctionnel capable de former une liaison hydrogéne avec une
fibre, et la substance polymara ast choisie dans le groupa constitué par le polyglycol, un acide polycarhoxylique,
un polycarboxyiate, un polyol de (poly)lactone, un polyamide, une polyamine, un acide peolysulfonique. un poly-
sulfonate et des combinaisons de ceux-cl ; ou (b) des substances organiques non polyméres avac un groupc
fonctionnel capable de former une liaison hydrogéne avec une fibre, et la eubstance organique non polymére
comprend une fonctionnalité choisie dans le groupe constitué par un carboxyle, un carboxylate, un carbonyle, un
acide sulfonique. un sulfanate, un sulfonamide. un hydroxyle, un acide phosphorique, un phosphate, un phospho-
ramide, un Amide. une amine, et des combinaisons de ceux-ci.

Masse de fibres selon la revendication 13, dans laquelle I'agent de denslfication comprend la glycérine, le sorbitol.
I'éthyléneglycol, le butyleneglycol, le triméthyléneglycol, le propyléneglycol, et des combinaisons de ceux-ci.

Masse de fibreg selon la revendication 13, dans laquelle I'agent de densification est un diol.
Masse de fibres selon la revendication 1.3' la revendication 14, ou la revendication 15. dans laquelle I'agent de
densification est appliqué en une quantité allant de 0,1 & 30,0% en poids, en se basanl sur lc poids des fibres

séches et de 'agent de densification.

Masse da fibres selon l'une quelcongue des revendications 13 & 16. dans laquelle les fibres sont des fibres de
péte de bois.

Masse de fibres selon I'une quelconque des revendications 13 & 17, dans laquelle les fibres comprannent des
réticulations intra-fibres.

Article comprenant la massa de fibres des revendications 13, 14, 17 cu 18,

Article selon la revendication 19, comprenant des couches de bébé {100, 550), des dispositifs d'incontinence, des
coussins de It. des lingelles, des produits hygiéniques féminins, ou des bandages (430).

Article selon Ia revendication 19, dans iequel l'article (410) est absorbant.

Patentanspriiche

1.

Verfahran fiir die Herstellung von Fasem. die verdichtet waerden kdnnen und das folgende Schritta umfasst:

die Bereitstellung von Fasem mit funktionellen Wasserstoff bindenden Stellen, wobei diese Fasern auf einen
ersten Dichtowert verdichtet werden, wenn sie unter ersten Verfahrensbedingungen komprimiert werden: und
Vermischung dieser Fasern mit einem Verdichtungsagens in einer Menga, die ausreicht, um die mit dem Ver-
dichtungsagens vermischten Fasern auf einen zweiten Dichtewert zu verdichten, wenn sle unter den grstan
Verfahrensbedingungen in Abwesenhelt von Partikeln komprimicrt werden, wobei der zweite Dichtewert hher
ist, als der erste Dichtwent,

dadurch gekennzeichnet, dass

das Verdichtungsagens (a) cin Polymer mit wiederholenden Einhelten aufweist, und jede der wiederholenden
Einheilen eine funktionelle Gruppe aufweist, welche dic Bindung von Waseerstoll mit den Fasern bewirken kann,
und das Polymer aus der Gruppe ausgewéhlit wird, die folgendes umfasst: Polyglycol, eine polyhomocycklische
Siure, ein Polycarboxylat, eln Poly(lacton) Polyol, eln Polyamid, ein Polyamin,, sine Polysulfonséure, eine Poly-
sulfonatséure und deren Kombinatlenen; oder (b} nicht polymerische organlsche Materialien mit einer funktionellen
Gruppoe. die féhig ist, eine Bindung von Wasserstoff mit der Faser herzusiellen, und das nichi polymerische Malerial
eina Funktionalitat aufweisl. dle aus der Gruppe ausgewdhit wird, dle folgendes umfasst: ain Carboxyl, ein Car-
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boxylat, ein Carbonyl, cine Sulfonsdure, ein Sulfonal,, ein Sulfonamid, ein Hydroxyl, eine Phosphorséure, ein
Phosphat, ein Phosphoramid, ein Amid. ein Amin und deren Kombinationen.

Verfahren nach Anspruch 1,
dadurch gekennzelchnet, daes
das Verdichtungsagens eine Fliichtigkeil hat, die geringer ist, als die Flichtigkeit von Wasser.

Vertahren nach einem der Anspriiche 1 oder 2,

dadurch gekennzelchnet. dass

das Verdichtungsagens Glycerin, Sorbitel. Ethylenglycol, Butylenglycol. Trimethylenglycol. Propylenglycol oder
deren Kombinationen enthilt.

Verdahren nach einem der Anspriche 1 oder 2,
dadurch gekennzeichnet. dass
das Verdichtungsagens cin Diol ist.

Verfahren nach einem der Anspriiche 1 bls 4,

dadurch gekennzeichnet, dass

das Verdichlungsagens in einer Menge zwischen 0,1 Gew-% und 30,0 Gew.-% bezogen auf das Trockengewicht
der Fasem und des Verdichtungsagens beigemischt wird.

Verfahren nach einem der vorausgegangenen Anspriiche.

dadurch gekennzeichnet, dass

die mit dem Verdichtungsagens vermischten Fasern durch die Beaulschlagung eines &uBBeren Druckes auf die
Fasern weiter verdichtat werden.

Verfahren nach Anspruch 6,

dadurch gekennzeichnet, dass

es einen weiteren Schritt enthiilt. in dem die Fasern vor der Verdichtung In Form eines Gewebes, in Bahnen (32)
oder Ballen (44) so geforml werden, dass das Gewebe, die Bahnen (32) oderder Ballen (44) durch Beaufschlagung
eines duBeren Druckes aul dieses Gewebe, diese Bahnen oder diesen Ballen verdichtet werden.

Verfahran nach Anspruch 7,

dadurch gekennzelchnet, dass

der Schriit der Verdichtung die Beaufschlagung eines &uf3eren Druckes aufl das Gewebe oder die Bahn (32) da-
durch durchgefiihst wird, dass das Gewebe oder die Bahn (32) durch die Spannbacke einer Kalanderwalze (24,
26) gelsitet wird.

Verfahren nach Anspruch 7,

dadurch gekennzelchnet, dass

der Schritt der Verdichtung die’ Beaufschlagung eines dufleren Druckes auf das Gewebe oder die Bahn in einer
Presse beinhaitet.

Verfahren nach Anspruch 7,
dadurch gekennzelchnet. dass
der Schritt der Verdichtung die Beaufschlagung eines duferen Druckes auf den Ballen (44) beinhaltet.

Verfahren nach cinern der vorausgegangenen Anspriiche,
dadurch gekennzelchnet, dass
die Fasern aus Holzstofifasern bestehen.

Verfahren nach einem der vorausgegangenen Anspriiche,
dadurch gekennzeichnet, dass
die Fasern interne Vernetzungen aufweisen.

Fasermasse, die verdichtet werden kann,

dadurch gekennzelchnet, dass
sie folgendes enthélt;
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die Bereitstellung von Fasem mit funktionellen Wasserstoff bindenden Stellen, wobei diese Fasern aul einen
ersien Dichtewert verdichtel werden, wenn sie unter ersten Verfahrensbedingungen komprimiert werden;
Vemmischung der Frsern mit einem Verdichtungsagens in einer Menge, die ausrelcht, um die mit dem Ver-
dichtungsagens vermischten Fasern auf einen zwelten Dichtewert zu verdichten, wenn sie unter den ersten
Verfahrensbedingungen in Abwesenheit von Partikeln komprimiaert werden, wobei der zweite Dichtewer héher
ist. als der erste Dichiwert;

wobei das Verdichtungsagens (a) ein Polymer mil wiederhclenden Einheiten aufweist. und jede dieser wicderho-
lenden Einheiten eine funktionelle Gruppe aufweisl, welche die Bindung von Wassersto!l mil den Fasern bewirken
kann, und das Polymer aus der Gruppe ausgewdhht wird, die folgendes umfasst: ein Polyglycol. eine polyhomeo-
Zyklische Sdure, ein Poly{lacton)Palyol, eln Polyamid, ein Potyamin, eine Polysulfonsdure, ein Polysulfonat und
dercn Kombinationen; oder (b) nicht polymerische organische Materialien mit einer funktionellen Gruppe. die féhig
ist, eine Bindung von Wassersioff mit der Faser herzustellen, und das nicht polymerische Material eine Funktio-
nalitdt aufweist, die aus der Gruppe ausgewdhit wird, die folgendes umfasst: ein Carboxyl, ein Carboxylat, ein
Garbonyl, eine Sulfonsdure, eln Sulfonat,, ein Sulfonamid, ein Hydroxyl, eine Phesphorsdure, eln Phosphat, ein
Phosphoramid. ein Amid, ein Amin und deran Kombinationen.

Fasermasse nach Anspruch 13,

dadurch gekennzeichnet, dass

das Verdichtungsagens Glycerin, Sorbitol, Ethylenglycol. Butylenglycol, Trimethylenglycol, Propylenglycol oder
deren Kombinationen enthélt.

Fasermasse nach Anspruch 13,
dadurch gekennzeichnet, dass
das Verdichtungsagens ein Diol ist.

Fasermasse nach einem der Anspriiche 13,14 oder 15,

dadurch gekennzelchnet, dass -

das Verdichtungsagens in einer Menge belgemischt wird, dle zwischen 0,1 Gew.-% und 30,0 Gew.-% bezegen
aul das Gewicht der irockenen Fasem und des Verdichtungsagcns liegl.

Fasermasse nach ¢inem der Anspriiche 13 bis 16,
dadurch gekennzelchnet. dass
die Fasern aus Holzlasern bestehen,

Fasermasse nach ginem der Anspriiche 13 bis 17,
dadurch gekennzelchnet, dass
die Fasemn interne Vemnelzungen aufweisen.

Artikel,
dadurch gekennzelchnet, dass
er die Fasermasse nach einem der Anspriiche 13,14,17 oder 18 aufweist.

Artikel nach Anspruch 19,

dadurch gekennzeichnet, dass

er aus Windeln (100, 500), Inkontinenzwindaln. Betleinlagen, Wischtiichern, Hygieneprodukten fir Damen oder
Bandagen (430) besteht.

Artikel nach Anspruch 18,

dadurch gekennzeichnet, dass
der Artikel (410) aus einem absorbierenden Material besteht.

29
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Beschrelbung

Die Erfindung betrifft sinen hygienischen Zellstoffartikel wie beispielsweise eine Windel, sine Kranken-
unterlage, eine Damenbinds, eine Slipeiniage oder dergl.. Derartige Zellstolfartikel sind bekannt; sie weisen
ain oder mehrere Saugkissen auf, welche aus Zelistoff bastehen und in aller Regel Zusiitze an Quelistoffen
und gegebenanfalls Hillsmaterialien haben. Die Artikel sind meist mit einer oberen flilssigkeitsdurchléssigen
Abdeckung ausgerlstet und sie haben eine untere flussigkeitsdichte Schicht oder Einlage. Die obers
flissigkeitsdurchl3ssige Abdeckung kann auch entfallen, wenn 2zumindest die obare Schicht des Saugkor-
pors derart verfastigt ist, daB der Saugkdrper nicht mehr flusen kann. Eine solche Verlestigung kann durch
Zusatz von thermoplastischen Fasern und anschlieBender zumindest oberlldchlicher W#rmebehandlung
horbeigefiihrt werden.

Auch die untere flUssigkeitsdichte Schicht oder Einlage kann notfails entfallen; sie wird aber in don
meisten Fillen vorhanden sein.

Der Zusalz der erwiihnten Quelistotfe hat den Zweck, das Flissigkeitsaulnahmevermégen des Artikels
2u vergriBem. Als Quoelistoffe werden heute meist synthetisch hergesteilte Polymere verwendel. welche in
der Lage sind, unter Vergr&Berung ihres Volumens, erhebliche Mengen Flilssigkeit aufzunehmen. Es
kommen hierzu Stoffe wie Polyacrylate, Pfropipolymerisate aus Stirke und Acrylsdure oder dhnliche
Verbindungen in Betracht, welche in der Literatur eingehend beschrieben sind. Als Fundstellen werden
beispielsweise die amerikanischen Patentschriften US-A-4 382 919, US-A 3 964 486 sowie US-A-3 669 103
genannt. Eine weitere Fundstelle ist die europlische Paientanmeldung EP-A-202 167.

Hygienische Zellstoffartikel der hier genannten Art weisen gegebenenfalls auch noch Hilfsmaterialien
auf; hierunter sind solche Stoffe zu verstehen, dis entweder den als Saugstoff wirkenden Zellstoff ganz oder
teilweise erselzen sollen, wie beispielsweise beslimmile Schaumstoffe, insbesondere hydrophile Polyureth-
anschiume oder die den Zweck haben, den pH-Wart des Saugkissens, der sich bei Baneizung mit Wasser
oder physiologischen Fliissigkeiten einslellt, in den leicht sauren Bereich zu verschieben. Es hat sich dies
als vorteilhaft erwiesen, da im sauren Bereich das Wachstum der meisten Mikroorganismen gehemmt oder
unterbunden ist, so daB die Windel durch diese Zusltze zumindest fir eine begrenzte Zeit gegen den
Abbau der in ihnen gespeicherten K8rperfillssigkeiten stabilisiert ist. Der Zusatz derartiger saurer Hilfsstoffa
ist in der bereils genannten europlischen Patentanmeldung EP-A-202 127 beschrieben, aber auch in der
deutschen Offenlegungsschrift DE-A-20 27 809.

Es sind bersits zahlreiche Versuche unternommen worden, hygianische Zellstoffartikel sowohl mit pH-
Woert-regulierenden Stoffen, beispielsweise Zitronensdure als auch mit Quellstoffen auszurlisten. Dabei hat
sich jedoch gezeigt, daB das Flussigkeitsaufnahmeverm@gen der bekannten Queilstoffe stark erniadrigt
wird, wenn der pH-Wert der Saugk&rper in denjenigen Bereich gerlickt wird, der aus physiologischen
Griinden erforderlich ist, nfimlich in den pH-Bersich unter 6,0, vorzugsweise in den Bereich von 5,0 - 6,0.
Um den dadurch 1esultierenden Schwierigkeiten auszuweichen, wird in der europédischen Patentanmeldung
EP-A-202 127 vorgeschlagen, den Saugkdrperbereich eines derartigen Artikels in zwei Bereiche zu
unterteilen, von denen einer die erwlinschten Quellstoffe enthéilt, daflr aber frei von pH-Wert-regulierenden
Zusitzen ist und von denen die Ubrigen Bereiche quellstofffrei sind, statt dessen aber pH-Wert-regulierende
Stoffe aufweisen.

Es liegt auf der Hand, daB ein derartiger Aufbau eines hygienischen Zellstoffartikels, beispielsweise
einer Windel, technisch aufwendig ist und das Produkt verteuert. Als weiterer Nachteil ist zu nennen, daB
das Produkt an denjenigen Stellen an denen sich die Bereiche liberlappen auch dicker wird, was zu einer
Minderung des Tragekomlorts flihrt. Am wichtigsien ist indes der Umstand, daB der pH-gepufferts Bereich
nur aul den quellistofifraien Bereich, in dem sich die Puffer-Substanz befindet, beschrinkt ist.

