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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E. S. D.

REF.: Expediente No. 00 089.076 solicitud de Patente a nombre de
KIMBERLY - CLARK WORLDWIDE, INC.

RAMIRO CASTRO DUQUE, vecino de Bogoté, portador de la tarjeta
profesional No. 1003 del Consejo Superior de la Judicatura, obrando como
apoderado de la Sociedad KIMBERLY - CLARK WORLDWIDE, INC., segin
lo acredita el documento de poder protocolizado en la Secretaria General
bajo el No. 17397, de acuerdo con el Articulo 44 de la Decisién 486 de la
Comigién de la Comunidad Andina, me permito solicitar que se examine si la
invencién contenida en la solicitud en referencia es patentable.

De acuerdo con lo anterior, me permito anexar el recibo oficial de caja No.
03-11,654 por valor de $335.000.

Sefor Superintendents,

RAMIRO CASTRO DUQUE
C.C. No. 170.322 de Bogota
Cadigo 340

T.P. No.1003 del C.S.J.
Cra. 7 No. 16-56 Piso 9

Marzo 08, 2003
CPB/hsr.
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SUPERINTENDENCIA DE INDUSTRIAY C MERCIO
DiVISION DE NUEVAS CREACIONES

2020
Bogota, D. C., 16 de Septiembre de 2005

Doctor
RAMIRO CASTRO DUQUE
Representante KIMBERLY — CLARK WORLDWIDE, INC.

ASUNTO Radicacion No. 00-89076
Tramite 002
Evento 001
Actuacién 430
Oficio . ~ 0
Folios ‘088 9 ‘”2

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

1) Documentos estudlados:

a) Para el prasente estudio se tandrén en cuenta el capitulo descriptivo,
comprendido en los folios 5 a 15 de la solicitud en estudio.

b) Para el presente estudio se tendran en cuenta los dibujos comprendidos
en los folios 28 a 29 de ia solicitud en estudio.

c) Para el presente estudio se tendra en cuenta el capitulo reivindicatorio
que comprende 10 reivindicaciones en los folios 16 a 17 de la solicitud
en estudio.

d) Conforme lo establece los articulos 8, 10 y 11 de la decisidn 486 de la
Comisién de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 22 de noviembre de 2000, y en el momento de la
radicacion Sl se reclamo prioridad de la primera solicitud presentada
en Estados Unidos US 60/167435

2) Objeto de la Invencion

a) Las reivindicaciones 1 a 10 de la solicitud en estudio se refieren a

i) 1.- Un producto tisi que comprende: una lamina de fibras, ldmina que
tiene incomporados en ella: un agente de resistencia temporal en
himedo que es capaz de establecer enlaces hemi-acetales con las
fibras de dicha lamina para impedir la degradacién inmediata de dicha
lamina cuando dicho producto tisu se ponga en contacto con agua; y un
agente alcalino para interactuar con dicha ldmina para aumentar la
degradacién de dicha lémina cuando dicho producto tisi se ponga en
contacto con agua.
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i) 7.- Un producto tist que comprende: una lamina de fibras celulosicas,
ldmina que tiene incorporados en ella: un agente de resistencia temporal
en himedo que es capaz de establecer enlaces hemi-acetales con las
fibras celulosicas de dicha Jdmina para impedir la degradacion
inmediata de dicha ldmina cuando dicho producto tisi se ponga en
contacto con agua; y un agente alcalino para interactuar con dicha
lamina para aumentar la degradacion de dicha lamina cuando dicho
producto tisil se ponga en contacto con agua, agente alcallno que se
encuentra presente en dicha lamina en una cantidad desde
alrededor del 0,1% a alrededor del 5%.

iii) 9.- Un proceso para conformar un producto tisu...

b) Los anteriores productos y su procedimiento de fabricacion buscan
obtener un producto tisti que se pueda eliminar por el inodoro son causar
prablemas en los conductos sépticos

¢) Segun la Clasificacion Intemacional de Patentes, la codificacion para esta
solicitud corresponde a D 21 H 21/20

3) Claridad de la Solicitud

a) El artlculo 30 de la Decision 488 de la Comisiéon de la Comunidad Andina
establece que

“Las reivindicaciones definirdn la materia que se desea proteger
mediante la paiente. Deben ser claras y concisas y estar
enteramente sustenladas por la descripcién. Las reivindicaciones
podrén ser independientes o dependientes. Una reivindicacion serd
independiente cuando defina la materia que se desea proteger sin
referencia a otra reivindicacién anterior. Una reivindicacion serd
dspendiente cuando defina la materia que se desea proteger
refiriéndose a una reivindicacion anterior. Una reivindicacién serd
dependiente cuando defina la materia que se desea proteger
refiriéndose a una reivindicacion anterior.- Una reivindicacién que
se refiera a dos o més reivindicaciones anteriores se consideraré
reivindicacién dependiente miiltiple.”

El capitulo reivindicatorio no es claro toda vez que:

I) No se encuentra correctamente redactado. Por su estructura todas las
reivindicaciones deben constar de dos partes. Una primera parte, el
predmbulo, sirve para situar el objeto de la invencidn dentro de un
contexto técnico, es lo que se conoce y sobre lo que no se reclama
ningun privilegio. La segunda parte, o parte caracteristica, define lo que
se considera novedoso y se desea proteger. Estas dos partes estan
separadas por expresiones como ‘caracterizado por’ o similares.

En la redaccibn del presente capltulo, en especial en las
reivindicaciones independientes, no se observa claramente lo que el
solicitante considera como nuevo y que considera como conocido. En un
momento podria pensarse que lo que el mismo solicitante denomina
agentes de resistencia temporal el solicitante lo considera como nuevo
segun la redaccion de la relvindicacion. Sin embargo, en el folio 5 lo da



por conocido. Al estudiar la descripcién, al parecer, lo Unico que
propondria como nuevo el solicitante es el componente alcalino. Por lo
mismo, el solicitante debera comegir el capitulo y tratar de establecer
una correcta redaccion de las relvindicaciones.

il} Técnicamente no es claro ni es de comin que exista la expresion
“agentes de resistencia temporal”. De la misma forma, tampoco es claro
que los menclonados “agentes” formen “"enlaces hemi-acetales con las
fibras de dicha laminas”". Parece como si se entrara en el campo de la
especulacion, pues esa afirmacion no es facil de demostrar. De acuerdo
a lo observado en la solicitud, existen ciertos compuestos que tienen
ciertas formas de comportamiento. Dicho compuestos estan
especificamente definidos de acuerdo a lo encontrado en la solicitud.
Serla més conveniente que el solicitante defina las reivindicaciones por
los compuestos o de lo contrario, seria conveniente que el solicitante
explique mas detenidamente y de una forma mas amplia el porque de
dichos comportamientos.

ill) Las reivindicaciones 3 y 4 son practicamente iguales y no se observa
una diferencia que permita considerar que merezcan estar
simultaneamente. Se sugiere eliminar una de las dos.

iv) No se pueden aceptar expresiones tales como ‘alrededor de...". Deben
eliminarse

v) No se precisa la materia sobre la cual se solicita proteccién. Cdmo se
explicard en el punto 4), la presente solicitud no posee unidad de
invencién, por lo que no esta definida la materia sobre la cual se solicita
proteccion,

vi) No se pueden aceptar caracterizaciones hechas por el solicitante con
pruebas que el mismo solicitante aplica vy no son universaimente
aceptadas. Esto no permite establecer una relacién con el arte conocido,
no pudiéndose entonces validar dichos pardmetros. No se pueden
aceptar dichas reivindicaciones

vii) Si bien los procesos para elaborar tisies son conocidos, se recomienda
en la redaccion de la reivindicacién 9 plasmar dichos pasos generales
sigulendo los parametros del anterior punto i) y colocar en la parte
caracteristica el paso o los pasos que son nuevos. Esto es debido a
que si bien los procesos son conocidos, ya existen otros procesos en la
técnica que no siguen los lineamientos tradicionales y un lector
desprevenido no encontrard clara esta reivindicacion. Por lo tanto, se
suglere redefinir esta reivindicacién con una secuencia légica de pasos
0 etapas (plural, no singular).

De acuerdo a lo anterior, el capitulo reivindicatorio no cumple con el

requisito de claridad de acuerdo a lo establecido en el Art. 30 de la
Decisién 486.

4) Evaluacién de la Unidad de Invencién

El articulo 25 de la Decision 486 de la Comisién de la Comunidad Andina
establece



*La solicitud de patente sélo podré comprender una invencion o un
grupo de Invenciones relaclonadas entre si, de manera que
conformen un tnico concepto inventivo” !

La presente solicitud carece de unidad de invencion toda vez que configura DOS
diferentes objetos. Aunque se dirigen a TISUES la definicidn de la materia que
caracteriza a cada una de las reivindicaciones independientes 1 y 7 es muy
diferente entre sl. Esto permite afirmar que no se trata del mismo producto. Todo
el problema radica en configurar varias reivindicaciones independientes con
materia diferente. El solicitante debe establecer una sola meivindicacion
independiente dirigida al producto en la forma mas simple de ia solicitud de
invencién. Partiendo de alll establecer reivindicaciones dependientes que
amplien esa forma mas simple hasta su forma més compleja.

De acuerdo a lo anterior, la presente solicitud no cumple con el requisito de
unidad de invenclén de acuerdo al Art. 25 de la Declsién 486.

5) Determinaclén del Estado de la Técnica
El articulo 16 de la Decisién 486 de la Comisi6n establece:

“El estado de la técnica comprenderé todo lo que haya sido
accasible al publico por una descripcion escrita u oral, utllizacién,
comercializacion o cualquier otro medio antes de la fecha de
presentacion de la sollcitud de patents o, en su caso, de la prioridad
reconocida.”

“Solo para el efecto de la determinacién de la novedad, también se
consideraré dentro del estado de la técnica, el contenido de una
solicitud de patente en trémite ante la oficina nacional competente
cuya fecha de presentacién o de prioridad fuese anterior a la facha
de presentacitn o de prioridad de la solicitud de paiente que se
estuviese examinando, sismpre que dicho contenido este incluido
en la solicitud de fecha anterior cuando efla 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,
especialmente bajo las clasificaciones D 21 H 21/20 y las mas cercanas a ellas,
se encontrd que antes del 23 de noviembre de 1999 (fecha para determinar el
estado de la técnica) hablan sido publicados los documentos que se enumeran
en la siguiente tabla los cuales se relacionan con tisues.

De acuerdo con o establecido en el articulo 16 se detemind el estado de la
técnica y se encontrd el siguiente antecedente:

N* | Documento Titulo P’:;;Z:c".’,gn

Absorbent paper comprising polymer modified
D1 | EP 0408128 fibrous pulps and wet laying process for the 1991.01.16
_ production thereof

D2 | WO 9824874 Method for making wet paper strength paper 1998.06.11

D3 | EP 0 802 282 Process for preparing hydrolizable sheet 1997.10.22

Soft issue paper with blased surface properties
D4 | US 5830317 containing fine particulate fillers 1908.11.03

Loy =




6) Evaluacién de ios requisitos de patentabilidad
a) Evaluacion de la novedad y el del Nivel Inventivo

El art. 18 de la Decisidn 488 de la Comisiin de la Comunidad Andina
establece:

“Una invencibén se considerard nueva cuando no estd 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, utilizacibn comercializacién o cualquier otro medio
antes de la facha de presentacion de la solicitud de patente o, en su
caso, de la prioridad reconocida.”

*Solo para el efecto de la determinacion de la novedad, también se
considerara dentro del estado de la técnica, el conilenido de una
sollcitud de patente en trémite ante la oficina nacional competente,
cuya fecha de presentacién o de prioridad fuese anterior a la facha
de preseniacion o prioridad de la solicitud de palente 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 previsio en el articulo 40.”

El art. 18 de la Decisién 488 de la Comisidon de la Comunidad Andina
establece:

‘Se considerard que una Invencién tiene nive! inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
técnica corrsspondients, esa invenciéon no hubiese resultado obvia
ni se hubiese derivado de manera evidente del/ sstado de la
técnica”.

D1 (EP 0408128) revela un producto tisii con fibras con compuestos que
impiden la degradacién de la lamina hasta que se le agrega un compuesto
alcalino que le permite su degradacion. En esencia es 1o mismo que el
solicitante desea proteger. Lo mismo se puede decir de los documentos D2
(WO 9824074) o D4 (US 5830317) que hablan de compuestos de
poliacrilamida o compuestos poliméricos glioxilados,

D3 (EP 0 802 282) sugiere la liberacién del agente alcalino al entrar en
contacto con el agua.

Como se observa no se cumplirfan los requisitos necesarios para que se le
conceda el privilegio solicitado..

b} Resumen

En conclusién los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asl:
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N° | Documento Reilvindicaclones afectadas Requlsit que afecta
Novedad
D1 EP 0408128 1-10 Nive! inventivo
Novedad
D2 | WO 9824974 1-10 Nivel inventivo
D3| EP O 802 282 1-10 Nivel inventivo
D4 | US5830317 1-10 Novedad

Nivel inventivo

7) Notiflcacién

En cumplimiento del articulo 45 de la Decision 488 de la Comislén de la
Comunidad Andina, se le indica que dentro del tdmino de sesenta dias contados
a partir de la fecha de la notificacién de la presente comunicacién debe responder
a la notificacién. 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 )
del capitulo quinto del titulo primero de la Clrcular Unica N° 10 de 2001

CESPEDES DE VERGEL

de Nuevas Creaclones

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

22 SET. 2005
Concepto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
Cadigo No. Cadigo No.

1431 202003
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Europliisches Patantamt
® :.Q)) Europasn Patant OFles (@ Publication numbec: 0 408 128 A2

Otffice europden des brevets
® EUROPEAN PATENT APPLICATION
@ Appilcation number: 502018142 ® wt.os D21H 11/20

® Date of filing: 08.07.80

&) Priority: 11.07.89 US 378154 @ Applicant: THE PROCTER & GAMBLE
COMPANYANY
@) Daie of publication of application: One Procter & Gamble Plazsaza
15.01.91 Bulletin 9103 Cincinnat! Ohlo 48202{U8)
® Designated Contracting States: ® Invenior: Mackey, Larry Neil
ATBECHDEDK ESFRGR GRIT LI LU NL 8E 5666 Crestview Avanue
Falrfleld, Ohio 46014(US)
Inventor: Geyed-Rezal, S8ayed Ebrahim
5667 Valley Forge Drive
Fairfield, Ohlo 45014(U8)

® Representative: Susilc, Lydia st al
Procter & Gamble European Tachnloal
Cantar N.V. Temasisan 100100
B-1853 Strombask-Baver(BE)

& Absorbent paper comprising polymer-modtitisd fibrous pulps and wet-laying procass for the
production thereof.

@ Processes are described for making highly sbeorbent tissues and towels by wel-jaying pulps comprising
particular polycarboxylaie polymer-modified fibrous pulps such as mildly hydrolyzed methyl acrylate-graited
softwood Iraft puipe; thase pulps have distinct protonated and alkall-metal-cation-exchanged states. The wel-
laying processss are adapled to exploit the very different behavior of the polymer-modifiad fibrous puips In
function of the two states. The preferred wel-laying processes described herein are continucus processes
embodying one or mome on-ine chemical treaiment steps which chemically switch state of the palymer-modifted
fibrous pulp component in & wet web on the papermaking machine to improve the processing thergof by
averting or minimizing tendencles o mechanically or thermally dagrede.
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more difficult 1o pump and may tend to precipltate. in more detall, when using potassium carbonate, which
a8 noted 18 & highly praferred aliall on sofubliity grounds, the concentration is typleally ebout 4 Molar, o
higher, more preferably from about 4 Moler to about 8 Molar. When using sodium hydroxide &8 the alkall,
tha concentration I8 preferably from shout 4 Moler to ebout 8 Moler. Potassium hydroxide may be
substituted for sodium hydroxde. Other alkalis which may be used henein, but are rather poorer In terms of
eolubifity, are Husirated by poiassium bicarbonale, sodium blcarbonate and sodium carboneds.