In der FR-A-2,513.875 werden Puffersubstanzen aingesetzt, die den pH-Wert auf £ 4,5 einstellen. Diese
Puffersubstanzen wirken aber nicht als Quelistoffe.

Der Erfindung liegt die Aufgabe zugrunde, die bekannien hygienischen Zellstoffartikol, wie Windeln,
Krankenunierlagen, Damenbinden, Slipeinlagen oder dergl. dahingehond weiter zu verbessern, daB sie
sowohl die erwiinschten antimikrobiellen Eigenschaften durch Stabilisierung im leicht sauren pH-Wert-
Bereich aufweisen als auch liber gute Saug- und Fliissigkeitsspeicher-Eigenschaften durch Zusatz von
Quelistoffen verfligen. Die LOsung dieser Aufgabe ist durch die Beobachlung mdéglich geworden, daB es
gelingen kann, die Quelistoffe selbst, welche chemisch batrachtet polymere Sduren sind, als Puffersubstan-
zen einzusetzen. Sie milssen hierzu mit Alkalimetallen und/oder Ammoniak derart teilneutralisiert werden,
daB sich im Zellstoff-Saugktrper bei Benetzung mit Wasser oder einer physiologischen Fliissigkeit der
erforderliche pH-Wert zwischen 5,0 und B,0, vorzugsweise zwischen 5,2 und 5,5 einstetlt. (berraschender-
waise hat sich dabei ergeben, dad an dem bestehenden Vorurteil in zahlreichen Fiillen ganz 2u Unrecht
festgehalten wird und daB das Fllssigkeitsspeichervarmdgen, aber auch das Filissigksitsansaugvermégen
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gewisser synthetischer Quelistoffe unter diesen Bedingungen praklisch durchaus hinreichende Werte
aufwaeist.

Als basonders gesignet fir diesen Zweck haben sich Quelistotfe erwiesen, welche Propipolymere sind
mit

0,5 - 20 Gewichisprozent chemisch gebundenen Resten der aligemeinen Formael [,

79 - 99 Gewichisprozent chemisch gebundenen Resten der allgemeinen Formel |I, und

0,1 - 2 Gewichtsprozent chemisch gebundenen Resten eines Vernetzers., der aus Monomeran mit
wenigstens 2 olefinisch ungesittigtan Doppefbindungen hervorgegangen ist;

wobei bedeuten:

1: COOH , 9 EOOH
~CH -~ CH C 0 Cl CHZ—O C—CIH CH=—

11: ’lZ‘f ?2
-CH-C¥
%3

n = 2 bis 300

R1 = Wassersloff oder Methyl

R2 = Wasserstoff, Methyl oder Ethyl

R3 = Carboxyl. Sulfonyl, Phosphonyl. gagebenentfalls verestert mit Alkano! mit 1 - 4 C-Atomen odsr

einc Gruppe der Formel

O Ch
—C-NH- c CH-RY
CH

worin R7 eine Sulfonyl- oder Phosphonyl-Gruppe bedeuten,
R4 = Wassarstoff, Methyl, Ethyl oder Carboxy!.

Pfropfpolymere diesor Art lassen sich unter Verwendung von Alkalimetallen oder Ammonium teilneutra-
lisieren und stellon dann Puffersysteme dar, welche die Saugktrper von hygienischen Zelistoffartikeln auf
beliebige Werte zwischen 5.0 und 6,0 einzustelien vermdgen. Es ist leicht mbglich, mit diesen Stoffen pH-
Werte von 5,2 oder 5,5 einzustellen, derart, daB diese Werte auch Uber lingere Zeit beim Gebrauch der

Zellstolfartikel beibshalten werden. Die Quellstoffe werden, wie andere Quelistoffe auch, in Mengen von,

beispislsweise 10 - 50 % dem Zelistolf der hygienischen Zellstoffartikel beigemischt. Selbstversténdlich ist
as auch mdoglich, die Saugk&rper der Zellstoffartikel nur teilweise, beispielsweise nur zonenweise mit diesen
Quellstoffan zu versetzen; in jedemn Fall tritt die erwiihnte Wirkung ein, in denjenigen Bereichen, in denen
sich die Quelistofie befindan.

Die erwidhnten Pfropfpolymerisate knnen beispielsweise durch Polymerisation in wiissriger L&sung
nach dem Verfahren der Gel-Polymerisation hergestelit werden. Dabei werden 15 - 50 %ige wissrige
Ldsungen der Comonomeren mit bekannten geeigneten Katalysator-Systemen ohne mechanische Durchmi-
schung polymerisiert. Als Beispie! flr die Herstellung eines solchen Pfropfpolymerisales wird die folgande
Arbeitsanieitung gegeben:

In einem isalierten Polyethyleneimer von 10 Liter Inhalt werden 5 188 g E-Wasser vorgelegt, 1 000 g
Natriumbicarbonat darin dispergiert und langsam 1 888 g Acrylsfiure so zudosiert, daB die Reaktionsl&sung
nicht Uberschumt. Die Temperatur der Losung kihlit sich dabei auf 12 - 10 *C ab. Es werden
anschlielend 100 g des unten angegebenen Umsetzungsprodukies, welches als Piropfgrundlage dient,
zugesetet. Des weiteren werden 12 g Trimethylolpropantriacrylat und 10 g eines Natriumdiisooctylsulfosuc-
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cinates (Revopol V 21 33 der Firma Rovo, Steinau) zugegeben. Bei einar Temperatur von 10-12 *C wird als
Initiatoren ein Redox-Systam, bestehend aus 2,2 g 2,2-Azobisamidinopropan-Dihydrochlorid, geldst in 20 g
Wasser, 4,4 g Kaliumperoxodisulfat, geltist in 170 g Wasser und 6 g Natriumpyrosulfit, geltist in 120 g
Wasser, nacheinander zugegeben und verriihrt. Die Reaktions!dsung wird darauthin ohne Rihren stehenge-
lassen, wobei durch Einselzen der Polymerisation die Temperatur bis auf 85 °C ansteigt. Es enisteht als
Reaktionsprodukt ain fastes Gel. Dieses wird anschlisfend mechanisch zerkleinert und bei Temperaturen
Uber 80 *C getrocknet und gemahlen.

Als Pfropfgrundlage dient ein Produkt, walches wie foigt hergestellt wird:

In 345 g eines Blockcopolymeren aus 1,6 mol Propylenoxyd und 0,2 mol Ethylenoxyd mit einer OH-Zahi
von 65 werden unter Rlhren hei Raumtemperatur 39,2 g Maleinsdureanhydrid eingetragen und diese
Mischung unter Riihren auf 80 *C erhitzt. Das Maleinsdureanhydrid Ist sich dabei unter schwach
exothermer Reaktion auf, es entstoht eine klare, schwach gelblich gefirbte Ldsung.

Plropipolymerisate dieser Arl haben den zus#tzlichen Vorteil, da sie unter den genannten Bedingun-
gen Gele mit erhShter Gelfestigkeit bilden, was auf den hisheren Vemetzungsgrad dieser Stoffe gegenlber
den meisten vorbekannten Quelistoffen zuriickzuflhren ist. Speziell auch diese hhare Geifestigkeit ist in
hygienischan Zellstoffartikeln vorteilhaft, da die Quelistoffe bei Wasserautnahme festere Gallerten bilden
und weitaus weniger zur Klebrigkeit neigen als vorbekannte Quelistoffe.

Wie gesagt, ist es auf die geschilderte Weise mdglich, die gewlinschten pH-Werte im Saugstoff von
hygienischen Zelistoffartikeln leicht und sicher einzustellen und auch Iber die Gebrauchszeit der Zellstoffar-
tikel zu halten. Dennoch kann es zur ErhBhung der Sicherheit erwlinscht sein, den Zellstoffartikeln noch
woitere Hilfsstoffe zuzufiigen, welche den eingesteliten und erwiinschten pH-Wert weiter stabilisieren. Als
Hilfsstoffe dieser Art kiinnen organische oder anorganische Monomere mit wenigstens 2 Sduregruppen
gingesetzt werden, die mit Alkalimetallen oder Ammoniak derart teiineulralisiert sind, daB sich bei Banet-
zung des Saugklrpers mit Wasser oder physiologischer Flussigkeit ein pH-Wert zu je 5,0 und 6.0,
vorzugsweise von 52 - 5.5, einstellt. Als anorganisches Monomer kommt insbesondere Phosphorsture in
Batracht, ain Stoll, der einersaits ein gutes Puffervermigen aufweist und andererseits ungiftig ist. Aus der
Gruppe der organischan Monomere ist vorzugsweise die Ziironensiure zu nennan; es kommen aber auch
zweiweartige SHuren aus der Reihe Malonsiure. Bernsieinsiure, GlutarsSure, Adipinsdure in Betracht oder
auch Weinsure, Fumarsiiure, Maleinsliure und vergleichbare Stoffe. Als besonders vorteilhaft hat sich
partiell neutralisierte Zitronensiure der Formel

B H,c-Co0™
|
M()--CI - CooH
H,C~CooH
- ]

M’-o,i.....-ﬂz

orwigsen, wobei Me ein Natrium-, Kalium- oder Ammonium-ion bedeutet. Die erwiihnten Puffer-Hilfsstoffe
kéinnen dem Saugstoff in Mangen von 1 - 5 Gewichtsprozent zugesetzt werden.

Die Erfindung wird im folgenden anhand der beigefllgten Zeichnung niher erldutert. Es stellen dar:

Fig. 1 eine Draufsicht auf eine Ausflhrungsform einer Windel;

Fig.2  einen Querschnitt entlang der Linie Il-if der Fig. 1.

Die in dar Zeichnung dargestellte Windel ist als Ganzes mit 1 bezeichnet. Die Windel bestoht im
wesentlichen aus einem Saugkiirper 2, bei welchem es sich um eine etwa 0,5 - 10 mm dicke Schicht von
Zelistof-Flocken handelt. Diaser Saugkorper ist auf einer Unterlage 3 angeordnel, welche aus einer
Polyédthylenfolie besteht. Aut der beim Gebrauch obenliegenden Seite ist der Saugkdrper mit einer
Vliesstoif-Schicht 4 abgedeckt, welche die Aufgabe hat, den Saugkdrper zusammenzuhalten und dessen
Flusen zu verhindern. welche aber der anfallenden und vom Saugkdrper aufzunehmenden Fliissigksit
keinen nennenswerten Widerstand entgegensetzt. Der Saugkdrper 2 ist von dieser Vliesstof-Schicht
volistindig bedackt; die Unterlage 3 und die Viiesstoff-Schicht 4 sind im Randbereich 5 der Windel
miteinander verbunden, so daB der Saugktrper allseits vollstindig von diesen Stoffen eingeh(llit ist.

Die Windel 1 hat im dargestellten Ausflhrungsbeispiel die Form einer Sanduhr, wodurch im Mittelbe-
reich der Windsel Ausschnitte 6 entstehen, durch die die Baine des Trdgers hindurchreichen kdnnen. Die
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Windel wird bei Gebrauch dem Tréiger dadurch angetegt, daB sie zwischen dessen Beinen hindurchgefiihrt
wird und dal die breiteren Abschnitte 7 und 8 Uber den Bauch- bzw. Rilckenbsreich des Trigers gelegt
werden. In dissem Zustand kdnnen die Verschiubinder 9 am jeweils gegeniberliegendsn Teil fesigeklebl
und die Windel auf diese Weise zu einem hosenartigen Gebilde verschlossen werden. Um einen dichten
BeinabschluB zu erreichen, sind am Rande des Mitielbereiches elastische Streifen 10, beispielsweise
Gummib&nder, angeordnet. Diese' Streifen ziehen sich soweit als mbglich zusammen und legen die
Beinausschnitte eng an die Haut des Trigers an.

Waesentlich im vorliegenden Zusammenhang ist naturgem#8 der Saugkdrper 2. Dieser Saugkorper
baesteht in bekannter Weise aus Zellstoff-Flocken, dem die erwdhnten teilneutralisierten Quelistofte sowie
auch die ebenfalls erwlhnten Hilfsstoffe beigemischt sind. Die Mischung kann dabei quasi-homogen sein;
es ist abar auch mbglich, nur einzelne Zonen, beispielsweise die besonders baanspruchte Mittelzons, mit
diesen Stoffan auszurlisten.

Bezugszeichenlisie

Windel
Saugk&rper
Unterlage
Viiesstoftschicht
Randbereich
Ausschnitte

breite Abschnitte
VerschluBband
plastische Streifen

DDA BN -
@

[ T | I | Y | I Y ' 1|

-
o

Patentanspriiche

1. Hygienische Zelistoifartikel, wio Windel, Krankenunteriage, Damenbinde, Slipeinlage oder dergl.. mit
einem oder mchraren Saugkissen aus Zelistoff, mit Zusétzen an Quelistoffon und gogebenenfalls
Hilfsmaterialien
sowie einer oberen flissigkeitsdurchldssigen Abdeckung und einer unteren fliissigkeitsdichten Schicht
oder Einlage, .
wobei die Quellstoffe polymere organische SHuren sind,
dadurch gekennzsichnet,
daR diese Quellstoffe mit Afkalimetailen und/oder Ammoniak derart teilnautralisiert sind, daB sich im
Zellstoft-Saugk&rper bei Benetzung mit Wasser oder einer physiologischen Fllissigkeit ein pH-Wert
zwischen 5,0 und 8.0, vorzugsweise zwischen 5.2 und 5.5, einstelli.

2. Hygienischer Zellstoffarlikel nach Anspruch 1,
dadurch gekennzeichnet,
daB die Quelistoffe Pfropfpolymere sind, mit
0.5 - 20 Gewichis-Prozent chemisch gebundenen Resien der allgemeinen Formel |,
79 - 99 Gewichts-Prozent chemisch gebundenen Resten der aligemeinen Formael Il und
0.1 - 2 Gewichts-Prozent chemisch gebundenen Resten eines Vernetzers, der aus Monomeren mit
wenigsiens zwei olefinisch ungesittigten Doppelbindungen hervorgegangen ist;
wobei badeuten:

/3
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ccek o | R 0 ceol
I _
It ~CH-CH-C—0C—CHpm O C-CH-CH
]
H "
RY ’$2
i
|
R3
n = 2 bis 300
A1 = Wasserstoif oder Methyl
R2 = Wasserstoff, Methyl oder Ethyl
R3 = Carboxyl, Sulfonyl, Phosphonyi, gegebenenfalls verestert mit Alkanol mit 1 - 4 C-Atomen

oder sine Gruppe der Formel

Hs

4y

o
I

—C-NH-

O=0-0

worin R7 eine Sulfonyl- oder Phosphonyl-Gruppe bedeuten,
R4 = Wasserstoff, Methyl, Ethyl oder Carboxyl.

3. Hygienischer Zellstoffartikel nach Anspruch 1 oder 2
dadurch gekennzeichnet,
daB als Hilfsstoffe im Saugk&rper organische oder anorganische Monomere mit wenigstens 2 S3ure-
gruppen vorhanden sind, die mit Alkalimetallen oder Ammoniak derart teitnautralisiert sind, daf sich bei
Benetzung des Saugklmers mit Wasser oder physiclogischer Fllssighkeit ein pH-Wert zwischen 5.0
und 6.0, vorzugsweise von 5,2 - 5,5, sinstellt.