In the interest of optimizing sheet control and minimizing the drying load in the final drying stags, the
prejecred congistency of the partislly dewaterad web llea in the range from about 40% i about 76% as
measured upon eniry to the ultimate tharmal drying step (a).

The acidification step {g) In tha Instant process ensuree having fibrous pulp type A In the protonsied
state at siages In the process where mechanical shear forces would otherwlee ham Its Integrity; nvariably,
the proinaated state ls malatained In the web-forming stege (b) as well ae the partial wab-dewatering stage,
hare lliustrated by ihe sequance of steps (c) of the paparmaking operation.

Without being bound by theory, Individual pulp fiber integrity meesurements Indesd suggest that the
fibrous puip type A component better ierates the shear forcse encountered during the wet-iaying process
without undue loes of its structural integrity In the projonated state, as compared with the alkafi-metsl-
cation-exchanged siale. & is furthermore bellevad that having the fibrous pulp typs A companent in the
proioneted siaie resulis in an smbryonic web which s more readily mechanically dewatered than an
otherwise Identically formed wab in which the flbrous pulp type A component is In the alkali-metal-cation-

state.

in the above, It la to be noted that the extent of acidification Is not merely that which would be required
1o start ihe wetlaying procses with flbrous pulp typs A component emporarily In the protonsted siste; the
protonated state needs to be maintsinad in the wet-end operations, at laast untl the embryonic web 1s
partlally dewatered as noled, since the natural afialinity reserves of tha process weter andior the fibrous
puip type B are atherwice capable of deietariously reveriing the typs A pulp to the relatively fragite and
diiffcultly dewstered aficall-metal-cation-axchanged stabs during wet-laying.

In praciical terms, the type A pulps can usefully be manulectured st a faclily remote from the
papermeidng plant, and can be acidified % convert them to the protonated state priar to shipping. This has
the advantage of baing able to ship at rether low water content, typically from about 10% to about 20%
solids. in genaral, aven when the type-A pulp Is shipped In the protonated stete, it will atfll sufter from the
shove-identified reversion problem unlees the practitioner further acidifies, o the extent neccessary for the
instant process. Thus, at the papermaldng plant, more acld will generally sl nesd (o be added. Clearly,
whethar acidifying the type A pulp Is done at the pulp manufacturing facllity or Inside the papermaking
plant, or partially at each, la Immaterial, since in elther of thess variations, an acidification step at the wet-
end of the papermsidng machine will (very preferably) be needed. Quits Irespective of the Initial stste of
fibrous pulp type A, the total amount of ackd used n the inetant process ts generalty [n excess of the total
alldlnnyglnnbylheaumd'hahllnmudmtypeAnndBpulpopImu'leplpennaldngpmuwaM.
A salisfactory extent of acidification is convenjently measurable, given the imowiedge that water draining
mmmm:mwm(aa..ﬂmMwammmMmd(c}nf
thaplmlhouldhnve-pHInH'lnrangaﬁwnnboutSbms.Eunmmmfalbly.mapHofm
dmlnmgmﬂnmblne-mdahpl(h)md(c)hlnﬂmnnneﬁomubuna.smnbnutﬁlndmmof
& waler sampie, 8.9., one extractable by aqueezing a sampie of the web, at the end of step (d) is In the
renge from about 8 to about 9, more preferably from 7 to about 8.

Aigo tn be noiad in relation tr the acidifying step, If the fibrove pulp type A i initially In the protonated
siate, acidification of the puip as a whols, to the necessary extent, may be accomphished quickly: thave Is
no particularly critical time, and a faw seconde’ acidificaiion time s generally sutficiant. However, i fibrous
puip type A Is riot initlally In the protonsted stete, sufficient acid contacting time, ganeralty at jeast about 10
minutes, more preferably about 30 minuies to about 80 minutes, should be gllowsd to ensure that
eunverﬂmhhopmmbdahbmahmm.-hd:mnhlningmutypanpulppluummughﬂn
fan pump, whese it is finally diluted and then passas to the haadbox and wine. Clearly, such signlificantly
long acidiffcation times make it necessary, when the type A pulp recelpts at the plant are In the eliei-meta-
uﬁmmm.mmmlddﬂyhgmeﬂbrau-ptuptypoAlnllhd:cMMﬁnnumgh
capaclty to ensurs that the conlinucus papermaling process will not be interrupted. Using such an
arangement, appreciable siock chest residence times, quite satisfaciory for the present purposes, are
eommon.‘l‘hemdﬂbromwlptypu\my.|!dulnd.bochmdbvmlcrumpicmmlmﬂon.
in the protonated state, discrete flbers of fibrous pulp type A are substantially ungwollen, and at Isast on
cursory examination, resembie conventional pepermaking fibers o a much greater exisnt than In the afkall-
mwwm.mmmm.mmmmmMswpmAnwm
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io the extant of about 2.5 - fold to about 4 ~fokd, or even more, ralafive to the protonated state thickness.

in relation o the the above-described preferrad embodiment, the alkali-adding process eisp (d)
dellberately places the flbrous pulp typs 5 alkak-meial-cation-schanged, hig
may appear suTprging i view of the greater difficulty of drying fibrous pulp type A in that stete. Without
belng bound by theory, flbrous puips type A, especially particutar chemical forms thereof discussed more
fully hereinafter, tend to undamgo chemical rsactions acdvarse io the ulimale absarbency of the paper sheet

If the heating of the web Is not limited as indicated. Most im , discovery that such adverse elgvated
MMme%nwﬁw #iate, as compared with
the protonated state of the fibrous pu A, grounds for deliberately Introducing e ke
mmww the ahove-described embodiment. On the other

hand, keeping the type A pulp In the protonaied state through as many as passible of the serly stages of
the procoss asgists dewatering and heipe retaln intagrity of the fibrous pulp type A at the wet-end. It has
akoady besn explained supm that pre-drylng prior to alkall trestment Is quits acceptabls, even If the
prodryar temperatures sasem to suggest the web sttaina high temperatures gimilar to those used at the
Yankea, in viaw of the reallly of great eveporative cooling effecta an the web In the predryer.

In another highly prefermed embodiment, the above-outined proceas can reedily be adaptad 1o lay down
& layarad web, for example by using a multi-channel headbex, and a web having two or three layers I8 laid
down in a single or iwin-wie formar of conventional design. When thvee layers are lnid down, pulp A Is
typically In the inner layer and pulp B Is typically used to form two outer layers.

As noted, It s preferred to uee a second loraminous member for later stages of mechenically
dewatsring the embryonic web. Very preferably, the second foraminous member takes the form of an open-
weave fabric or, even more desirably, takes the form of a deflaction member as described by Trokhan In
the ahove-referenced U.S. Patent 4,837.858.

Fibrous Pulpe

Bince numerous particulate matedats, including "crumb-like” and regularly sheped hydrocoliold par-
licles, have sometimes bean referred to as "pulps” in the art. the term *flbrous pulp® is used herein to
indicate that the puipe with which the Instant Invention s concemed, whether novel or convantional,
generaily have particle lengths and particle length-width (16., aapect) ratioe typical of and sultable for wet-
isying papermalking, and are not generally spherical or olherwise pectllerly shaped In any manner
significantly detrimental to wet-laying.

Type A Pulp Materiais

Atthough many maierials variously characterized as "hydrogais”, “super-absorbents”, "absorbent
polymers®, "chemically modified cellulose®, “polymer-modified pulp®, etc. are known In the art, the tarms
“polymer-modifted fibrous pulp®, "flbrous pulp type A®, or, for bravity, simply "type A pulp®, used hereln to
refor to an essential starting-materiel, are more namowly defined. Thus, the essential fibrous pulp type A
herein can, in genersl, be considered a3 consisting essenilally of a polymer-modified fibrous puip heving
two distinct siates: a protonatad state, and an aliali-metal-calion-exchanged state. By definition, these states
are asaoclated with significant differences in chemical and physical properties, The ierme usad are not
neccessarily Intended to Inslat upon absolutsly complets substitution of all lon exchange sitgs by protons or
alkall metal cations, respectively; only the extentt of subetitution which is practical Is Intanded,

As charecterized In the protonated state (whether wet or dry), the fibrous pulp type A generally has
fibrous morphology. in the protonated etete, the type A puip fibers are relatively non-swollen and resembio,
&l loast supecficially, the unmodifed form of conventional flbrous pulp from which the type A pulps originally
derive. In contrast, In the aliall-metai-cation-exchanged state, the flbrous pulp typs A has the form of a
substantially fibrous polyanionic hydrocoliold. For practical purposes the anlonic charge Is mostly
polycerboxylate-derivad. in preferred embodiments such as certain hydrolyzed grafted fibers, the mecha-
nism of water absorption by the type A pulp fibers In the alkalt-metal-cation-axchanged siale I8 not
nacessarlly sticdy hydrocolioldal, the structure of Individusl Mbers offering the additional possiblity of
capliiary wicking. invariably however, the type A pulp in the alkak-metal-cation-axchanged state le cherecter-
lzed by hydrocolioldal swelling upon weatting. Whether absorbing watser entlrely hydrocolioidally or with an
additional contribution by some othér mechanism, the iotal water or aqueous fluld ebeorbency of Mbrous
puip type A Is at least about 20 g/g, more preferably In the renge from about 20 g/g to about 80 g/g, as
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Type B Pulps and Other Materials Used In the Pragess

The preceding discussion has emphasized the relatively unusual fibrous pulp type A component usad
in the instant wet-laying papermaking process. Flbrous pulp type B Is conventional wet-ayable fibrous pulp
compstible with the type A pulps. More specifically, florous pulp type B is illustreted by a varisty of
conventional pulps such as kraft pulpe of hardwood or softwood, chemithermamaechanical puipe and sulfite
pulps. Typical type B pulp Is further lilustrated by northem sofiwood kraft puip, southem softwood krait
pulp, 8 mixture conaisting essantially of northern softwood kreft pulp &nd eucalyptus pulp, and a mixiure
consleting sseentially of northem softwood kraft pulp and chamithermomechanical puip. When the type B
pulp is & mbxure, the ralative proporions of the constituant conventfonal pulpe may vary widaly. Depending
on the intended use of the paper structure, recycled pulps may algo be usad 8s type B pulp in the instant
procesa. Preferrad mbdures of converional fibrous pulps used as the type B pulp companent are Hlustrated
by a type B pulp blend coneisting essentially of 80 % krait pulp and 40 % eucalyptus pulp: and another,
conalgting sgsentially of 70 % kraft pulp and 30 % chemithermomechanical pulp, dry basis.

The type B puip can be usad In admixture with the type A pulp at various leveis. Preferably, the relalive
proportions of type A and type B pulps, together conatituting the total pulp usad hergin, are such that the
total pulp, dry basis, consists ossentially of from about 1 % b about 20 %, more preferebly about 3 % 1o
about 16 %, most prefersbly 5% to about 15% fbrous puip type A and from about BO % fo about 80 %,
more preferably about 85 % to about 87 %, most preferably 85% to about 85% (brous pulp type B.

As noted, the acid most sultable for use in the ingtant wet-laying process is sutfuric acld. Sulfuric scid |z
Inexpensiva and papermeking equipment la more tolerant of this acid than other relatively inaxpensive
aclde, such g3 hydrochloric acld. Afalls sufabls for use hersin Include sodium hydroxide, sodium
blcarbonate, sodium carbonate, potassin hydroxide, potassivm bicarbonste end polassium carbonats.
Proferably, the aikall I8 In the form of an aquecus solution, typlcally having high concentration, g.g., the
maxdmum concentration consistent with the solubllity of the alkall In weter. Potasslum carbonale s
particulerly preferrad.

Opticnally, various compatible chemically homogeneous carboxymethyicellulosas, powdwred absorbent
copolymers, resinous polymere, siarch acrylates, sic.. such as those referred to In background hereinabove,
can aiso be used In the Instant wet-lsying process, provided that they are nonionic or anlonle in character.
No such materlals, It will be clear, are Included In defining the essential polymer-madifiad pulp (the typa A
pulp). Preferably, these particular opllonal materiale will be aveided altogether,

Additional Embodiments of the Process also Incorporating Optional Compatible Wat-strength
Addithes — — — -

Although the pressnt process is penerally practiced In the absence of cationic wet-strength resins such
83 KYMENE, which harm the sbsorbancy of the type A pulp, certain compatible wet-strength additives can
be used herein. Such compatible wet-strength additives are genermlly nonlonic or anionic, rather than
cationic in character. Examples of compatible wet-strangth addliives are provided by the anlonic or nonionic
{but not the cationic) water-soluble lonio-hydrophllic vinylamide polymers of U.S. Patent 3.656.932, Coscla
and Williams, lssued January 18, 1871, Incorporated herein by refarence. It ls emphasized that the cationic
polymers identifled In "632 are unsultable for use herein, Le., they are considered intarfering cetionic
materials for purposes of the present process. Preferred compatible wet-stength additives are the glyox-
ylaled anlonic polyacrylamides of ‘832. Mare spacificaily, these preferrsd compatible wet-strength additives
:;illuctrmd by Examples 8, 7 and @ of '932; the wet-strangth additive of ‘932 Example 8 Is especially

rrod.

Use of a compatible wet-stength additive In accordancs with the present invention cliffers specifically
from '832 in thet co-use of alum with the competible wet-strangth adcltive is not parmitisd since, as taught
hersinabove, the aium is incompetible with the type A pulp.

The compatible wel-strength aedditivas do not act 8s Interfering materiais, L.e., they do not harm the
absorbency of the type A pulp. Furthermore, their crossiinking to generate wet-sirength In the web very
preferably occure at temperatures which are significantly below those tempemiures identified hereinabove
a8 being capable of harming the absorbency of the type A puip.

Preferred embadimants of the wel-laying procass of the Invention giving stronger webe then thoss more
genarally obtainsble, Involve an additional, wet-strangth-adding step, comprising spray-on to the web, by
means of a conventional sprey-head, of the above-identified compatible wet-strength additives, said
additional, wel-sirength-adding step ntervening at any stage of sald process betwesn atap (b) and siep (e).
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Even more preferably, sald additfonal, wet-strangth-adding step Is positioned Immediaiely after step (d) and
Immediately prior to step (e).

§ Produoct Webe

The moet commonly prepared absorbant structures In accordence with the Invention will conizin fibrous
pulp type A In the aliall-matal-cation exchanged state, since the arisan will most likely practice not only the
essential acidificalion step, but also the optional by highly prafered allal-treatment step of the Instant

10 procees. The cormmesponding abaorbent siructures contain fibrous puip type A in the highly ebsorbant, lllﬂll-\
metal cation-exchanged siate, and the abeorbent structure can directly be used as an abaorbent article
{e-g.. a single-ply paper towel or wipe). Naturelly, it [s also poesible to make mona complex absorbent
wikios, for eample multi-ply towels at least one ply Is in accordance with the invention.

Naturally, if the practitioner Is prepared to forego the advaniages assoclated with the allali-treatment

15 slep in the [natant process, the acidic mixturs of flbrous pulps type A and B can be used In accordance wihh
the Inventon to make en “"scldic” ply, which can be sandwiched beiween atiine plies made from
conventional pulp so as to secure particular muiti-ply absorbent articies. When spllls are wiped using this
type of absorbant struciure, the afiall Is liberated and converis the type A pulp fo the highly sbsorbent
alkuit-metal-cation exchanged stete, In-ghu.

20 Mora ganerally, the paper wabe formed by the Instant procass are absorbent structure, more specifi-
cally sheets, which can be ugad In numerous forms of absorbent articie where quick ebsorption end good
walsr-absorbing capacity and retention of water or other aquecus fulds, Is required, all without encountering
signiiicant aesthetic disadvaniages such as "gel-feel” when the sbsarbent arlicle Is wat, or siiffness or
abscrbent materfal "shedding™ when i Is dry. The paper sheets of the invention are directly usefd as

2 single-ply Ussuas or towels, or ere Incirectly useful as an element of multi-ply dispossble paper tissues,
towels and wipes; or are further Indirectly ussful through conventional papsrmaking converting operations
yleiding catarnenial articles and dresalngs of varlous kinds.