4. Hygienischer Zellstoffartikel nach Anspruch 3
dadurch gekennzeichnet, :
daB als Hilfsstoff im Saugk8rper 1 - 5 Gewichtsprozent partiell neutralisierts Zitronenséure der Formel

H,c-C00™
|
Ho_Cl--coeH
HC - COOH
- Me

0,8 .. 42

vorhanden ist, wobei Me ein Natrium-, Kalium- oder Ammonium-lon bedeutst.
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Claims

1.

Sanitary cellulose article such as a diaper, sick-shest, sanitary towel. protection pad or the like,
comprising ona or a plurality of absorbent cellulose paddings, additions of swelling agents and possibly
auxiliary agents,

as well as an upper liquid-parmeable cover and a lower liquid-proofl jayer or insert,

the swelling agents being polymeric organic acids,

characterized in that

these swelling agents are partially neutralized by means of alkali metals and/or ammonia such that a pH
ranging between 5,0 and 6,0, prefarably between 5,2 and 5,5, ensues in the absorbent cellulose body
when the latter is wetted with water or a physiological liquid.

Sanitary cellulose article according to claim 1,
characterized in that
the swelling agents are graft polymers having
0.5 - 20 percent by weight of chemically combined residues of the general formula |,
79 - 99 percent by weight of chemically combined residues of the general formula Il, and
0.1 - 2 percent by weight of chemically combined residues of a cross-linking agent originaling from
moenomers having at !east two olefinically unsaturated double bonds;

| representing:
coon’ 0 ?‘1 0 lccoH
~CH=CH-C =0 C—CHy= O CmCH=CH=
[
H |
Il roprosenting:
Rb ’lllZ
i
— CH— (l; -
R3
n 2 1o 300
R1 hydrogen or methy!

R2 hydrogen, methyl or ethyl
R3 carboxyl, sulphonyl, phosphonyl, possibly esterified with alkano! having 1 - 4 C atoms or a
group of the formula
0 CHy
|
—&—NH-%*CHL‘?J
CH,
R7 representing a suiphony! or phosphonyl group,
R4 = hydrogen, methyl, ethyl or carboxyl.

3. Hygienic cellulose article according to claim 1 or 2,

characlerized in that
organic or inorganic monomers having at least 2 acid groups exist as auxiliary agents in the absorbent
body, which are partially neulralized by alkali metals or ammonia such that a pH ranging between 5.0
and 6.0, preferably betweon 5.2 and 5.5, ensues when the absorbent body is wetied with water or a
physiological liquid.
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Sanitary cellulose article according to claim 3,
characterized in that
1 - § parcent by waeight of partially neutralized cifric acid of the formula

K, C Coo~
HO- (]: -C 0OH
H,C - cooH
L Mqu-.....-‘l,z,,

exists as an auxiliary agent in the absorbent body, Me representing a sodium, potasstum or ammonium
ion.

Revendications

1.

Article hygiénique en cellulose, comme une lange, aléze, serviette hygiénique, un protége-slips ou
analogue, avec un ou plusieurs coussins absorbants en cellulose, avec des additifs en agents gonflants
et, s'il y a lisu, des auxiliaires

ainsi qu'un recouvrement supdrisur parméable aux liquides et une couche inférieure imperméable aux
liguides ou un insert inférieur imparméable aux hquides.

les agents gonflants étant des acides polyméres organiques,

calactérisé en ce que

ces agents gonflants sont partiellement neutralisés a ['aide de métaux aicalins et/ou de I'ammoniac de
telle sorte qu'un pH entre 5,0 et 8,0, de préférence entre 5.2 et 5,5, se manifeste dans le corps
absorbant en cellulose lors d'un mouillage par de I'eau ou un liquide physictogique.

Article hygiénique en cellulose selon la revendication 1,
caractérisé en ce que
les agents gonflants sont des polyméres grelfés avec
0,5 - 20 % en poids de restes combinés chimiqusment de la formule générale |,
79 - 89 % en poids de restes combinés chimiquement de la formule générale 11, et
0.1 - 2 % en poids de restes combinés chimiquement d'un réticulant provenant de monoméres
avec au moins deux liaisons doubles insaturées & I'oléfine;

| représentant:
coe 0 gooH
~CH- CH ¢-o c CHZ C-CH~CH—
Il représentant;
RY ’RZ
— C H-— C -
’R3
n 2 4300
R1 hydrogéne ou méthyle

R2
R3

hydrogéne, méthyle ou éthyle
carboxyle, sulfonyle, phosphonyle, s'il y a liov estérifiés d'alkanol 2 1-4 atomes C, ou un

tunau

;3f
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groupe de la formule

0 Hy
~&-NH-C- cH,-RY
i

R7 représentant un groupe de sulfonyie ou phosphanyla,
R4 = hydrogéne, méthyle, éthyle ou carboxyle.

Article hygiénique en cellulosa salon la revendication 1 ou 2,

caractérisé en ce que

des monoméres organiques ou inorganiques avec au moins 2 groupes d'acides se trouvent dans le
corps absorbant comme auxiliaires, qui sont partiellement neutralisés A I'aide de métaux alcalins ou de
I'arnmoniac de telle sorte qu'un pH entre 5,0 ot 6,0, de préférence de 5,2 4 5,5, 30 manifeste lors d'un
mouillage du corps absorbant par de I'eau ou un liquide physiologique.

Article hygiénique en cellulose selon la ravandication 3,
caractérisé an ce quo
1 & 5 % en poids d'acide citrique partiellement neutralisé de la formule

——— ——

H,c-C00™

I
HO"‘C"' COOH
I
H,C - COOH
| ] Mtolg._,...",z

s@ trouve comme auxiligire dans le corps absorbant, Me représentant un ion de sodium, de potassium
ou d'ammonium.

X

o
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*sanitdre Hygienemittel, die der Aufnahme Harn und Blut
enthaltender Sekrete dienen, mit geruchsverhindernden
Eigenschaften”

Patentanspriiche:

1-

2.

3.

Sanitire Hygienemittel zur Aufnahme Harn und Blut
enthaltender Sekrete, die in der Absorptionsschicht
als geruchsverhindernde Substanz Ester der Citronen-
siure und/oder Acetylcitronensiure, insbesondere
deren Triester, mit aliphatischen oder alicyclischen
Alkoholen mit 1 bis 6 Kohlenstoffatomen im Molekiil
enthalten.

Sanitére Hygienemittel nach Anspruch 1, dadurch
gekennzeichnet, daf sie in der Abscorptionsschicht
Citronensliuretriethylester enthalten.

Verfahren zur-Herstellung der sanitdren Hygienemittel
nach Anspruch 1 und 2, dadurch gekennzeichnet, das
man das Absorptionsmaterial oder die fertige Vorlage
in eine evakuierte Kammer bringt und nach Erzeugung
eines Vakuums die Citronensdure- bzw. Acetylcitronen-
sdureester bel erhdhter Temperatur bis zum Sdttigungs-
druck verdampft.

Verfahren zur Herstellung der sanitiren Hygienemittel
nach Anspruch 1 und 2, dadurch gekennzeichnet, da8

man das Absorptionsmaterial durch eine Kammer fiihrt,

in der die Citronensidure- bzw. Acetylcitronenslureester
gegebenenfalls im Gemisch mit Parfim$l fein zerstiubt
werden.

AP

74
142
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5. Sanitires Hygienemittel nach Anspruch 1 und 2 in
Gestalt einer Hyglenevorlage, bei der die mit dem
Citronensiure- bzw. Acetylcitronensiureester
imprégnierte, stark saugfihige Absorptionsschicht
(1) in der Mitte der Vorlage angeordnet und von
einer nicht imprignierten Watteschicht oder Schicht
aus gemahlener Zellwolle (2) umgeben 1ist.

S
4



10

15

20

25

cte"an ..;.3.533 3030920
' ' HENKEL KGaA
HenkelstraBe 67 ZR-FE/Patenta

4000 Disseldorf, den 14.8.1980 z-sl

Patentanmeldung

D 6090
"Sanitire Hygienemittel, die der Aufnahme Harn und Blut
enthaltender Sekrete dienen, mit geruchsverhindernden
Eigensachaften"”

Gegenstand der Erfindung sind sanitlre Hygienemittel zZur
Aufnahme Harn und Blut enthaltender Sekrete, die in der
Absorptionsschicht als geruchsverhindernde Substanz Ester
der Citronensdure und/oder Acetylcitronensiure, insbe-
sondere deren Triester, mit aliphatischen oder alicycli-
schen Alkoholen mit 1 bis 6 Kohlenstoffatomen im Mole-
kil enthalten.

Als den erfindungsgemidfen sanitdren Hyglenemitteln mit
geruchsverhindernden Eigenschaften zugrundeliegende
Vorlagen k&nnen alle bisher fiir diese Zwecke einge-
setzten Produkte dienen wie Windeln, Slipeinlagen, Damen-
binden, Tampons. Das diesen sanitliren Hygienemitteln
zugrundeliegende absorbierende Material kann aus jedem
Fasermaterial bestehen, das {iblicherweise zur Herstellung
derartiger Mittel verwendet wird, wie gesponnener Wolle,
Baumwolle, Cellulose-~Chemiefasern, synthetischen Textil-
fasern, Vliesstoffen, aber auch aus quellfdhigen Poly-
meren wie modifizierter Stirke, modifizierter Cellulose
oder saugfihigen Kunststoffpartikeln, die gegebenenfalls
zur besseren Handhabung auf Papier oder andere Laminate
aufgeklebt oder in Netzen, Vliesstoff- bzw. Textilbahnen
eingelagert sind.-

/2
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Fir eine wirksame Verhinderung der lokalen Zersetzung
tv.der in der absorbierenden Schicht aufgenommenen Sekrete
ist es wichtig, daB eine m¥glichst gleichmd@fige Durch-

dringung der Absorptionsschicht mit den Estern der
5 cCitronensdure und/oder Acetylcitronensdure erfolgt,
Diese Forderung nach méglichst gleichmdBiger Durchdrin-
gung der Absorptionsschicht 148t sich mit den erfin-
dungsgemis einzusetzenden Produkten unschwierig erfiillen,
da sie als Flissigkeiten bei der Aufbringung in feinster
10 Verteilung, z. B, als Nebeltrdpfchen oder aus, dér Dampf-
phase keine Probleme aufwerfen. Ein weiterer Vorteil,
der sich aus der fltissigen Beschaffenheit der erfindungs-
gemiB einzusetzenden Produkte ergiﬁt, ist deren leichte
Mischbarkeit mit gegebenenfalls zusdtzlich aufzubringenden
15 Duftatoffen.

Es 1st bereits vorgeschlagen worden, sanitdre Hygiene-
mittel mit Desinfektionsmitteln, medikamentésen Stoffen
und Riechstoffen zu imprdgnieren, um das Auftreten eines
unangenehmen Geruchs soweit wie m8glich zu verhindern.
20 Zu diesem Zweck hat man Phenole, Quecksilberchlorid,
schweflige SHure, in getrennter Anordnung Natriﬁmacetat’
und Natriumbisulfat sowie unterschiedliche Eakterizide
und Fungizide wie Chloramin, Actamer,.Hexachlorophen,

/3
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Bis~(tri-n~-alkyl-zinn)sulfosalicylate, Phenylmercuri-
salze und #dhnliche in die absorbilerenden Schichten
eingebracht. Derartige Zusitze unterdriicken in gewissem
Map die Entwicklung unangenehmer Geriiche, da sie die
fir die Entstehung der Geriiche verantwortlichen Mikro-
organismen abtéten. Diese Unterdriickung unangenehmer
Gerliche durch Abtdtung flir die Zersetzung von Blut und
Harn verantwortlicher Mikroorganismen geht aber mit einer
mehr oder weniger starken Schddigung der kdrpereigenen
Haut- und Vaginalflora einher, Daneben treten bei dem
Einsatz mancher ‘Mittel HKautreizungen, gelegentliche
Unvertr&glichkeitén, Lichtsensibilisierungen und
toxische Nebenwirkungen unterschiedlicher Stirke auf,
dle einem verbreiteten Einsatz hindernd entgegenstehen.
Man ist daher weiterhin bestrebt. Mittel anfzufinden,
die die Entstehung unangenehmer Gerilche unterbinden,
ohne da8 sie die schidlichen Nebenwirkungen aufweisen.

Es wurde nun gefunﬁen,.daﬂ sanitire Hygiénemittel zur
Aufnahme Harn und Blut enthaltender Sekrete, die in der
Absorptionsschicht als geruchsverhindernde Substanz
Ester der Citronensiure und/oder Acetylcitronensdure,
insbesondere deren Triester, mit aliphatischen oder
alicyclischen Alkohoclen mit 1 bis 6 Kohlenstoffatomen
im Molek{il enthalten, den gestellten Anforderungen
weltestgehend gerecht werden,

Die erfindungsgem$f einzusetzenden Ester der Citronen-
sdure lassen sich in bekannter Weise durch azeotrope
Veresterung von Citronensiure mit dem jeweiligen Alkohol
herstellen, wie dies z.B. filr den Citronensidure-
triethylester in der amerikanischen Patentschrift

20 76 111 (referiert im Chemischen Zentralblatt 1937,
IX, Seite 665) beschrieben ist. Die Herstellung der
erfindungsgemids einzusetzenden Acetylciironensiure-
ester kann durch Umsetzung der entsprechenden Citronen-

siureester mit Acetylchlorid, wie dies fiir den Acetyl-
/4
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citronensduretriethylester von Wislicenus in Liebigs
Annalen der Chemie Bd. 129, Seite 192, bzw. durch Um-
setzung der entsprechenden Citronensiureester mit
Essigsadureanhydrid, wie dies gleichfalls £Ur den
Acetylcitronensduretriethylester in dexr amerikanischen
Patentschrift 2 445 %11 (referie;t in. Chemical Abstracts
1948, Spalte 8818) beschrieben ist, erfolgen.

Als zu veresternde Alkohole kommen z. B. Methanol, Ethanol,
Propanol, Isopropanol, Buténol—1, Butanol-2, 2-Methyl-
propanol-1, 2-Methyl-propanol-2; 2-Methyl-butanol-1,
2-Methyl-butanol-4, n-Hexylalkohol, Ethylenglykol,
Propylenglykol, Trimethylenglykol, Hexamethylenglykol,
Glycerin, Erythrit, Sorbit und Cyclohexanol in Frage.