In addition to the process described In detell herelnabove, the Invention encompasses a preferrad
embodiment of an sheorbent sitructurs, In the form of & wet-lkd peper sheet, having the following

30 charecteristics:

The absorbert structure comprises from about 6% to about 15% of flbrous pulp type A. The puip type
A consista essentiaily of a polymer-modified fibrous pulp having distinct protonated and aliall-matal-cation-

.. xghanged siates. As characterized In the protonated state, pulp type A has relatively non-swollen flbrous
morphology. As characierized in the alkal-metal-cation-exchenged siate, pulp type A has the form of a

3 substantially fibrous polyanionic hydrocoliold further characterized by hydrocolioidal swalllng upon wetting,
fo the exdent that sald Rbrous pulp type A has a water or aqueous fluid absorbency of from about 20g/g 1o
&bout 80 g/g, measured by the TBAV method, and a rate of water or equeous fluid abeorption such that
said fibrous pulp type A reaches &t least 80% of its mmdmum water-absorbing capacity within 10 seconds,
measured by the VELM method. The polymer-modified fibrous pulp (pulp type A) ia charactaristically fragile

£ and dmummlnmemuhlmmmhummdmmmm
pnpanmﬂugﬂbmmdlahdmmumpﬂbhhdmﬁnﬂmummmmmmmblm
of both of the classes of cationlc maierials (i) multivalent metal lons such as are commonly pressnt In
papermaking process water and (I} catlonic polymers or cationic polyelscimiytes conventionally known for
use In papermaking for improving paper wet-strangth. Palymer-madified fibrous pulp type A Is ulso

4 charscterized by & aignificant relative decrease In freglitty, Increass In ease of dewetering and Increase In
resistance o muitivalent metal fons In the proionated staie as compared with said alkaf-metai-cation-
axchanged state,

Tha balance (o 100%) of the abaorbant structure comprises conventional paparmaking pulp (type B
puip) and, optionally, non-imterfering additives, such as the glyaxylated anlonic or nonlonic {but not catlonic)

%0 polyscrylemkies described In U.S. Patent 3,558,032,

The properties of the absorbent structure, l.s., the paper sheet, are as follows: density In the range from
abwlO.Dsyan’babunozsgluni:momnturaruqumnmmmmcyofﬂnmmmam
from about 2 gfy to wbout 10 g/g as measured by the TBAV method; and ol wet tenalle, machine
direction plus crosa-machine directions, In the range from about ginch (187 giem) to about 1500 gfinch

#5 (581 giom). Furthermore, the paper s the product of 8 process comprising both wet-laying ssid putps and
&t least parfially dewsatering the resulting wet paper sheet whilst maintalning flbrous pulp type A In the

protonated staie; swid wei-aying and ) dowa
mumﬂmvmk.um.Ma lering operations being conducied In the substantiel
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Examples

The following exampies illustrate particularly preferred type A fibrous pulps, and further Hiustrate the
mmmdwm.mwmhmwmwumhumu
comesponding with the first valus given are those of the experimental meesurement (thess unlis are
commonly used by papermakers in the United States of America). The unha of the second vaiue, when
present, are Mstric System units, and are based on applying meiric conversion factors to the first value.
Unisas otherwige Indicated, the paper properties are reported for a single ply of paper, l.e., as dirsctly
procluced using the machine lliustrated in Fig. 1 herelnabove.

Baample 1

Preparation of Polymer-Moditfiad Pulp Fibera, fibrous pulp type A, by grafting and hydrolyeis process:

Starting-Materials:

Conventional kraft pulp fibers are used as the substrate pulp; more spacifically, southem softwood kraft
{S8K), HP-11 grade, Foley Plant, from Procter and Gamble Celluicee, Buckeye, is quite sultable. Methyl
Acrylate, used 1o polymer-modily the 8SK puip, is obizined from Polyscience inc. or Plaiz & Bauer Inc.
Ceric Ammonium Nitrate {anhydrous, crystals) Is obtained from Flsher Sclentific Co.

The equipment comprises a grafting reacior, which is a conventional stainless sieel stimad roactor of
about 125 galion (about 473 lter) capacly equipped with steam-heailng colls. Also vesed Is a centrifuge
(Buck, Model 755, 30 Inch (78.3 cm) dlameter bowl, 5 horsepower (3.73 kW), 1725 rpm.) Tha samae reactor
is used for both the grafting step and the hydrolysis slep.

The grafting of the substrate pulp Is cardad out as follows: Welgh out 3.5 kg bone dry HP-11 (88K,
Southern Boftwood Kraft). Sosk the HP-11 pulp fibers In about 110 galions (about 418 litars) water
ovamight. Tap water can bo used, but the water ia more preferably demineraliaed. After overnipht soak, add
about 280 mf of concentrated nliric acld, mixing effectivaly but not at high shear; pass nitrogen gas info the
resulting mixiure, thereby purging elr disscivad In the mixiure, Continue light mbdng and paseege of
nlrogen for sbout 30 minutes: a pH reading taken at this stags should preferably ylsid a pH value In the
range from about 2.0 to about 2.5. Add 10.5 liters of methyl acrylate to the mixture and stir for about 20
minutes. Add 241 g of ceric enmonfum nitrate dlasolvad in 2 Ilers of walsr. Mix for about § minutesa. (An
Increass In mixing spead will generally be required at this siage to ensure food dispersion of ceric
ammonium nlirate.) Stop mixing and paasage of nitrogen. Allow the mixture to siand for sbout 4 hours,
during which time the matiy! acrylate-grafiing resction occurs. Pump the mixture Into & centfuge and wash
with about 220 galions (833 iiters) deminerahized water, using a centrifuge spead of about 1725 rpm to
seperate the wash water from the methy! acrylale-grafted pulp. Typically. aboul 12 kg of methyl acrylate
praftad pulp (dry basis} ls obtained. (This pulp llustrates pulp of the general type raferred to alsewhere
herain as "intermaciiate fibrous graft copolymer®). .

Hydrolysls of the mathyl acrylate grafied pulp Is carried out under mild condlilons, as follows: Transfer
the methyl acrylate-grafied pulp Intp the clagn hydrolysis reacior. Add an amount of weter calculsted to give
& mixure contalning 2.5% sollds and §7.5% water upon campletion of the hydroxide addition step Infre, Mix
siowly and thoroughly. Add sodium hydrosdde (frash 60% aquesous solution) in an amount of sbout 0.82
itres/kg of methyl ecrylaie grafted pulp. Typlcally, about 10 Uters of sodium hydroxide sofution are required
when operating at the scale of the Instant example. Heat thea mixiure to about 80 °C by pessing steam
through coils in the reacior. 8top mbdng. Let hydrolysis resction procesd for about 2 hours. Pump the
hydrotyzed methyl acrylate~greited pulp mixture to a centrifuge.

Acld treatment and washing is now canried out as follows: Canirifuge the mbdure to remqve as much of
the sodium hydroxde ae possible. With the centrifuge running, pump in an acid solution {(made from about
§ llters sulfuric acid (96%) In about 130 gelions (492 Iters) of derinarailzsd water), treating the hydrolyzad,
methyl acrylate-graftsd pulp with this acld solution untll the pH of the eftiuent from the centrifuge drops to
about 2.0. Carry out a follow-up washing with a second, more-dilute, acid solution (318 ml concentratad
sutfuric acid In about 300 gallona {ebout 1136 liters) of demineralized water). After follow-up washing,
cantrifuge {1728 rpm) for about 15 minutes and remove the polymer-modified type A puip ibers. Use these
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fibers without further treatment es type A pulp in tha Examples hareinafter, The absorbency (TBAV method)
of the product type A pulp in the alkall-metal-cation-exchanged state le ebout 40 g/g (pH B): In the
protonated siate, the absorbency {TBGV method) e about 4 g/ (pH 2).

Example 2

A paper sheat Is produced In accordance with the process Iustreted and described In connectlon with
Fig. 1.

Fibrous pulp type A is the product of Example 1. Flbrous pulp type B Is a mixtre of chemlther-
momechanical pulp (Quesnel Co.} and bleached northern softwood kraft pulp (@rand Pralrie, P&G Cel
hiloss). The type A pulp Is mads up inio a stock having & consistency of about 0.8% In chest 1 using water
having & hardness of less than 5 ppm (calclum plus magnesium). Process weler supplies used at other
stages of tho paparmaking operaion have hardnass of about 100 ppm (caiclum plus magnesium). No
cationic materfals, whather In the form of cationic wet-strengih resine or aqueous polyvalent metal cations,
are added at any stage. Aqueaus concentrated sulfuric ecid is In storsge vessel 3 (corroslon-resistant
slecls are generally used in the constructin of all process equipment herein which may be expossd to
comosive acids). The aqueous disparsion of type A pulp in chast 1 has a pH of about 3.5. The pH of the
aquecua dispersion of type B pulp In chest 2 Is abaut 3.5 and the conalstency Is about 3%. The headbox
12 is » Fieed Roof Foymer, equipped with (s) e multf-orifice distribution plate to redirect incoming fumish
and distributs it squally over the widih of the first foraminous member, {b) a chamber o promote turbulence
in the distributed flow and to prevent flocking, (c) a fow channel to canry the fumish 1o the fysi foraminous
member and (d) disiribution leaves to further promote harbulence. The consistency of the acldic stock at the
headbox g about 0.15-0.2%. Flrst foraminous member 16 is 84-mesh, 5-shed, M-design, with fllament
dlamstar of .17 Inch (4.3 milimaters) in the warp and shute, specifically, 84-M DURAFORM Pliot Machine
Fabric, obtainable from Albany international Corp., Appleton Wire Divigion. This foraminous member moves
continuously at S00 feat par minute (about 1524 matars per minmute). Flow and wire movement are
reguialed 3o that a uniform, molst web (smbryonic web) Is lald down. The pH of water dralning from this
embryonk: web [s about 3.7. The embryonic web iravels as shown In Fig. 1 untll it s transferred by means
of B convertional vacuum plickup shos {not shown In Fig. 1). The location of the vacuur pickup shoe fs
conventional, i.e., betwesn 22 and 27 and It is positionad so as tc assist transfer of web 20 from firat
foraminous member 18 to second foraminous member 21. The vacuum plcikup shoe operales at a vacuum
of §-8 Inches of mercury (27.04 - 3042 kiloPascal). Sacond foraminous member 21 Is & woven synthatic
transter fabric, 31M x 29, 38, obtainahis from Appleton Wire Divislon of Abany ntemational Comp.

The papar web 21 arrives at & spray-and-vacuum box et the altemate position 29a and is there treated
with agueous potassium carbonate having a concentration of sbout 4 M (mole per lifer) by means of a VIB
sprayer, VIB Systemns Inc., nozzie size 1 mm, 4 nozziee epaced ovar 18 Inchoe (40.84 cm), alr atomization.
Tha alkall passss Into the web, and thers In-situ, takos type A pulp from the acidic state 1o the alkali-mete-
cation-exchanged state. Some waler and unreacted sikall are removed from the web by the spray-and-
vacuum box 208 by applying a vacuum typleal for issue-papar meking, e.g., about B - 8 Inches of mercury
(27.04 -30.42 KioPagcal). The web now has a conaistency of about 20.7 % and anters a conventional lorced
air predryer 28. This predryer s {In common with ali the other parta of the paper machine which handle the
wet papar web) so designed as to avold compacting the web: instaad, drying Is here achieved by passing
hot alr through the moist paper web and through the second foraminous member. The pradryer alr inlet
{empersture ls about 178 °C. The peper wab hes a conslstency of about 50% on the second foraminous
member (eaving the predryer. The web continuea motion indicated by motion amow 28, and arrives st &
conventional Yankes dryer arrangement 33, whereon the paper web I3 finally dried. The Yankea dryer
Includes conventional adhesive applicator meanis and a docior blade for creping. The Yankee operates at a
temperature ol about 168 °C. A conventions! polyvinyl alcohol glue (0.0256% solution) s convanbonally
applied 10 bond the web fo the dryer drum, and 1S % creping Is appfied. If desired, some calendaring and
further converting operations may be camied out, e.g.. io make two-ply towels. The properiies of the
resulling paper sheet arn as foflows:

18



PCT mwlmm.ﬂcmm - TY ORGANIZATION @

Internat urest
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{51) Intcrnations] Patent Classificution 6 : (11} Intermutional Publicution Numbor: WO 9824974

D21H 2310, 2120 # 17:07, 17:09 Al @ sermationsl Publication Date: 19 June 1998 (11.06.98)

(21} Intermational Application Numbert PCT/US97/214)4 | (81) Dexignated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY. CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,
(32) Internutimal Filing Dats: 25 November 1997 (25.11.97) GH, HU, ID, IL, IS, JP, KB, KG, KP, KR, KZ, LC, LK,

(38) Priority Duta: TR, TT, UA, UG, UZ, VN. YU, ZW, ARIPO patent (GH,
08/760,331 4 December 1996 (04.1296)  US KE, LS, MW, SD, 8Z, UG, ZW), Buratian petent (AM, AZ,
BY, KG, KZ, MD, RU, T), TM), Europesn patent (AT, BE,
CH, DR, DK, BS, Fl, FR, GB, GR, IE, IT, LU, MC, NL,
(71) Applicant: XIMBERLY-CLARK WORILDWIDR, INC. PT. SE). OAPI patent (BF, Bl, CF, CQ, C1, CM, GA, GN,
|US/US]; 401 North Lake Streel, Neensh, WI 54956 (US). ML. MR, NE, SN, TD, TG).
(72) Inventor: SUN, Tong; Apuriment 8, 1747 Golf Bridge Drive,
Neenah, W] 54956 (US). Pablished
With international search report.
(74) Agents: CROFT, Gregory, B. @1 al.; Kimberly-Clark World- Before the expiration of the time iimit for avending the
wide, Inc., 401 North Lake Street, Neenoh, W1 54956 (US). claims and jo be republishad in the event of the receipt of
amendments.

(34) Tule: METHOD FOR MAKING WET STRENGTH PAPER
(57) Ahwiract

. Tho invention is a method for hnproving the cfficlency of aqueous cationic wet sirangth addltives by pretresting cellulose surfaces
with reactive anionic compounds, thus providing the celluioss surface with additional anionic sites svitable for retaining a high proponion
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METHOD FOR MAKING WET STRENUTH FAFER

Background of the Invention

In the art of papermaking, chemical materials exist for improving the strength of
paper when wetied with water or aqusous solutions, including body flulds such as urine,
biood, mucus, menses, lymph and other body exudates. These materials are known in
the art as “wet strength agents™ and are commercially available from a wide varisty of
sources. Any material that when added to a paper wab or sheet results in providing the
sheet with a wet geometric tensile strength:dry geometric tensile strength ratio in excess
of 0.1 will, for purposes hereln, be termed a wet sirength agent. Typically these materials
are termed either as permanent wet sirength agents or as “temporary” wet strength
agents. For the purposes of differaﬁtlating permanent from temporary wet strength,
parmanent will be defined as those resins which, when incorporated into paper or tissue

* products, will provide a product that retains 50% or more of its original wet strength after

exposure to walter for a period of at ieast five minutes. Temporary wet strength agents
are those which show less than 50% of their original wet strangth efter exposure to water
for five minutes. Both classas of material find application in the present invention.

The substantivity or effectivanass of many cationic wet strength agents is limited
by low retention of the wet strength agent on the cslluiose fiber. Much of the applied
chamical may not be retained on the fiber, but remains in solution or is washed off after
application, for there are relatively few anionic sitag on the cellulose surface to attract the
charged wet strength agent, and in some casas there may be a large numbar of anionic
sites on colloidal particles or ather particles in the fiber suspension which may adsorb a
large portion of the wet strength agent, limiting its affectivenass in increasing wet
strangth. Cationic additives are sometimes used to help neutralize excess anionic sites
on colloidal particies or “anionic trash" in the suspension, to allow more of a subsequently
added cationic wet strangth resin to attach to the fiber surface and not to be preferentially
absorbed onto non-fiber components.