Unter den erfindungsgemiB einzusetzenden Estern der
Citronensiure als auch der Acetylcitronensiure kommt den
jeweiligen Triestern die gr8ste Bedeutung zu und unter
diesen zeichnet sich wiederum der Citronensduretriethyl-
ester durch die stdrkste geruchsverhindernde Wirkung:
als auch durch die beste anwendungstechnische_Eignung
aus,

Der Citronensiduretriethylester ist als Lebensmittel-

zusatz zugelassen ﬁnd somit als unschiddlich einzustufen,
selbst bel Uberdosierungen k&nnen keine Hautreizungen oder
andere Unvertrdglichkeltserscheinungen auftreten. Da der '
Citronensduretriethylester nicht antibakteriell wirksam
ist, kann durch seinen Einsatz auch keine aus medizinischer
Sicht unerwlinschte Stérung der kdrpereigenen Haut- bzw.
Vaginalflora eintreten,

/5
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Wie bereits vorstehend ausgeftihrt, ist eine miglichst

gleichmisige Durchdringung der absorbierenden Schicht

mit den erfindungsgemiB einzusetzenden Mitteln die

Voraussetzung dafllr, daB keine lokalen Zersetzungs-

erscheinungen und damit unerwinschte Geruchsbildung

eintreten kénnen. Um eine v8llig homogene Imprignierung

zu erreichen, ejgnet sich am besten ein Verfahren,

bei dem das Absorptionsmaterial oder die fertige Vorlage

in eine evakuierte Kammer gebracht und nach Erzeugung

eines Vakuums der Citronensiure- bzw,. Acetylcltronen-

sdureester bei erhbhter Temperatur bis zu seinem Sdtti-

gungsdruck verdampft wird. Das Material wird dabei gleich-

miBsig von dem Citronensiure- bzw. Acetylcitronensiure-

ester durchdrungen und die Konzentrationen in den textilen

oder papierartigen Materialien treten mit der Dampfphase

ins Gleichgewicht. Die aufzubringende Menge an Citronen-

siure~ bzw. Acetylcitronensiureester ist bei diesem Ver-
fahren durch Verdampfungstemperatur und Vakuum exakt
regulierbar. Fiir die Imprignierung nach diesem Verfahren
hat sich der Citronenséuretriethylester insgesamt als

am besten geeignet erwiesen, In einem auf diese Weise
v6llig homogen imprégnierten sanitéren Hygienemittel
8ind lokale Zersetzungen von Blut oder Harn enthaltenden
Sekreten weitestgehend ausgeschlossen,

Da der Citronensduretriethylester selbst chemisch relativ
inert und geruchsneutral ist, l4Bt er sich ohne Beeln-
flussung der Geruchsgqualitlt gut mit Parfiimdlen mischen.
Dies ist von besonderem Vorteil, wenn eine glelchzeitige
Parfiimierung des sanitdren Hygienemittels erwlinscht ist.

/6
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Dabei sind der Citronensduretriethylester und das Parfiim-
61 ohne Schwierigkeit als Mischung applizierbar. Zu
diesem Zweck wird das Absorptionsmaterial durch eine
Kammer gefiihrt, in der die Mischung aus Citronensiure-
triethylester und Parfiimbl fein zerstdubt wird, so das
infolge der geringen Tr&pfchengréfe die Absorptions-
materiaiien gleichmiBig benetzt werden. Eine hesonders
feine Verteillung des Gemisches aus CitronensHuretriethyl-
ester und Parfimdl 188t sich durch Anlegen eines elek-
trischen Feldes an die Zerstdubungskammer erreichen.

Eine besonders vorteilhafte Ausfﬁhrungsform einer Hygiene-
vorlage (Slip, Binde) ergibt sich, wenn die mit dem
Citronenséuretriethylester und gegebenenfalls Parfiim&l
impragnierte, stark saugfidhige Absorptionsschicht in

der Mitte der Vorlage angecrdnet (Abbildung Schicht 1),

und von einer nicht imprignierten Watteschicht oder

Schicht aus gemahlener Zellwolle (Fluff) umgeben ist

(Abb. Schicht 2). Daran anschlieSend nach auBen hin
befindet sich ein Hiillvlies (3), eine Wischeschutzfolie

"aus Runststoff oder wasserundurchllssigem Papier (4),

ein Klebestreifen (5) und Siliconpapier (6)}. Die in .

der stark saugfihigen Absorptionsschicht befindlichen
Polymeren mit hohem Saugvermégen, wie z.B. Stirkepfropf-
polymerisate werden von dem Citronensduretriethylester

gut benetzt ohne zu quellen. Diese Benetzung des Polymeren
durch den Citronensiuretriethylester verhindert jedoch

in keiner Weise das Quellvermdgen der Saugsubstanz.

Der geschilderte Aufbau hat zwei Vorteile, zum einen

wird durch die Lage der mit Citronensiiuretriethylester
benetzten hochsaugfihigen Absorptionsschicht eine Diffusion
des Citronensduretriethylesters zur Wischeschutzfolie und
zum Klebestreifen verhindert, zum anderen befindet sich

- daer geruchsverhindernde Citronens#uretriethylester genau

in dem Bereich, wo die Sekrete aufgenommen werden, da
bei der geschildeten Ausfihrungsform die Sekretaufnahme

‘e /1
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fast ausschlieSlich in der impridgnierten hochsaugfihigen
Schicht erfolgt, welche die Fllssigkeit anzieht und
festhiilt. Die Unterbindung der Diffusion ist wlinschens-
wert, da ansonsten eine Wellung der Folie und eine
Klebkraftverminderung eintreten kann., Fliir die Konfek-
tionierung wird die geschilderte Vorlage eingerollt
oder eingeschlagen und anschliefend einzeln cello-=
phaniert oder mit einer opaken Folle umhtillt.

Nachweis der Hemmwirkung von Citronensiuretrietyhlester
auf die Harnzersetzung

a) Geruchstesat:
4 g gemahlene Zellwolle (Fluff) wurden jewells mit
0,5 g beziehungsweise 1,5 g Citronensduretriethylester
bespriiht und gut durchmischt. Auf den so préparierten
Fluff, sowle auf eine gleiche Menge unbehandelten
Fluffs wurden 25 ml frischer Urin gegeben. Es wurde
14 Stunden bei 37°C inkubiert, wobei das Gef&8 durch
‘einen luftdurchldssigen Wattestopfen verschlossen
war. AnschlieSend wurden die Proben jeweils 5 ver-
schiedenen Personen zum Geruchstest vorgelegt, wobei
die Bezeichnung der Proben keinen Schluf auf even-~
tuelle Zusdtze erlaubte. Die Pxobe ohme Zusatz von
CLtronens&uretfiethylester wurde in £fUnf unabhingigen
Versuchsreihen jewelils von allen 5 Testpersonen spontan
ale die weitaus am unangenehmsfen riechende identi-
fiziert, Am stdrksten wurde der Unterschied zwischen
der Probe mit unpripariertem Fluff und der Probe
mit Fluff + 1,5 g Citronensiuretriethylester empfunden.
Die Konzentration von Citronensiuretriethylester bhetrug
bel dieser Prohe auf Urin bezogen 1,5 %. Bei Annahme
einer maximalen Menge von 3 ml Urin pro Slipeinlage
(etwa das FassungsvermSgen einer Slipeinlage) fiihrt
demnach bereits eine Menge von 45 mg Citronenslure-
triethylester pro Slipeinlage zu einem eindeutigen
Ergebnis. /8
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b) Hemmung der Alkalisierung

Bel der Zersetzung von Urin wird durch die Urease-
tdtigkeit Ammoniak freigesetzt, der zu einer Ver-
schiebﬁng des urspriinglich sauren pH-Wertes zur

- basischen Seite fiihrt. Zur Durchfihrung des Versuches

wurden wiederum 4 g gemahlene Zellwolle (Fluff) bazw.

4 g Watte jeweils mit 0,5 g bzw. 1,5 g Citronensiure-
triethylester bespriiht und gut durxchmischt. Auf das
so prdparierte Absorptionsnittel, sowie auf eine
gleiche Menge unbehandeltes Absorptionsmittel wurden‘
25 ml frischer Urin gegehen. Diese Proben und eine
Probe Urin ohne Zusatz von Absorptionsmittel wurden

14 Stunden bei 37° C inkubiert, wobei das GefdB durch
einen luftdurchldssigen Wattestopien verschlossen war,
AnschlieBend wurden die pH-Werte der einzelnen Proben
gemessen und mit den vor der Inkubieruhg gemessenen
pH-Werten verglichen. Dle bel den Versuchen erhaltenen
Werte sind nachstehender Tabelle zu entnehmen. In

der Tabelle bedeutet U = Urin, ¥P-= Fluff, W = Watte,
CAT = Cltronensiuretriethylester, inkubiert iber

14 Stunden = ink.

/9



Tabelie 1

Hemmung dex Alkalisierung

pPH - Wert
Versuch i3 U U+F UFW U+F+0,5 g CAT | U+W+0,5 g CAT | U+F+1,5g9 CAT | U+W+1,5gCAT)
frisch | ink ink ink ink ink ink ink
1 6,0 8,7 7.7 - 7.2 - 6,7 -
2 , 8,5 7.4 - 7,0 - 6,9 -
3 6,3 7.6 - 7,4 - 6,6 - 6,6
=
C

quernd/34-HZ
VeOM TDINGH
0Z60E0E
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Wie der vorstehenden Tabelle zu entnehmen ist, wurde
in allen Fillen durch den Zusatz von Citronensiure~
triethylester die Alkalisierung unterdrilickt. Es wurden

" Differenzen von 0,5 - 1,0 pH-Einheiten beobachtet.

Im Versuch 2 wurde der pH-Wert des frischen Urins durch

_ gugabe gealterten 'Urins heraufgesetzt. Ans der Tabelle

ist ferner ersichtlich, daB bereits der Zusatz von Fluff
bzw, Watte zu einer Reduzierung der Ureaseaktivitit f£iihrt.

Wie den vorstehenden Versuchen zu entnehmen ist, ldst
sich durch den Einsatz von Citronensiiuretriethylester
in den mit Urin versetzten sanitdren Hygienemitteln
elne Zersetzung und damit die Ausbildung unangenehmer
Geriiche weitgehend unterbinden.

Entsprechend dem Geruchstest a) dufchgefﬂhtte Versuche,
wobel anstelle von Urin eine 1:1 verdinnte wdfrige
Lisung von Schweineblut eingesetzt wurde, filhrten
gleichfalls zu einer weitgehenden Unterdrfickung unan-
genehmer Gerliche. )

Aus der deutschen Auslegeschrift 24 18 338 war bereits
die Verwendung von Estern der Citronensiure und/oder
Acetylcitronensiure in wasserfrelen kosmetischen Zube-
reitungen zur Unterdriickung von Krpergeruch bekannt.

Es lie8 sich aber aus der Tatsache, da8 eine nicht
antibakteriell wirksame Verbindung belm Aufbringen

auf die Haut die SchweiBzersetzung reduziert auf keinen
Fall der SchluB ziehen, daB diese Verbindung als Zusatz-
stoff zu textilen und papierartigen Absorptionsmateria-
lien fiir Blut und Harn enthaltende Sekrete die Zersetzung
dieser Sekrete und die Ausbildung unangenehmer Geriiche
weltgehend unterhindet.

/11
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TITLE:

REDUCTION OF UNWANTED SIDE-EFFECTS DURING USE OF ABSORBENT
ARTICLES BY MEANS OF pH-CONTROL

TECHNICAL FIELD:

The present invention relates to absorbent articles such as
diapers, incontinence protectors, sanitary napkins, wound
dressings and similar articles which are applied against
skin, and concerns methods aiming at the reduction of
unwanted side-effects which sometimes occur during use of
said articles.

BACKGROUND:

Absorbent articles of this kind are known in a number of
different types. Conventionally, the absorbent body in
these articles is produced by dry-defibration of cellulose
pulp from, for instance, rolls, bales, or sheets and
converting the pulp into a web of fluffed pulp sometimes
with the admixture of what is known as superabsorbents,
which are polymers with the ability to absorb several times
their own weight of water or body fluids.

All uses of products which are applied against skin may
lead to unwanted side-effects. These may occur as a result
of occlusion, moisture, mechanical, microbial, and
enzymatic factors which all, to different degrees, interact
and amplify the influence of each other and may cause
different forms of skin irritation and primary or secondary
skin infections which sometimes occur in users of said
articles. An increase in pH is a normal phenomenon during
use of absorbent articles in contact with skin. However,
several unwanted side-effects may occur as a result of, or
in connection with, a pH-increase. One example of an
unwanted side-effect of this kind is irritational contact
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dermatitis which exhibits a connection with the surface-pH
of skin. Factors Predisposing Cutaneous Irritation, Wilhelm
K-P et al, Dermatologic Clinics B, No. 1, 1990.

Another example of unwanted effects is the activity of
enzymes such as lipases and proteases which exhibit a
strongly pH-dependent activity which increases with
increasing pH. The skin starts to decompose and becomes
sensitive to mechanical forces and bacterial attacks.
Etioclogic Factors in Diaper Dermatitis: The Role of Urine,
Berg R.W. et al, Pediatric. Dermatology. 3, No. 2, 1986.

Another example of unwanted side-effects is that some
bacteria such as Proteus can metabolise substances in urine
and other body fluids and produce odorous substances such
as ammonia and amines, which also raises the pH. At a high
pH, the equilibrium for many odorous substances is shifted

so that more volatile components are formed, resulting in .

a stronger odour than at a low pH.

An absorbent article such as a diaper, or the like provides
an environment for micro-organisms which comprises access
to moisture, nutrients, and heat. An unwanted side-effect
of this is that growth of bacteria is promoted in such an
environment. High numbers of bacteria constitute a risk of
the appearance of infections. Moreover, a high presence of
bacteria constitutes an increased risk for the creation of
unpleasant odours caused by the formation of different
substances, resulting from biological or chemical
decomposition of components in body fluids such as, for
instance, urine or menses.

Micro-organisms which may be associated with the occurrence
of problems when using products in contact with skin may be
of different.types: Examples of micro-organisms which cause
cdour and those which constitute a risk for urinary tract
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infections are Proteus mirdbilis, Proteus vulgaris,
Echerichia coli, Enterccoccus and Klebsiella.

Examples of micro-organisms which are associated with skin-
infections and other skin problems are Candida albicans and

Staphylococcus sp. and Streptococcus sp.

RELATED ART:

It is known that a low pH is advantageous in order to
reduce the occurrence of negative effects on skin.

Different ways of solving the described problems have been
suggested. In the American patent US 3,794,034 the
importance of the pH in an absorbent article is described
as well as the impregnation of an absorbent article with
buffering substances which aid in keeping the pH in the
article between 3.5 and 6.0, which is advantageous both for
inhibiting the growth of unwanted bacteria and, in
connection therewith, the creation of unwanted odours, and
for avoiding negative effects on skin.

In the European patent 0,311,344 pH-control in an absorbent
article is disclosed, wherein the buffering properties are
obtained by using a partially neutralised superabsorbent
material. In order to achieve sufficient inhibition of the
growth of unwanted bacteria in the article, a separate
bacteria inhibiting substance has also been added. The
European patent EP 0,316,518 discloses buffering of pH in
an absorbent article by using a polymeric organic acid.

One drawback in using bacteria suppressing agents, as
described in EP 0,311,344, is that these agents are often
selective and may be associated with risks, for instance in
the form of allergenic properties or negative ecological
consequences in garbage handling. Furthermore, the use of

)P
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this type of agents may involve a risk that resistant
strains of micro-organisms arise.

In EP 0,316,518 an absorbent article is disclosed,
comprising a pH-controlling substance in the form of a
partially neutralised superabsorbent material. It is stated
that pH in the absorbent article is in the interval 5 - 6.
However, this is not a sufficiently low pH in order to
obtain a sufficient inhibition effect on the micro-
organisms which are present since the majority of micro-
organisms require a pH below 5 in order to be affected to
a significant degree.

One difficulty when evaluating the influence of different
components on the pH in absorbent articles of the
aforementioned kind is that the degree of acidity in
cellulose fluff pulp varies depending on the production
method. Chemical cellulose pulp (CP) varies between pH 6 -
8.5 and chemical thermomechanical cellulose pulp (CTMP)
varies between 5.5 - 8.5. Variations outside said intervals
also occur.

OBJECT OF THE INVENTION:

The object of the present invention is to achieve an
absorbent article of the kind mentioned in the introduction
which makes it possible to use the article during a longer
period of time without the appearance of undesired side
effects such as unpleasant odour, increased risk of
infections or negative skin effects which are due to the
growth of micro-organisms resulting from an unwanted raise
in skin-pH, or from other reasons.
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DESCRIPTION OF THE INVENTION:

An absorbent article of the kind mentioned in the
introduction, wherein the problems connected with using the
article for an extended period of time have been
substantially removed, has been achieved through the
invention with an qbsorbent body in the absorbent article
comprising a pH-controlling substance in the form of a
partially neutralised superabsorbent material and in that
pH in the absorbent article after wetting is in the
interval 3.5 - 4.9, whereby growth of unwanted strains of
micro-organisms is restricted and the occurrence of
unwanted side effects resulting from the use of the article
is reduced.

It has been shown that if the absorbent body in an
absorbent article comprises a pH-controlling substance in
the form of a partially neutralised superabsorbent material
which after wetting creates a pH in the absorbent article
which is in the interval 3.5 - 4.9, and preferably 4.1 -
4.7, a significant inhibition effect on the growth of
unwanted micro-organisms is obtained. The inhibition effect
is based on the fact that many micro-organisms have an
activity which is strongly pH-dependent and decreases with
decreasing pH, which means that a decrease in pH leads to
a decrease in activity in most micro-organisms which, in
turn, leads to a decrease of bad smell as well as negative
effects on skin in the form of skin-irritation and primary
or secondary skin-infections and a generally lower risk of
infections.

Enzymes, such as lipases and proteases have an activity
which is strongly pH-dependent and decreases with
decreasing pH, which means that a decrease in pH will also
lead to a decrease in enzymatic activity and an
accompanying reduction in negative skin effects.

(6
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An absorbent body containing absorbent material and
absorbed fluid is a heterogeneous system from a pH point of
view. The system may contain superabsorbent material,
fibres and liquid containing several kinds of ions. In
order to cobtain reproducible pH-values, measurements must
be made in several places in the absorbent body and the

mean value calculated.

An absorbent body in accordance with the invention may also
comprise other absorbent materials besides a partially
neutralised superabsorbent material, for instance fluffed
cellulose pulp. It has proven advantageous to use a
partially neutralised superabsorbent material as above in
combination with fluffed cellulose pulp having a pH below
7, preferably below 6 which gives a further improved

effect.

A suitable fluffed cellulose pulp may consist of a chemical
thermo-mechanical cellulose pulp having a pH = 2.5 - 8.5,
preferably 2.5 - 6.5 and most preferably 2.5 - 5.5, or of
a chemical cellulose pulp having a pH = 2.5 - 8.5,
preferably 2.5 - 8.0 and most preferably 2.5 - 7.0.

In order to obtain a suitable degree of acidity in the
cellulose pulp, its pH may be controlled during the
production process, for instance by adding an acidifying
substance. This added substance may, for instance, consist
of SO2-water. In this way, it is also possible to
neutralise NaOH which may occur in the pulp. Another way of
achieving a suitable degree of acidity in the cellulose
pulp is to add a suitable acid after production of the

pulp.

A suitable, partially neutralised superabsorbent material
may, for instance, consist of a cross-linked poly-acrylate
of the kind which is described in the European patent EP 0

(6%
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391 108 in the name of Cassella AG. Other types of
superabsorbent material than the above indicated, and
having corresponding properties, may be used. A suitable
proportion of superabsorbent material in the article is 5 -
100%, preferably 15-50%, and most preferably 15-50%. The
proportion of superabsorbent material which has been stated
to be preferred relates to areas of the article which will
absorb the major part of the fluid and, consequently, does
not concern end-portions or edge-portions or similar parts
of the article since such parts thereof mostly do not
significantly contribute to the absorptive function of the
article.

Examples of the relation between the degree of
neutralisation and pH in the superabsorbent material are
given below.

Degree of neutralisation % pPH
18 4.0
25 4.3
30 4.5
35 4.7
45 5.0
60 : 5.5

From the table it can be learned that the degree of
neutralisation should normally be lower than 45% and
preferably 35%. However, the degree of neutralisation
should preferably be higher than approximately 20%.

An absorbent body in accordance with the invention,
comprising a partially neutralised super-absorbent material
in accordance with the invention may have somewhat lower
absorption capacity when compared to a corresponding
absorbent body containing a conventional super-absorbent

(¥
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compensated by increasing the amount of absorbent material

to a corresponding degree.

An absorbent body in accordance with the invention,
comprising a partially neutralised super-absorbent material
may also comprise some type of conventional bacteria-
inhibiting substance such as parabens or bensoic acid. Such
bacteria inhibitors normally exhibit an increased effect at
a lower pH.

SHORT DESCRIPTION OF DRAWINGS:

The invention will in the following be described in more
detail, with reference to a number of examples which are
shown in the appended figures.

Fig. 1 shows in a diagram the formation of
ammonia in a reference product
compared with a product in accordance
with the invention.

Fig. 2 shows in a diagram the surface-pH of
the skin during use of a test product
containing a conventional absorption
body, compared with the use of a
corresponding test product in
accordance with the invention.

DESCRIPTION OF EXAMPLES:

The following examples are intended to give a closer
illustration of the effect in absorbent articles having an
absorbent body comprising a combination of a partially
neutralised super-absorbent material and cellulose pulp
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having a pH of 2.5 - 8.5 compared to conventional materials

of a corresponding type.

TEST LIQUIDS:

Teet ligquid 1

A solution of 0.9% sodium chloride.

Test liquid 2

Synthetic urine according to the description in, among
other, EP 0,565,606 which can be obtained from Jayco
Pharmaceuticals Co., Pennsylvania. The composition is 2 g/1
RCl; 2 g/l Na,SO,; 0.85 g/l (NH,)H,PO,; 0.15 g/) (NH,),HPO,;
0.19 g/1 Cal, and 0.23 g/1 MgCl,. The pH in this composition
is 6.0 - 6.4.

Test liquid 3

synthetic urine containing the following substances: KC1l,
NaCl, MgSo,, KH,PO,, WNa,HPO,, NH,CONH,. The pH in this
composition is 6.0 ~ 6.5,

Test liqui

Sterile synthetic urine to which has been added a growth
medium for micro-organisms. The synthetic urine contains
mono- and divalent cat- and anions and urea and has been
prepared in accordance with the information in Geigy,
Scientific Tables, vol 2, 8th ed. 1981 p. 53. The growth
medium for micro-organisms is based on information of
Rook- and FSA-media for entero-bacteria. The pH in this
mixture is 6.6.

|66
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TEST METHODS:
Metho epar of absor odi for st.

Absorbent bodies were prepared using a slightly modified
sample former according to SCAN C 33:80. Fluffed pulp and
super-absorbent material of the desired type were weighed
and a homogeneous mixture of fluffed pulp and super-
absorbent material was subsequently introduced into a flow
of air having a2 negative pressure of approximately 85 mbar,
through a pipe having a diameter of 5 e¢m and being equipped
at the bottom with a metal net having a thin tissue placed
thereon. The mixture of fluffed pulp and super-absorbent
material was gathered onto the tissue on the metal net and
thereafter constituted the absorbent body. The absorbent
body was weighed and compressed to a bulk of 6-12 cm3/g. A
number of absorbent bodies referred to as Reference product
1, Reference product 2, test product 1, test product 2,
test product 3, test product 4, etc. having different
compositions as described below were made. The amount of
absorbent material in the single core and dual core
absorbent bodies, respectively, was adjusted so that the
single cores and dual cores had approximately the same
absorption capacity. '

Method 2 ement o in cellulose pulp.

The pH in the cellulose pulp in the different test products
was measured by determining the pH in a water extract from
the pulp in accordance with SCAN P 14:65. 1.0 g air dry
cellulose pulp was blaced in a 100 ml glass container and
20 m! distilled water was added. After mixing, a further 50
ml of distilled water was added and the mixture was stirred
for approximately 30 s and was left for 1 hour. The ligquid
was poured off and pH was determined with a glass electrode
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at 20-30°C. Two samples were prepared and the mean value
was calculated.

t men i B ent b .

An absorbent body having a diameter of approximately 50 mm
was prepared according to method 1. A predetermined amount
of Test liquid 1, 2 or 3 was added, 10 ml to a single core
absorbent body and 20 ml to & dual core absorbent bedy,
whereafter the absorbent body was left to swell for 30
minutes. Thereafter, pH was measured in the absorbent body
using a surface electrode, Flat-bottomed Metrchm pH-meter,
Beckman {J12 or {J72. Parallel measurements were performed on
at least two different absorbent bodies. The pH was
determined at 10 locations on each absorbent body and the
mean value was calculated.

ethod measure teria inhibitj in a rb
bodies,

Absorbent bodies were prepared in accordance with method 1.
Single core, as well as dual core absorbent bodies were
prepared. Test liquid 4 was prepared. Bacteria suspensions
of each of Escherichia coli (E.c¢.), Proteus mir&bilis
(P.m.), Enterococcus faecalis (E.f.) were cultivated in
nutritional bouillon 30°C overnight. The graft cultures
were diluted and the bacterial count was determined. The
cultures were mixed in different proportions so that the
final mixed culfure contained approximately 104 ocrganisms
per ml test liquid 4. Test liquid 4 was added to a sterile
sputum container 70.5 x 52 mm, volume 100 ml, and the
absorbent body was placed upside-down in the container and
was left to absorb liquid for 5 minutes, whereafter the
container was turned and incubated at 35 °C for 0; 6 and 12
hours, respectively whereafter the bacterial count in the
absorbent body was determined. The nutritional medium used

163
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was TGE agar for measurement of the total amount of
bacteria and Drigalski agar for specific determination of
Escherichia coli and Proteus mirdbilis, and Slanetz Bartley
agar for specific determination of Enterococcus faecalis.

e asure of ia content.

Single core absorbent bodies were prepared in accordance
with method 1. Test liguid and micro-organisms were added
in accordance with method 5 whereafter the containers were
incubated at 35°C for 0; 3; 6 and 12 hours, whereafter
samples were taken from the containers using a hand pump an
a so called Driger-pipe. The ammonia content was obtained
as a colour change on a scale graded in ppm or volume-

percent.

Method ement o e surf - of ski

Test products were prepared by applying a backing of
approximately 25 g/m* polyethylene and a topsheet of
approximately 20 g/m’* polypropylene nonwoven to absorbent
bodies according to Ref. 3 and test 4, respectively. Test
liquid 3 was added to the topsheet and was absorbed into
the test product. The test products which were obtained in
this manner were applied to the forearms of a test person
and were left there for 24 hours. The procedure was
repeated twice. The surface-pH of the skin at the place of
contact was measured before application and after 24, 48
and 72 hours with Courage + Khazaka skin-pH-meter with a
flat-bottomed Mettler-Toledo glass electrode 403/120.

TEST PRODUCTS;
Reference product 1: Single core absorbent body having a

total weight of 1 gram, prepared from
a conventional super-absorbent
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Test product 2:

Reference product 2:

13

material and a conventional chemical
thermo-mechanical cellulose pulp with
the ratio 15/85 weight-%.

Single core absorbent body having a
total weight of 1 gram, prepared from
a partially neutralised super-
absorbent material with pH = 4.2, in
accordance with the invention, and a
chemical thermo-mechanical cellulose
pulp with pB = 5.8 and with the ratio
15/85 weight-%.

Single core absorbent body having a
total weight of 1 gram, prepared from
a partially neutralised super-
absorbent material with pR = 4.2, in
accordance with the invention, and a
chemical thermo-mechanical cellulose
pulp with pH = 3.7 and with the ratio
15/85 weight-%.

bual core absorbent body. The upper
core (uc) had a total welght of 1.2
grams and was prepared from a
conventional super-absorbent material
and a conventional chemical thermo-
mechanical cellulose pulp with the
ratio 12/88 weight-%. The lower core
(lc) had a total weight of 1.1 grams
and was prepared from a conventional
super-absorbent material and a
conventional chemical cellulose pulp
with the ratio 12/88 weight-%.
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Reference product 4:

14

Dual core absorbent body. The upper
core (uc) had a total weight of 1.3
grams and was prepared from a
partially neutralised super-absorbent
material having a pH = 4.5, in
accordance with the invention, and a
chemical thermo-mechanical cellulose
pulp having a pH = 5.8 and with the
ratio 15/85 weight-%. The lower core
{lc) had a total weight of 1.2 grams
and was prepared from a partially
neutralised super-absorbent material
having a pH = 4.5, in accordance with
the invention, and a chemical
cellulose pulp having a pH = 6.3 and
with the ratio 15/85 weight-%.

Single core absorbent body having a
total weight of 1 gram, prepared from
a conventional super-absorbent
material and a conventional chemical
cellulose pulp, with the ratio 15/85
weight-%.

Single core absorbent body having a
total weight of 1 gram, prepared from
a partially neutralised super-—
absorbent material with pH = 4.2, in
accordance with the invention, and a
conventional chemical cellulose, with
the ratio 15/85 weight-%.

Single core absorbent body having a
total weight of 1 gram, prepared from
a conventional | super-absorbent
material and a chemical thermo-
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Test product 5:

Test product 6: °

TEST RESULTS:

Exa e

15

mechanical cellulose pulp with pH =
6.7, with the ratio 15/85 weight-%.

Single core absorbent body having a
total weight of 1 gram, prepared from
a partially neutralised super-
absorbent material with pH = 4.2, in
accordance with the invention, and a
chemical thermo-mechanical cellulose
pulp with pR = 6.7 and with the
ratio 15/85 weight-%.

Dual core absorbent body. The upper
core (uc) had a total weight of 1.3
grams and was prepared from a
partially neutralised super-absorbent
material having a pH = 4.6, in
accordance with the invention, and a
chemical thermo-mechanical cellulose
pulp having a pH = 5.8 and with the
ratio 15/85 weight-%. The lower core
{lc) had a total weight of 1.2 grams
and was prepared from a partially
neutralised super-absorbent material
having a pH = 4.6, in accordance with
the invention, and a chemical
cellulose pulp having a pH = 6.3 and
with the ratio 15/B5 weight-%.

Table 1 shows that in a single core, conventional absorbent
body according to reference product 1, good growth of
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micro-organisms prevails. The measurement was performed in

accordance with Method 4.

Table 1:
time Esherichia Proteus Enterococcus
coli mirfibilis faecalis
l 0 hours 3,3 3,1 3,7
6 hours 7,0 6,4 7,1
12 hours 9,2 9,1 8,3
ampl

Table 2 shows that in a single core absorbent body
according to test product 1, good inhibition of the growth

of micro-organisms is obtained.

performed in accordance with Method 4.

The measurement was

Table 2:
[ T o
time Esherichia Proteus Enterococcus
coli mirdbilis faecalis
0 hours 3,2 3,3 3,4
& hours 5,5 3,2 4,8
4'0 611

Example 3

Table 3

shows that in a single core absorbent body

according to test product 2, good inhibition of the growth

of micro-organisms is

obtained.

performed in accordance with Method 4.

The measurement was
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Table 3:

Esherichia Proteus Enterococcus
coli mirébilis faecalis

0 hours 3,4 3,3 3,5

6 hours 3,2 2,6 3,6

12 hours 2,8 2,0 3,5

Example 4

Table 1 shows that in a dual core, conventional absorbent
body according to reférence product 2, good growth of
micro-organisms prevails. The measurement was performed in
accordance with Method 4.