Further, the presence of anionic additives or agents in the pulp has a deleterious
effect on the efficiency of cationic wet strength agents. This adverse effect can be
reducad by adding “cationic promoters” to the stock, as is known In the art of
papermaking. Cationic promoters typically include polyethyleneimine with a cationic
charge of about 0.75 to 3.5 millequivalents/gram, quatemtzed polyamines, such as
polydialytdimethylammonium chloride, or cationic starch. Commonly usad cationic resins
include palyquatemary amines and are avallable from Cytec Industiries under the trade

1

Iy



WO 9824974 BCT/USS 721434

names CYPRO 514, 515, 516. Cationic promoters are added to the stock in advance of
the wet strength resins to ensure adequate mixing and adequate contact with the fibers.
When used, the cationic resins are genelly used in an amount of about 1 to 10 pounds
per ton or 0.05 to 0.5%. The cationic promoter can be used at 0 to 0.5 wt %, typicatly the
resins are used in an amount of about 0.02 to 0.3 wt % and preferably 0.1 to 0.2 wt %.
The manufacturer of the promoter will typically recommend a pH for its use. The Cypro
resins are effective over a pH of about 410 9.

However, the use of cationic promoters does not Increase the number of anionic
sites on the fiber surface Itself, and may decreass the number of such sites, such that
the intrinsic potential of the cationic wet strangth agent to Increase wet strength Is still
limited by inadequate attachment sites on the cellulose surface. The extent of anionic
sites on the cellulose can be measurad in terms of the carboxyl group content of
caljulose, which is typically measured to be about 2 to 5 miiliequivalent per 100 grams of
cellulose, or higher.

Therefore, an object of the presant invention Is to Increase the number of anionic
sites on the surface of papermaking fibers by pretreating the fibers, thus Increasing the
substantivity of subsequently added cationic wet strength agents that form covalent
bonda with the callulose. A further object of the present invention Is substantially
increasing the wet strength of paper that can be achieved with a given dose of wet
strength agent. In particular, an object of the present invention is to Increase the wet
strength that can be achieved with a given quantity of wet strength resin by a factor
greater than 20%, preferably greater than 40%, more preferably greater than 50%, and
most preferably greater than 70%. Another abject of the invention [s to provide a method
for anhancing wet strength in paper capable of achleving wet tenslis strength values in
substantially unrefined paper of over 1500 gfin, praferably over 2000 g/in, and most’
preferably over 2300 g/in, based on a 80 gsm Tappi handsheset. A further object of the
Invention Is to provide wet:dry strength ratios greater than about 0.2, preferably greater
than about 0.3, more preferably above about 0.4, still more preferably betwean 0.2 and
0.5, and most prefarably greater than 0.5.

Summary of the Invention
The present invention resides in a method in which cellulosic fibers are pretreated
e ——

with a fiber reactiva anionic compound to increase the substantivity of cationic wet
strength agents. In this method, an aqueous slurry of papaermaking fibers is treated with a
substantialy coloriess flber reactive anlonic compound, wherein the fiber reactive anlonic
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compound comprises a fiber reactive molety suitable for forming a covalent bond (for

aexampie, an ather-type linkage) with hydroxy! or other groups on the csllulose surface.

The pH of the slurry must be adjusted to ansure that it is sufficiently high to drive the

reaction of the reaclive anionic compound with the qellult_:_sl. The slurry can be at a high O
fiber consistency, preferably from about 5 to about 50%. High consistency is desirable

because it reduces the amount of water affectad by the chemical tfreatment process and

aliows more efficient use of the fiber reactive anionic compound. Subsequently, the slurry

is diluted, if necessary, and mixed with a cationic wet atrength agent. The treatad fibers

are formed Into a paper web using procassas well known In the art and driad under

conditions sultabje for curing the wet strength agent.

The present invention also resides in a chemical treatment process that increases
the number of anionic attachment sitas for cationic polymers on celluiose by means of
reaction between a triazine or other reactive group on a colorless reactive anionic
compound further comprising at least one sulfonic or carboxylic group sultable for
establishing an ionic bond with a cationic wet strength agent, followed by addltion of a
cationic polymer and alkalization to drive reaction of the reactive anionic compound with
celiulose.

The invention also resides in a method of preparing paper with relatively high wet
strength and low dry strength by first increasing anionic sites on the cellulose fibers with
sald fiber reactive anionic compound, followed by addition of a chemical debondar agent
and a cationic wet strength agent. The debonder agent may be applied to the fibers while
the fibers are in solution, followed by addition of the cationic wet strength agent,
wheraafter the paper is formed, dewatered, and dried. Allematively, the debonder agent
may be applied to dried or partially dried paper web that has basn prapared with a fibar
reactive anlonic compound and a cationic wet strength agent. In either case, the
debonder agent Interferes with hydrogen bond formation, reducing the dry strength of the
paper, while having relatively little effect on covalent bond formation. The result ia a
paper with an increassd wet dry tenalie strength ratio. Such paper can have reduced
stiffness and improved sofiness due to the reduced extent of hydrogen bonding, while
still having high wet strength.

iled jon of the | tio|
The first stap In the method of this Invention Is providing an aqueous slurry of
papermaking fibers. It is anticipated that wood pulp In all its varieties will normally
comprise the papermaking fibers used in this invention. However, other cellulosic fibrous
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pulps, such as cotton liners, bagassa, rayon, kenai, milkweed fibers, and the like can be
used. Wood pulps useful herein inciude both suiphite and sulfate pulps as well es
mechanical and thermomechanical puips all well known to those skilled in the art,
including chemithermomachanical pulp and bieached chemitharmomechanical pulp. High
brightness pulps, indluding chemically bleached pulps, are especially preferred for tissue
making, but unblsached or semi-bleached pulps may aiso be usad. Puips derived from
both declduous and conifarous trees can be used. Recycied flbers are included within the
scopée of the present Invention.

The second stap of ths present invention {s chemical pretreatment of the fibers by
adding an effective amount of a fiber reactive anionic compound to the fiber slurry. The
preferred amount of fiber reactive anionic compound added o the fiber slurry is from
about 0.01 to about 4 wt % basad on the dry fiber waight, prefarably from about 0.05 to
about 2 wt %, more preferably from about 0.08 to about 1.5%, and most preferably from
about 0.1 to about 1 wi%. (All weight percentages refamed to herein are on a dry basis
unless otherwise stated.) The pretreatment of papermaking fibers to increase
substantivity toward cationic compounds Is achleved with colorless fiber reactive “dyes”
modified to be without chromophore groups and further maodifled, If necessary, to ensure
the prasence of at least one anionic molety such as a sulfonic or carboxylic group. The
anionic moiety serves as the sita for lonic bonds with cationic groups of a cationic wet
strength agent, helping to form a bridge beiween the fiber and the wet strength agent to
hold the wet strength agant on the fiber, thus increasing the effectiveness of a given
dose of wet atrength agent In a papermaking fumish.

Sultable reactive anionic compounds are organic molecules comprising at least
ane anlonic moiety such as a sulfonyl or carboxyl group and at least one fiber reactive
group capeble of farming a covalent bond such as an ether-type linkage to a hydroxyl
group on cellulose, salected from the group consisting of monohalotriazine,
dihalotriazine, trihalopyrimidine, dihalopyridazinone, dihaloquinoxafine, dihalophtalazine,
halobenzothiazole, acrylamide, vinyisulfone, p-sulfatoethylsylfonamide, p-
haloethyisulfone, and methylol, with dihalotriazine believed to be particularly
advantageous because of an ability 1o aliow reaction with the fiber to occur at lower
temperatures than monohalotriazine and related compounds; and with chlorine as the
preferred halogen. The reactive anionic compound further comprises a bridging group
between the fiber reactive molaty and the anionic group, sald bridging group comprising
an allphatic, an aromatic, an inertly or essentially Inertly substituted aromatic, a cyclic, a
heterocyclic, or an inertly or essentially inertly substituted heterocyclic radical,
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charatierized by low absorption of visible light. in one embodiment, the bridging group is
bondad to the fiber reactive moiety by means of an -NH-group or by & peptide bond

involving the group
o 1>/

|
—C—NH—.
In another preferred embodiment, the reactive anionic compound is substantiaily

water soluble and has a molecular weight less than 5,000, preferably less than 3000,
more preferably less than 1500, and preferably between 300 and 1000.