Table 4:
time Esherichia Proteus Enterococcus “
coli mirabilis faecalis
uct lok* uc#* lo** uct lo**
0 hrs 3,4 3,4 3,4 3,4 3,4 3,4
6 hrs 6,8 7,0 6,6 6,7 6,7 6,2
12 hrs | 9,0 9,0 9,1 9,0 8,0 7,8
e ——T—err

*uc = upper core, **uk = lower core

Example 5

Table 5 shows that in a single core, absorbent body
according to test product 3, good inhibition of the growth
of micro-organisms is obtained. The measurement was
performed in accordance with Method 4.
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Table 5:

Esherichia Proteus= é::;rococcus
coli mirdbilis faecalis

uc* leww uc# lo** uc* le*+
3,4 3,4 3,4 3,4 3,4 3,4
5,1 5,6 3,3 4,2 4,4 4,5
7,3 7,4 4,0 4,0 5,9 4,8

*uc = upper core, **1lc = lower core

Example 6

Fig. 1 shows that efficient delay of the development of
ammonia is obtained in a single core absorbent body
according to test product 5 when compared to a single core,
conventional absorbent body, according to Reference product
4. The measurement was performed in accordance with Method
5.

Example 7

Fig. 2 shows that the surface-pH of skin after a period of
use of a test product containing an absorbent body in
accordance with the invention, test product 4, is
stabilised at a 1lower 1level than after use of a
corresponding test product containing a conventional super-
absorbent material, according to Reference product 3, after
addition of Test liquid 3. The measurement was performed in
accordance with Method 6.
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Example 8

Table 6 shows that pH, when measured in a single cere
absorbent body, test product 1, in accordance with the
invention, after addition of test liquid, lies within the
effective pH-interval 3.5 - 4.9, The measurement was
performed in accordance with Method 3.

Table 6: .
e —
ﬂ Test liquid 1 | Test liquid 2 | Test liquid 3
pH 4,29 4,42
Example 9

Table 7 shows that pH, when measured in a dual core
absorbent body, test product 6, in accordance with the
invention, after addition of test liquid, lies within the
effective pH-interval 3.5 - 4.9. The measurement was
performed in accordance with Method 3.

-—'—'————r..._._._.._
Test liguid 1 | Test liquid 2 | Test liquid 3 H

Table 7:

4,83 4,80
4,73 4,73
L—_#

*uc = upper core, **lc = lower core

The invention shall not be considered to be restricted to
the embodiments described herein. Accordingly, a number of
further variants and modifications are conceivable within
the scope of the appended claims.
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CLAIMS:

1. An absorbent article, intended to be worn in contact
with the skin of a wearer, said article comprising a pH-
controlling substance in the form of a partially
neutralised super-absorbent material,

characterized in that the pEH in the article,
after wetting and during use of the article in contact with
skin, is in the interval 3.5 - 4.9, preferably 4.1 - 4.7.

2. An absorbent article according to claim 1,
characterized in that said article comprises

at least one further absorbent material.

3. An absorbent article according to claim 2,
characterized in that the article comprises
chemical thermo-mechanical cellulose pulp {CTMP).

4, An absorbent article according to claim 3,
characterized in that the chemical thermo-
mechanical cellulose pulp has a pH from 2.5 - 8.5,
preferably 2.5 - 6.5 and most preferably 2.5 - 5.5.

5. An absorbent article according to claim 4,
characterized i1n that said pH has been

obtained by the addition of an acidifying agent.

6. An absorbent article according to claim 4,

characterized in that said pH has been

obtained by the addition of an acidifying agent in a
separate step after the pulp manufacturing process.

7. An absorbent article according to any one of claims 2-6,
ch in that the article comprises chemical cellulose pulp

(CP).

8. An absorbent article according teo claim 7,

17
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characterized in that said chemical
cellulose pulp has a pH from 2.5 - 8.5, preferably

9. An absorbent article according to claim 1,
characterized in that said pH has been
obtained in the pulp manufacturing process by the
addition of an acidifying agent.

10. An absorbent article according to claim 1,
characterized in that said pH has been
obtained by the addition of an acidifying agent in a
separate step after the pulp manufacturing process.

11. An absorbent article according to claim 1
substantially as described in any one of Test Products
1l to 6.
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[57] ABSTRACT

A substantial proportion or all of the total thickness of '

an unused single use, disposable body waste {luid ab-
sorbent pad, such as a sanitary napkin and a baby dia-
per, combines a water soluble, weakly acidic buffered
solid composition having a pH range of 3.5 to 6.0,
with a waste fluid absorbent pad. The absorbent pad
of wood pulp is impregnated with a dry buffered non-
hygroscopic, non-1oxic, solid, acid composition having
an aqueous pH range of 3.5 10 6.0. The wood pulp pad
structure density can range from the macerated loose
random fiber of typical density 1.5-2.5 lbs/cu. ft. of
the commonly sold commercial fluffed woaod pulp ab-
sorbent pad sanitary menstrual napkins, to that of a
9-10 pound weight absorbent tissue poper sheet typi-
cally embodied in the menstrual napkin of the U.S.
Pat. No. 3,532,097, issued Oct. 6, 1970. The con-
trolted acid pH of the buffered absorbent pad, when
the pad is wet with body waste fluids, e.g., menstrual
fluids or urine of infants, inhibits the rapid formation
of free ammonia gas and volatile amine compounds
from urea, uric acid, amino acids and pepilones by
bacterial and enzyme action, and forms nonvolatile
salts of the basic compounds. The buffered pH range
is not irritating to the user’s skin.

11 Claims, 4 Drawing Figurcs
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1
ODOR REDUCTANT BODY WASTE PAD

This application is a continuation of Ser. No. 131,884
fited Apr, 7, 1971 and now abandoned.

BACKGROUND OF THE INVENTION

it is well known that some menstruating femaies emit
odorous menstrual fluids. Emitted fluids can also rap-
idly form adorous products on further proteolytic reac-
tion. Tt is established that some of the most perceptible
odors are due to chemically basic amine type com-
pounds, which are volatilec. The characteristic amine
type odors are embarrassing to menstruating females.

The urine impregnated diapers of infants are well
known for having and developing an ammonical odor
on storage. The widespread use of single use, dispos-
able baby diapers is restrictced by the persistent am-
monicat odor of the discarded, used diapers, prior to
their final disposal outside the baby's household. In ad-
dition, thc ammonical urine products can induce a
common rash on the baby's torso, due to the alkaline
pH of-the urine in persistent contact with the baby's
skin. .

My buffered acid pH body waste odor prevention pad
can inhibit the formation of embarrassing odors by ab-
sorbing any free ammonia and amines present in freshly
excreted body waste fluids; and also by further inhibit-
ing the rapid formation of ammonia and volatile amine
compounds from urea, uric acid, amino acids and the
like by bacterial and enzyme action in the waste fluids.

SUMMARY OF THE INVENTION

A substantial portion or all of the total thickness of
a single use, disposable bady waste fluid absorbent pad,
such as a menstrual sanitary napkin or a baby diaper,
has a water soluble, weakly acidic, buffered solid com-
position having an aqueous pH range of 3.5 to 6.0 dis-
posed in the dry reservoir absorbent pad of the napkin
and the diaper. The dry, buffered pH reservoir absor-
bent pad is formed of wood pulp impregnated with a
dry, buffered, non-toxic, non-hygroscopic, -salid acid
composition having a typical pH range of 3.5 to 6.0.
The bleached wood pulp pad structurc can range from
maccrated, loose random fiber of typical density
1.5-2.5 lb/cu ft of the commonly sold commercial
fluffed wood pulp absorbent pad in sanitary menstrual
napkins, to that of a 9-10 pound weight absorbent tis-
sue paper sheet embodied in the menstrual mapkin of
the U.S. Pat, No. 3,532,097 issued Oct. 6, 1970, and
also in the diaper pad of U.S. Ser. No. 63,749, filed
Aug. 14, 1970. The controlled pH range of the buffered
pad inhibits the rapid formation of ammonia and vola-
tile amines from the urea, uric acid, amino acids and
peptones in the body waste fluids, by bacterial and en-
Zyme action.

The acidic buffers composition alsc ncutralizes and
converts to a relatively nonvolatile, nonodorous salt
any ammonia or amine which is initially present in the
freshly excreted waste fluids or which is formed later by
bacterial or enzyme action, The buffered pH of the pad
is in the acidic range which is not irritating to the skin.

Included in the objects of this invention are:

To provide a body waste fluid absorbent pad having
a dry, solid buffered weakly acidic chemical reservoir
composition suitable for inhibiting the formation of
ammonia and volatile amine odors from the absorbed
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waste fluids, and also for neutralizing any basic com-
pounds in the freshly excreted waste fluids.

To provide a dry, body waste fluid absorbent pad
having a buffered pH reservoir composition capable of
absorbing ammonia and amines contained in waste flu-
ids absorbed on a pad.

To provide a dry, nontoxic, acidic pH reservoir pad,
buffered to a pH range of 3.5 to 6.0, and suitable for
use in body waste fluid absorbent pads, and which will
not irritate the body skin.

To provide a dry body waste finid absorbent pad suit-
able for neutralizing and forming non-volatile salts of
ammonia and amines and other basic chemical com-
pounds present in the body waste fluids absorbed on

_the pad.

Further objects and advantages of this invention will
becomne apparent in the following description, to be
read in conjunétion with the following drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. I is a perspective partial sectional view of a
menstrual sanitary napkin containing a buffered acidic
pH absorbent pad of this invention,

FIG. 2 is a perspective partial elevational view of an-
other menstrual napkin modification, further illustrat-
ing the position of a buffered acidic pH absorbent pad.

FIG. 3 is a perspective view of a disposable single use
baby diaper having a buffered acidic pH absorbent pad.

FIG. 4 is a sectional view through 4—4 of FiG. 3, fur-
ther illustrating the placement of the buffered, acidic
pPH absorbent diaper pad of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

It is well known that menstruating females can emit
adors that are embarrassing to them. The odors can
arise as the result of proteolytic decomposition of
blood and tissuc waste in menstrual fluids, which are
further decomposed into products which yield ammo-
nia and volatile amine compounds. The odors of the
ammonia and amines are socially unpleasant. Likewise,
mothers object to the odor of ammoniz in the urine im-
pregnated, single use, disposable infant diaper after
they are removed from the infant, and before the dia-
pers are removed from the household.

The waste menstrual fluid and baby urine have a
common problem of odor generation. Waste fluid odor
generation can be reduced and can be inhibited by pre-
venting bacterial and enzymatic decamposition in the
waste products. The urea, creatinine, uric acid in urine
are further converted into volatile ammonia in a wet
diaper, due to bacterial and enzymatic action. Like-
wise, the proteins, amino acids, urea and nitrogen con-
taining tissue excreta in menstrual flvids, arc converted
by proteolytic and enzymatic action into simpler mole-
cules, including some volatile ammonia and amines.
The relatively high temperature of the sanitary napkin
in use next to the body skin further promotes the mi-
crobial incubation process, and the rapid rate of these
proteolytic and enzymatic processes.

1 have found that the biological conversion processes
which lead to the common problem of amine and am-
monia formation in these body waste fluids absorbent
pads can be inhibited by controlling the pH of the ab-
sorbent pads receiving these wastes. By controlling the
pH of the absorbent pad structure material to provide
a buffered acidic reservoir of pH range 3.5 to 6.0, the
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formation of substantizl amounts of free volatile am-
monia and amine compounds is prevented. The buff-
ered pH acidic reservoir functions two-fold. First, it in-
hibits bacterial growth in the proteolytic degradation of
the excretory products, since bacterial growth rate is
generaily decreased in acid media. Secondly, the the
ammonia and amines that form, or which are initially
excreted in the waste fluids, are immediately neutral-
ized by the buffer composition, forming nonvolatilc
salts. The pH of the buffering composition is controlled
over a range compatible with the normal human skin.

Human urine normally ranges from pH 5.5-6.5, be-
coming alkaline or near atkaline after meals. The skin
of newborn babies (seven days ofd) has a pH less than
5.0 (Behrendt and Green The measurement of Ander-
son (Brit. J. Derm., 63, 283-96) and Martin Beare et
al (Brit. J. Derm., 70, 233—41) both show that the skin
of normal children is acidic. According to Martin Beare
et al, normal children less than three years of age have
skin pH values ranging from 5.86 to 6.78. Significantly,
the higher pH value of 6.78 was in the perianal area
which can be conlaminated at that age with traces of
urinc and feces. The other skin areas of the body were
significantly more acidic. Anderson’s pH measure-
ments of other skin areas of young children were signif-
icantly more acidic, ranging from pH 4.87 to 5.53. The
skin of adutt females was found o have an average pH
of 5.50 by Draize (J. Invest. Derm., 77-85). Thus an
acidic pH range of 4.5 to 6 is typically normal for the
skin of babies or females.

This invention teaches body waste fluid pads impreg-
nated with nontoxic, water soluble, weakly acidic buff-
ered, dry, solid, acid-salt compositions having a buff-
cred pH range of 3.5 to 6.0, when wet with an aquecus
body waste fluid. The waste fluids, urine and menstrual
fluid, impregnating the pad will be incubated at sub-
stantially body temperature while secured on the per-
sun, or at room temperature while awaiting final dis-
posal in the houschold. The buffered acidic pH of the
waste fluid while incubating in the impregnated pad
will inhibit the bacterial and enzymatic process leading
to formation of the volatile ammonia and amine odors,
since acidic pH media generally inhibit bacterial
growth processes.

Some of the nontoxic, food type, solid, weak acids
useful in the buffered pH compositions of this invention
arc citric, tantaric, gluconic, glutaric, levulinic, gly-
colic, succinic, malic, fumaric, and acid phosphate
salts. Other similar nontoxic solid, weak acids can be
used. Preferably, the buffered acid compositions
should not be hygroscopic or deliquescent. The pre-
ferred weak ocids useful in the buffered compositions
should not be the typical short chain aliphatic acids
such as acetic or butyric, due to their.being liquids, and
their volatility and odor. Likewise, the long chain fatty
acids such as myristic, palmitic and stearic acids form
undesirable surfactant salts or soaps. Obviously toxic
acids, such as boric and oxalic, are undesirable.

The buffered acid compositions can typically be sim-
ply formed by adding Na OH or Na;COysolutions to the
concentration of pure acid solutions in amounts to pro-
vide a desired buffered acid solution in the range of pH
=4.510 6.0. The lower pH values will provide a greater
buffering capacity for the absorbent pad.

The buffered acid compositions can be uniformly dis-
persed in the absorbent wood pulp, either in the ran-
dom macerated wet or dry wood pulp form, or on the
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thin {9-101b) absorbent tissue as it is being sheeted out
and dried on the paper forming machine. The wood
pulp stock can be bleached white stock, for either the
macerated pulp or the tissue sheet. The buffered com-
position can be added to the pulp base for the macer-
ated pulp, as a desircd aqucous concentration of the
buffered solution. The solution is sprayed on the pulp
as it is sheeted into the relatively thick, non-
calendared, pulp sheet, which is dried to a sheet stock
suitable for storage, and then disintegrated into macer-
ated pulp for nbsorbent pads.

The buffered composition solution can also be
sprayed on the wet tissue stock sheet as it is made on
the paper theeting machine, just prior 1o final drying of
the tissue paper stock. Thus, the dry maccrated pulp
composition, having a buffered, dry, solid, non-toxic
water soluble composition impregnated therein, is suit-
able far use in absorbent pads for sanitary napkins and
diapers. The absorbent pad can also be a menstrual
napkin comprised of multiple ply of absorbent tissuc
sheet stock, as 1J.S. Pat. No. 3,532,097 and the pending
U.S. patent upplication on diaper pads, Ser. No.
63,749, filed Aug. 14, 1970. In cither the macerated
wood pulp or the tissue sheet absorbent pad construc-
tion, the desired concentration of dry. solid acidic com-
position can be achieved.

Dry, solid, acidic buffer compositions of sodium ci-
tratc and citric.acid have been uniformly dispersed in
bleached white macerated pulp and bleached white,
absorbent tissue paper stock. Typically, 2 wt. percent
of a dry citric acid-potassium citrate buffer composi-
tion, having an agueous pH value of 4.0 as a 10 wt. per-
cent solution, was separately sprayed on macerated
paper pulp and on 10 Ib. weight tissue paper, and dried.
‘The dried buffered paper stock was formed into diapers
and napkins in accordance with the earlier reference
teachings on diaper and napkin construction.

Blind usc tests of both diapers and napkins utilizing
the above modifted paper stock were made. The female
napkin users and the infants’ caretakers were unaware
of the diaper and napkin modification employed in the
respective use tests.

Female napkin users were supplied with buffered
napkin modifications and also identical appearing nap-
kins which were not buffered modifications. The nap-
kins supplied to users were numbered in a code un-
known to the users, indicating the buffered and non-
buffered maodifications. The users were asked to indi-
cate the adorous and non-odorous napkins, immedi-
ately after the nupkin's use and also after incubating
the napkin for 24 hours at room temperature in a plas-
tic envelope. Typically, the napkins identified by the
user after both time intervals as non-odorous, or less
odorous, was the buffered napkin, having the buffer pH
controlled composition impregnantly disposed thercin.

Likewise, the infant caretakers were asked to indi-
cate the odorous and non-odorous diapers, also sup-
plied as coded buffered and non-buffered modifica-
tions. The diapers were examined far ador immediately
after use and also after incubating at room tempera-
ture, when infant feces did not interfere with the odor
test. Typically, the caretaker correctly identified the
non-odorous, or less odorous, diapers as the buffered
diaper, having the buffer pH controlled composition
impregnantly dispased in the diapers.

Typically, the diaper’s absorbent pad can be impreg-
nated pregnated with 1. wit percent of a buffer composi-

1B6
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tion, such as NaH,PO, having an aqueous pH value of
4.1 to 4.5 in a § percent aqueous solution. Likewise, so0-
dium dihydrogen phosphate {NaH,PQ,)} is a suitable
buffer composition for for sanitary napkin modifica-
tions of this invention.

It is desirable to optimize the concentration of dry,
solid acidic buffer composition in the absorbent pad at
the lowest concentration value consistent with mini-
mum ammonia and amine odor concentration during
the absorbent pad use. The minimum optimal buffer
concentration is desirable to provide alow raw material
<ost, adapting this inventicn to widespread use. In addi-
tion, the low buffer concentration minimizes any po-
tential skin ircitation effects. It should be noted that
well known and widely used food acids are the pre-
ferred acids of choicc in the buffer compositions, re-
ducing the toxicity problem to nil.

Referring to FIG. 1 in detail, the menstrual napkin 1

has a menstrual fluid absorptive scction 2 and a pair of
straps 3 and 4, as disclosed in my copending patent ap-,
plicution filed as of this date titled INTEGRAL STRAP
TISSUE NAPKIN. The multiple reservpir apertures §
receive menstrual fluid flow. The adhesive plug secur-
ing means 6,6 and 7,7 bond the multiple ply tissuc
paper sheets of the napkin together. The absorptive
section 2 has a total thickness 8, comprising the pri-
mary absorptive section thickness 9 and the secondary
absorptive section thickness 10. All or a fraction of the
total absorptive section thickness 8 comprises multiple
ply of tissue paper sheets having the nontoxic, water
soluble, weakly acidic, buffered, dry solid composition,
having an aqueous pH of 3.5 to 6.0 impregnantly dis-
posed thercin. Preferably the buffer impregnated tissue
sheels are disposed at least adjacent the surface of the
sanitary napkin which first receives the menstrual fluid
excreta, as are required to minimize odor.
- Referring to the conventional menstrual napkin 20 in
FIG. 2, the shaping cover sheet 21, of open gauze or
scrim, forms the front strap 23 and the rear sirap 22.
The partial sectional view discloses the total absorptive
section thickness 26 has partial absorptive section
thicknesses 24 and 25. The absorptive section thick-
ness 24, which is to be disposed so as to directly receive
the menstrual fluid excreta, has the buffered, dry solid
composition, whose pH range is 3.5 to 6.0, impreg-
nantly disposed therein. Likewise a portion of the sec-
tion thickness 25, or all of 25 may also be impregnated
with the buffer compasilion as required to reduce the
excreta odor. The relative value of thicknesses 24 and
25 are those values which are required.

Reflerring to FIGS. 3 and 4 in detail, the infant diaper
30, has the overlying plastic membrane margins 31 and
32, formed by overwrapping and sealing the thin plastic
membrane sheet 33 on to the edge margins of absorp-
tive pad 34, The cnlarged partial sectional view of FIG.
4 illustrates the porous cover sheet 3§, which is dis-
posed directly adjacent the infant in diaper use. The
relative thickness values of absorptive sections 36 and
37 can be adapted to provide maximum reduction of
ammonia and amine odor, by adjusting the thickness of
buffer impregnated absorptive section 36 to the re-
quired value. Section 36 can range up to [00 percent
of the total absorptive pad thickness 38, thus decreus-
ing section 37 to zero percent.

Other odor reductant body waste pad variations can
be made without departing from the scope of this in-
vention. Many modifications and variations of my im-
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provements in an odor reductant waste pad can be
made in light of my teachings. it is therefore under-
stood that within the scope of the appended claims, the
invention may be practiced otherwise than as specifi-
cally described.

1 claim:

1. A single use, disposable, human body waste fluid

absorbent pad combination comprising: ’

a waste fluid absorbent pad having cellulose fibers
disposed therein, and adapted in size and shape 10
being externally worn on the human body and to
receiving excreted human body waste fluid; and,

a noptoxic, nonvolatile, water soluble, weakly acidic.
dry solid buffer composition selected from the solid
acids and lithium, sodium, potassium salts of citric,
tartaric, gluconic, glutaric, levulinic, glycolic, suc-
cinic, malic, fumaric, and phosphoric acids, said
buffer composition having an aqueous pH range of
3.5 o 6.0, said buffer composition impregnantly
disposed in said cellulose fibers disposed in said ab-
sorbent pad in a buffer composition concentration
adapted to form salts of all the volatile chemically
basic waste fluid excreta products absorbently dis-
posed in said cellulose fibers during use.

2. A single use, disposable, human body waste fluid

absorbent pad combination comprising:

a waste fluid absorbent pad having cellulose fibers
disposed therein, and adapted in size and shape to
being externally worn on the human body and to
receiving excreted human bady waste fluid; and,

a nontoxic, nonvolatile, water soluble, weakly acidic,
dry solid buffer composition selected from the solid
acids and solid lithium, sodium and potassium salts
of ciric, tartaric glycolic, succinic, fumaric, malic
acids, and phosphoric acids, said buffer composi-
tion having an aqueous pH range of 3.5 t0 6.0, said
buffer composition impregnantly disposcd in said
cellulose fibers disposed in said absorbent pad in a
buffer composition concentration adapted to form
salts of alf the volatile chemically basic waste fluid
excreta products absorbently disposed in said cel-
lulose fibers during use.

3. A single use, disposable human body waste fluid

absorbent pad combination comprising:

a waste fluid absorbent pad having cellulose fibers
disposed therein, and adapted in size and shape to
external wear on the human body and to receiving
excreted human body waste fluid; and,

a nontoxic, nonvolatile, waler soluble, weakly acidic,
dry solid buffer composition selected from the dry,
golid compositions of the acids and lithium, sodium
and potassium salts of citric, tartaric, gluconic, glu-
taric, levulinie, glycolic, succinic, malic, fumaric
and phosphoric acids, said buffer composition hav-
ing an aqueous pH range of 3.5 to 6.0, said buffer
composition uniformly impregnantly disposed in
said cellulose fibers disposed in said pad and
adapted to receive said waste fluid, the concentra-
tion of said buffer composition adapted to form
non-volatile salts of all the volatile chemically basic
waste fluid excreta products disposed on seid pad
fibers.

4. A single use, disposuble human body waste fluid

absorbent pad comprising:

a waste fluid absorbent pad having cellulose fibers
disposed therein, and adapted in size and shape to
external wear on the human body and to receive
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human body waste fluid excreted on one face of the
fiber pad; and, '

a nontoxic, nonvolatile, water soluble, weakly acidic,
dry, solid buffer composition sclected from the
solid acids and lithium, sodium and potassium salts
of citric, 1artaric, glycolic. succinic, fumaric, malic
acids, and phosphoric acids, said buffer composi-
tion having an aqueous pH range of 3.5 to 6.0, said
buffer composition uniformly inpregnantly dis-
posed in said cellulose fibers disposed in said pad
and adapted to receive said waste fluid, the con-
centration of said buffer composition adapted to
form nonvolatile salts of all the volatile chemically
basic waste fluid excreta products disposed on said
pad fibers.

5. A single use, disposable, human body waste fluid

absorbent pad comprising:

a waste fluid absorbent pad having cellulose fibers
disposed therein and adapted in size and shape to
being externally worn on the human body and to
recciving excreted human body waste fluid; and

a nontoxic, nonvalatile, water soluble, weakly acidic,
dry solid buffer composition, having an agueous
pH range of 1.5 to 6.0, uniformly impregnantly dis-
posed in said cellulose fibers disposed in said absor-
bent pad in a composite buffer concentration
adapited to form salts of all the volatile chemically
basic waste fluid excreta products absorbently dis-
posed in said cellulosc fibers during use.

6. In the product of claim §, the modification wherein
said waste fluid absorbent pad having celiulose fibers
disposed therein is a menstrual waste fluid sanitary nap-
kin pad adapted to external body wear.
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7. In the product of claim 5, the modification wherein
said waste fluid absorbent pad having cellulose fibers
disposed therein is a baby dinper waste fluid absorbent
pad adapted to external body wear.

8. In the product of claim 5, the medification wherein
said buffered, dry solid composition is uniformly con-
centrated in said ceflulose fibers disposcd in the strue-
turc of said waste fiuid absorbent pad.

9. A single use, disposable human body waste fluid
absorbent pad comprising:

a waste fluid absorbent pad having cellulose fibers
disposed therein, and adapted in size and shape to
external wear on the human body and to receive
excreted human body waste fluid on one face of the
fiber pad; and

a nontoxic, nonvolatile, water soluble, weakly acidic,
dry, solid buffcr composition, having an agqueous
pH range of 3.5 to 6.0, impregnantly disposed in
said cellulose fibers disposed in the pad face to be
worn adjacent to said human body, the concentra-
tion of said buffer composition adapted to form
nonvolatile salts of all the volatile chemically basic
waste fluid excreta products disposed on said pad
fibers.

10. In the product of claim 9, the modification
wherein said waste fluid absorbent pad having cellulose
fibers disposed therein is a menstrual sanitary napkin
pad and adapted to external body wear.

11. In the product of claim 9, the modification
wherein said waste fluid absorbent pad having cellulase
fibers disposed thercin is a baby diaper absorbent pad

adapted to external body wear.
* L L] £ L
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IMPREGNATED DIAPER

This invention relates to products designed to absorb
the ammonia formed in absorbent materials used to ab-
sorb body effluents. We describe the invention mainly
in terms of napkins for babies but the ‘invention is
equally applicable to, for example, incontinence pads.

The management of infants and others is frequently
complicated by the incidence of a rash which is
primarily due to the chemical irritation of the skin by
ammonia liberated from urine and faeces in the napkin.
A major cause of the ammonia in the discharge is
degradation of urea in the urine by bacterial ureases
produced by faecal organisms such as Proteus spp.
which are usually present. The irritated skin is ideally
suited to support secondary microbiological infections
leading to severe irritation, pain and restlessness.

Attempts have been made to reduce the incidence of
napkin rash by a number of methods. Thus one method
is to treat the napkins during the laundering process
with an antibacterial agent such as cetrimide ot hex-
achlorophane with the intention of killing the bacteria
which are already present on the napkin and the
residuum of the agent left on the napkin is intended to
suppress the bacteria when the facces and urine are
passed. Another method is to treat the napkins with
vinegar in the final laundry rinse with the intention of
absorbing the ammonia as it is formed. Boric acid has
also been used to impregnate towel napkins but it is not
an efficient absorbent for ammonia and furthermore its
use in this manner has been highly criticized since boric
acid can be extremely toxic when in direct contact with
the skin. Yet another method is to treat the napkins
with an anti-ureatic agent, i.e., an agent which inhibits
the action of the urease so that ammeonia is not formed.
For example, napkins have been treated with capper
acetylacetonate. Such agents are sometimes used with
various additives but in all instances the amounts in-
volved are extremely small. For example, 0.15 mg
copper acetylacetonate has been added to a 15g nap-
kin. A further method is to treat laundered napkins
with an anti-bacterial agent. None of the methods has
been widely adopted because either it is unsatisfactory
or it is dependent on treatment in a commercial
laundry. '

We have now found it possible to reduce ot prevent
the incidence of napkin rash by providing certain am-
monia absorbing products for use as or in association
with napkins. In preferred embodiments of the inven-
tion the ammonia absorbing agent is provided in such 2
way that it does not come into direct contact with the
skin except as an innocuous solution.

According to the present invention we provide an

"ammonia absorbing product which comprises a aon-
volatile ammeonia absorbing agent having a pK value of
between 1.8 and 4.5 carried, in an amount of at least
1.5 gram per square meter of the product, in or on a
sheet carrier or included in a water permeable sachet.

The sheet carrier can be in a number of forms. Thus
one example is an ordinary napkin, e.g., a towel napkin
or & disposable napkin. Another example is a strip of
paper which may be impregnated with the ammonia ab-
sorbing agent or a strip of cellulose tape to which the
ammonia absorbing agent is secured with an adhesive.

Suitable ammonia absorbing agents which may be
used in accordance with the present invention include
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pharmaceutically acceptable organic acids, which are
usually momomeric, such as citric, malic, tartaric,
maleic, fumaric, malonic and succinic acids, cellulose
derivatives of polybasic acids such as cellulose
phosphate, oxidized cellulose, cation exchange resins
in the H form or silicic acid gels. The preferred range of
pK values for these agentsis 2.5 to 4.5.

There are a number of embodiments of the present
invention and these include the following ammonia ab-
sorbing products:

1. A towel napkin acting as the carrier may be im-
pregnated with -the ammonia absorbing material but
this is not always very desirable because the impregna-
tion process must be repeated after washing the napkin
and this task .could not be effectively performed by the
layman. Such towels may have a surface area of up to
0.8 square meter, for example they often measure 60 X
60 cm., and may be impregnated with an aqueous solu-
tion of, for example, malic acid to deposit at Jeast 0.5 g.
and preferably 3 to 4 g. of acid per napkin.

2. The ammoniz absorbing agent may be incor-
porated in a disposable napkin. A disposable napkin is
of absorbent material intended to hold the urine. it may
comprise a sponge but generally the absorbent material
is a textile have a non-woven base that generally con-
sists of or contains a [arge proportion of cellulose fibers
and is generally referred to as cellulose wadding. In
such a napkin the wadding is generally 3 mm. thick and
usually 5 mm. or more. An ammonia absorbing product
of the present invention in which the carrier is in the
form of a disposable napkin may simply comprise the
absorbent base material and the ammonia absorbing
agent but generally the napkin is reinforced on at least
one side but may be reinforced on both sides or may in
fact be located in a reinforcing envelope. The rein-
forcement may be integral with the fibrous base, this
being achieved, for example, by bonding the surface or
surfaces of the fleece. Reinforcement may be per-
formed and then applied to the textile base, for exam-
ple it may be a net that is applied to the base.
Preferably there is a net on both sides of the napkin. In
the production of such napkins any reinforcement may
be applied to the napkin after the textile base has been
formed into the desired shape or the reinforcement
may be present on a textile sheet material that'is to be
cut to shape to form the napkin. The product in which
the carrier is in the form of a disposable napkin may be
formed initially as a continuous sheet (for example in &
continuous roll) but in use it generally has the dimen-
sions of a napkin in which event it should carry at least
0.5 g. of the acid. Disposable napkins are generally sub-
stantially rectangular in shape with one side about 1%
to 2% times the length of the other side. Thus the long
side may be from 20 to 40 cm. but preferably 25 to 35
cm. and usually about 30 cm. while the short side may
be from 10 to 25 cm. preferably from 15 to 20 cm. and
usually about 18 cm.

The incorporation of the ammonia absorbing agent
into a disposable napkin may be accomplished in a
number of ways to produce the ammonia absorbing
product. The agent may be an integral part of the ab-
sorbent material, for example, having becn im-
pregnated into the materia! or coated onto it, or it may
be present in granular form dispersed evenly
throughout the absorbent material. If the ammonia ab-
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sorbing agent is & cation exchange resin in sheet.form it
may be incorporated as such in the body of the napkin.
Where the ammonia absorbing agent is in a fibrous
form, c.g., celiulose phosphate it may be included in
the napkin in the form of woven or non-woven sheets
which may be prepared by standard techniques. Such
sheels often contain large amounts of other fibers, e.g.,
cellulose fibers.

3. The ammonia absorbing agent may be carmied in
or an a disposable napkin liner to produce an ammonia
absorbing product. Such liners are intended to allow
the urine to pass through to an absorbent material, e.g.,

towelling, behind it. Liners are gencrally fairly thin

permeable textile sheet materials and may be woven,
knitted or, most usually, non-woven. They may be, for
example, less than 1 mm. thick and are often of cellu-

15

lose fibers. Liners are usually not more-than 25 x 25

cm. but they may be produced in continuous lengths
and carry the ammonia absorbing agent to give a
product of the invention in continuous sheet form.
Each liner should carry at least 0.5 g of the agent.

4. The ammonia absorbing agent may be carried on a

20

base material in strip or sheet formto give an ammonia

absorbing praduct suitable, e.g., for insertion between
a napkin liner and a napkin or a pocket or folds in a

towel napkin. Such strips or sheets may also be incor-

porated in disposable napkins and facilitate the manu-
facture of the finished product incorpoyating an am-
mania absorbing agent. They may also'be integrated
with napkin liners, The strips may be manufactured
from a continuous. roll of material which may be
woven, knitted or non-woven and which is from 1 to 25
cm. wide and individual lengths can be cut as required.
Non-woven material for this purpose is preferably a
paper, for example being made mainly from short cellu-
lose fibers, e.g., less than 10, and preferably less than 5,
mm in length, generally by a process in which water is
drained from an aqueous slurry of the fibers on a
.:gfe:n. The material is usually thin, e.g., less than 1 mm

ick. .

Thin material carrying the ammonia absorbing agent
may be combined with thicker absorbent at any stage in
the manufacture of the final absorbent article. For ex-
ample a continuous sheet of wadding may have paper
carrying the agent continuously laid against it or the
wadding may be continuously formed around the thin
material and the resulting laminate cut to desired shape
subsequently or wadding and the thin material may be

- cut to shape and then laid together.

When the ammonia absorbing agent is distributed
over paper that is within the final absorbent article, as
opposed to being a liner, this paper is generally present
primarily to provide the ammonia absorbing agent. The
paper may be substantially coextensive with the main
absorbent, e.g., the wadding of the article or it may
cover some areas only of the wadding or other absor-
bent material. Thus the paper may be in the form of
narrow strips which are laid apainst or into the
wadding. For example the paper may be in the form of
a strip from 1 to 25 cm. wide.

It is particularly preferred that the housewife should
be able repeatedly and easily to produce napkins that
are capable of absorbing ammonia and this can be
achieved by providing the housewife with a roll of the
paper carrying the absorbent agent with the result that
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she can tear off a suitable length of paper to prepare
each napkin or to provide her with @ container, e.g., a
box, containing interleafed sheets of the paper.

The ammonia absorbing agent may be incorporated
with the sheet carrier in any convenient manner. For
example acids that are soluble in water or other con-

venient solvents may be impregnated as a solution into’

absorbent sheet carrier, optionally as the last stage in
the manufacture of the carriec which is then dried to
give a uniformly impregnated ‘matérial. For example,
aqueous solutions of citric or tartaric acid may be used.

Certain acids which are used as ammonia absorbing
agents in the invention may conveniently be applied as
a coating on a thin material. Thus the material may be
dipped into molten acid or molten acid may be sprayed
on to it. The acid then solidifies as it cools. It may be
desirable to include a plasticizer for the acid in the melt
in order to produce a more flexible coated material.

5. The ammonia absorbing product may be formed
by sealing a quantity of the ammonia absorbing agent in
a water permeable sachet, formed from, for example,
polyvinyl alcohol. Such a sachet may be inserted for ex-
ample in a pocket or within the folds of a towel napkin;
or it may be incorporated within an absorbent napkin.
Each sachet preferably contains at least 0.5 g. of the
agent, and preferably at least | g., and usually at least 2
g-oreven 3 g. of the agent.

The urine and faecal discharge in soiled napkins nor-
mally contains up to 0.65% w/ w of ammonia but when
treated with urease the total ammonia content rises to
an average of 1.29% w/w. This concentration of am-
monia is the maximum which one would reasonably ex-
pect in practice, A soiled napkin which has absorbed
the average volume of 150 ml. of urine may therefore
produce up to 1.8 g. of ammonia. The amounts of vari-
ous acids required to neutralize the potential ammonia
content of urine were found by titrating ammonia to ph
5.5. using a glass electrode pH meter and the results are
summarized in the following table.

We.of n-:id {g-) equiv.

Acid to 1g. NH, titrated to
pHSS
Chtrle 4.2
Malic 14
Maleic 4.6
Mslonic " 16
Succinic 38
Tartaric 42
Fumaric 35

We prefer to use citric or malic acid as the ammonia
absorber and we have found that in practice the in-
cidence of napkin rash caused by the presence of rela-
tively large quantities of ammonia is reduced by using
about 4 g. of citric acid or 3.5 g. of malic acid with a
napkin.

The time a soiled napkin is in contact with the skin
will have some bearing on the incidence of napkin rash
and in laboratory experiments it was found possibie to
prevent the evolution of ammonia over a period of 6
hours, during which period the napkins were lightly
pressed occasionally, by treating the napkin with only
2.5% w/w of malic acid based on a 20 g. napkin.
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By including at least 0.5 g. of the ammonia absorbing

agent in a napkin or at least 1.5 g. per square meter of
an absorbent material which may be cut to the dimen-
sions of a napkin, it is possible to absorb a significant
amount of the ammonia that will be evolved during
normal usage. The optimum amount naturally depends
upon the particular agent being used. When the agentis
an ion exchange resin the amounts are of course
greater than when the agent is an acid such as malic
acid.
" In practice we generally have at least | g. and often
at least 2 g. or even at least 3 g. of organic acid in each
napkin. For a disposable napkin measuring 30 x 18 cm.
these quantities are equivalent to about 20 g., 40 g. and
60 g. per square meter respectively, the area being the
surface area of one side of the napkin. By using such
amounts it is possible substantially to eliminate the
evolution of ammonia collected in the napkin during
normal usage aver a é hour period.

It is to be understood that the amimonia absorbing
material may be used in conjunction with the other ad-
ditives for reducing napkin rash, e.g., bactericides and
enzyme inhibitors which are pharmaceutically accepta-
ble and also compatible with the ammonia absorbers.
Typical of such bactericides are phenylmercuric salts
such as phenylmercuric nitrate and phenylmercuric
acetate. Bronopol has alse been found to bé useful in
conjunction with, e.g., malic or citric acid and the
amount of acid may be reduced. Bronopol is 2-bromo-
2-nitropropane-1,3-diol.

In constructing a napkin from an absorbent material
containing the ammonia absorbing agent, it is;of course
necessary to consider the dermatological effect of the
particular agent being used. It is preferred that the
agent should be dermatologically acceptable, that is to
say that it should be non-irritant and non-toxic both in
solid form and solution but it is adequate in most con-
structions of napkins if it is merely dermatologically ac-
ceptable in solution in urine. Thus if it is dermatologi-
cally unacceptable and is enclosed in a water soluble
sachet or absorbed on a strip of paper it will only come
into contact with the skin when in solution after ab-
sorbing ammonia and this would be satisfactory.

The following non-limitative examples illustrate the
invention:

EXAMPLEI

A rectangular portion of cellulose wadding (20 g.; 30
cm. X 18 cm.) was treated with a solution of citric acid
(4g.) in isopropano] and dried. The treated wadding
was covered with a 30 cm, X 18 cm. rectangular piece
of cotton wool (5 g.) and used as a disposable napkin
with the cotton wool in contact with the skin.

Similar napkins were prepared using water or
ethanol as the solvent for the citric acid.

EXAMPLE?2

Disposable napkins were made in a similar way to
that described in Example I but using tartaric acid (4
g.), malic acid (3.5 g.) or fumaric acid (3.5 g.) to im-
pregnate the cellulose wadding.
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EXAMPLE 3

A disposable napkin was prepared from a rectangu-
lar portion of cellulose wadding (20 g.; 30 cm. X 1B
cm.) and above the wadding was placed at equal
distances four strips of absorbent paper 25 cm, X 2.5
cm., each strip being impregnated. with an aqueous
solution of malic acid so that each strip contained 1 g.

of acid. The absorbent wadding and treated strips were

enclosed in a fabric envelope and when treated with
100 ml. of artificia! urine contaiming urease the evolu-
tion of frec ammonia was prevented for a period in ex-
cess of 6 hours.

EXAMPLE 4

A disposable napkin was prepared from a rectangu-
lar portion of cellulose wadding (20 g.; 3G cm. X [8
cm.) and above the wadding was placed at equal
distances four strips of absorbent paper 25 cm. X 2.5
cm., ¢ach strip containing 0.5 g. of malic acid and
0.625 mg. of Bronapol. The absorbent wadding and the
treated strips were enclosed in a fabric envelope.

EXAMPLE 5

A continuous length of absorbent paper was im-
pregnated with a solution of malic acid and Bronopol at
a rate of 66 g/m® malic acid and 83 mg/m? Bronopol,
and was dried. Parts of this were treated in different
ways. One part was cut into sheets 20 cm. X 15 cm.
which were interleafed and packed in a box. One part
was cut longitudinally into stripa 20 cm. wide and per-
forated every 15 cm., each strip then being wound as &
roll. Another part was cut into strips 2.5 cm, wide, part
of this then being cut into 15 cm. lengths and part being
wound an a roll.

QOne napkin can be made up using 6 of these strips
2.5 cm. X 20 cm. Thus they may be placed in the folds
of an ordinary towel napkin or in a specially prepared
packet therein, or they may be placed between a nap-
kin liner and a napkin or they may be attached to a nap-
kin liner for use in conjunction with 2 napkin or they
may be incorporated in a disposable napkin.

EXAMPLE 6

2 g. of malic acid and 2.5 mg. of Bronopol were en-
closed within a sachet made from polyvinyl alcobol.
This sachet was placed in the folds of a towel napkin. In
place of the 2 g. of malic acid and the Bronopo! there
was also made a sample comprising 4 g. of malic acid.
Citric acid could be used for these examples in place of
the malic acid.

EXAMPLE 7

Disposable napkins were made as described in Exam-
ple 1 but replacing the malic acid with 10 g. of granules
of Zeokarb 225 resin (Trade Name) or a similar quanti-
ty of Amberlite IRC 50 resin (Trade Name) in the H*
form. The granules were sprinkled evenly across the
full area of the cellulose wadding absorbent. When the
napkins absorbed 100 mi. each of a synthetic urine
containing urea and urease, {tee ammonia was present
after 30 minutes as shown by a pH of 9 compared with
an original pH of 5.5.

I claim:

Jorz
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1. A baby's napkin comprising a material that will ab-
sorb liquid, at least 2 grams of 2 monomeric organic
acid as an ammonia absorbing agent and having a pK
value of from 1.8 to 4.5, and 2-bromo-2-nitropropane-
1,3-diol.

2. A napkin according to claim 1 in which the materi-
al that will absorb liquid is towelling. -

3. A napkin according to claim 1 in which the materi-
al that will absarb liquid is cellulose wadding at least 3
mm thick.

4. A napkin according to claim 1 in which the am-
monia absorbing agent is impregnated into or coated
onto the material that will absorb liquid.

5. A napkin according to claim 1 including a napkin
liner and in which the ammonia absorbing agent is in or
on the napkin liner. .

6. A napkin according to claim 1 in which the am-
monia absorbing agent is in or on paper.

7. A napkin according to claim 1 in which the am-
monia absorbing agent is in a water permeable sachet.

8. A napkin according to claim 1 in which the am-
monia absorbing agent is a monomeric organic acid
selected from the group consisting of citric acid, malic
acid, maleic acid, malonic acid, succinic acid, tartaric
acid and fumaric acid.

9. A nepkin according to claim 1 additionally com-
prising a urease.
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10. A napkin according to claim 1 in which the am-
monia absorbing agent is in or on a sheet carrier.

11. A sheet carrier suitable for use in a napkin ac-
cording to claim 10 and comprising a permeable textile
base less than 1 mm thick and having one dimension of

from 20 to 40 cm and the other dimension of from 10 -

to 25 cm and comprising at least 2 g of a monomeric or-

ic acid as ammonia absorbing agent and having a
pK value of 1.8 10 4.5, and 2-bromo-2-nitropropane-
1,3-diol. :

12. A sheet carrier suitable for usc in a napkin ac-
cording to claim }0 and comprising a roll of a permed-
ble textile less than 1 mm thick, the rol! being less than
25 mm wide, and comprising at lcast 40 grams per
square meter of 2 monomeric organic acid as an am-

monia absorbing agent and having a pK value of from .

1.8 to0 4.5, and 2-bromo-2-nitropropane-1,3-dicl, the
textile being capable of scrving as a napkin liner.

13. A sheet carrier suitable for use in a napkin ac-
cording to claim 10 and comprising a strip of paper
from 1 to 25 cm wide and less than | mm thick and
formed from short cellulose fibers and comprising at
least 40 grams per square meter of 8 monomeric or-
ganic acid as an ammonia absorbing agent and having a
pK value of from 1.8 to 45 and 2-bromo-2-
nitropropane-1,3-diol.
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