More specific exampies of sultable reactive anionic compounds are given by the
formula:

W—R—Y—X—B

wherein W is sulfonyl or carboxyl or salts thereof; R Is either an aliphatic, an aromatic, an
inartly or essentially inertly substituted aromatic, a cyclic, a heterocyclic, or an inertly or
essentially inertly substituted heterocycdlic radical, characterized by low absorption of
visble light, and preferably being resistant to attack or cleavage at 70°C over a pH range
of 6 to 8, preferably 6 to B, more preferably 5 to 8, and most preferably 4 to 10; Y
gignifias NH or

o

]
—C—NH—;

X is a moiety suitable for forming a covalent bond such as an ether-type linkage
to a hydroxyl group on cellulose, selected from the group consisting of monohaktriazine,
dihaletriazine, tihalopyrimidine, dihalopyridazinone, dihaloquinoxaline, dihalophtalazine,
halobanzothiazole, acrylamide, vinylsulfone, p-sulfatoethylsylfonamide,
p-haloethylsulfone, and methylol, with dihalotriazine believed to be particularly
advantageous because of an abllity to allow reaction with the fiber to occur at lower
temperatures than monohalotriazine and related compounds; and with chiorine as the
preferred halogen; and

B is either hydrogen, a group of the formuia Y-R, wherein Y and R are defined as
above; or a group of the formula Y-R-W, wherein Y, R, and W are defined as above. A
particular commerclally available exampie of a suitable fiber reactive anionic compound,
discovered to be usaful for the present invention, is the nylon dye retardant Sandospace
S produced by Clariant Corp., Charlotte, North Carolina. While the formula of
Sandospace S Is propristary, chemical analysis and partial information from the supplier
confirms that it has a chiorinated triszine group, aromatic structures, and sulfonic groups.
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The above formula provides one class of suitable structures. Related structures
within the scope of this Invention can have multiple sulfonyl or carbonyl groups attached
to various locations of the molaecule, including on segments of the bridging group or aven
directly attached to part of the fiber reactive group. Multiple fiber reactive groups may
also be attached to one or more bridging groups, allowing the reactive anionic compound
to attach to muitiple adjoining sites on a cellulose surface.

Whereas treatment with fiber reactive dyee are typlically carted out in dilute
slurries, such as about 2% consistency, it has bean surprisingly discovered that the
reaction of the present invention can be successfully carried out with low amounts of
liquid, including high consistency fiber slurrias with fiber consistencles over 5%,
preferably betwean § and 50%, preferably greater than 10%, more preferably greater
than 15%, and most preferably greatsr than about 20%, and desirably between 10 to
30% consistency. The reduced use of water improves process efficlency and reduces
water treatment burdans. For high consistency treatment, it Is desirable to employ high
consistancy mixers such as those recsntly known in the art of papermaking and
bleaching. Hobart batch mixers, for axample, may be useful in preparing the slurry at
high consistency. Usaful continuous high consistency mixers are produced by Sunds
Defibrator, Norcross, Geargia, and other vendors. For best results, mixing should be
done with adequate shear to thoroughly and unfformly mix the reagents with the fiber ?
slurry.

The third step Is adjusting the pH and temperature of the slurry to effectively driveé’— >
the reaction between the fiber reactive anionic compound and the fiber. Once applied to -—
an aqueous fiber siurry, the reactive anionic compound added in the second step may
not react significantly with the celiulose until the pH and the temperature are both
sufficiently high. Alkalization is typically nacessary to raisa the pH above 6, preferably
above 7, more preferably above 8, stili more preferably between 8 and 11, and most
preferably batween 8 and 10, in order 1o crive the reaction toward completion. Alkaline Y q"ﬂ
agents such as sodium hydroxide, trisodium phosphate, sodium bicarbonate, and sodium
carbonate, either singly or In combination, are prefarred for their low cost, their chemical O 90
effectiveness, their ganeral compatibllity with tissue making operations, and their easa of
handling and proceasing, but other alkaline compounds may be selected as well,
including but not limited to calcium oxide, potassium hydroxide, potassium carbonate,
and related compounds. o

Alkalization of the fibrous slurry can be dona either before, during, or after
addtion of the reactive anionic compound to the fibers in the second atep. Based on
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experimental results, alkalization after addition of the reactive anionic compound is
preferred bacause It results in higher vield and efficlency (higher substantivity of the wet
strength agent, manifest by highar wet strength of paper at a given dosage of wet
strangth agent). Without limitation, it is believed that alkalization too early in the process
can cause some hydrolysis of the reactive group of the reactive anlonic compound,
resulting in lower yieki.

In an especially preferred embodiment of the Invention, slightly more of an
alkaline compound ia added to the slurry than would be needed to neutralize the acidic
byproduct of reaction baiween the reactive anionic compound and a hydroxyl group of
the cellulose. For example, when the reactive group is monochlioro triazine, the acidic
byproduct Is hydrogen chloride. Adding sufficient sodium hydroxide in the post-
alkalization treatment to more than nautralize the hydrogen chioride, assuming complete
reaction, has proven to be effective in achleving the desired reaction and the dasired wet
strength properties. Thorough mixing of the slurry during alkallzation is desirable.

Simultaneously or subsequent to the alkalization, a temperature of 20°C to 150°C
is typically needed for practically rapid reaction rates, with a preferred temperature range
of 20 to 120°C, more preferably 20°C to 100°C, more preferably still 40 to 85°C, and
most preferably 50 to 80°C. Of course, the optimum temperature will depand on which
fiber reactive anionic compound is used. If the siurry is below a suitable temperature
l"anga. temperature elevation may be achiaved by contact heating through the use of a
haat exchanger, heatad vessel walls, steam injection, or any of the many means known
in the art. For uniformity of reaction, good mixing of the alurry during heating 1s deairable.
The adjustmeant of iemperature need not ba simultaneous with the addition of alkaline
compounds or with the addition of fiber reactive anlonic compound, but preferably will
follow addltion of the alkaline compound. The proper temperature should be maintained
for a sufficient period of time to drive the reaction to a usefu! degree of completion.

The fourth step is adding an effective amount of cationic wet strength agents and
water to seld aqueous slurry, creating a papermaking fumish, Mixtures of compatible wet
strength resins, including those described previously, can be used in the practice of this
invention. Additional compounds and fillers or solid componants may be added. This step
may be done simultaneously with the second step, or could even precade the second
step, if desired, although better efficiency is obtained by performing the addition of
cationic wet strength agents after chemical pretreatment of the flbers. Any amount of wet
strength agent may ba added, but for efficient use and reasonable cost it is desirable that
lass than about 30 pounds per ton or 1.5 wt % on & dry fiber basis be added, preferably
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between about 0.02 to 1.5 wt %, more preferably between 0.02 to 1.0 wt %, and most
preferably between about 0.05 to 0.8 wi %. Any cationic wet strength agent suitable for
paparmaking may be used. For high wet reslliency tissue, preferable agents should be
capabie of forming covalant bonds with celiulose. In the usual case, the wet strength
resins are water-soluble, cationic materials. That is to say, the resins are water-soluble at
the time they are added to the papermaking fumish. It is quite possible, and evan to be
axpected, that subsequent events such as cross-linking will render the resins insoluble in
water. Further, some rasins are soluble only under speacific conditions, such as over a
limited pH range. Wet atrength resins are generally believed to undergo a cross-linking or
other curing reactions after they have baen daposited on, within, or among the
papermaking fibers. Cross-linking or curing does not normally occur so long as
substantial amounts of water are present.

Particular permanent wet strength agents that are of utility in the present invention
are typically water soluble, cationic cligomeric or polymeric resins that are capable of
either crossiinking with themselves (homocrasslinking) or with the callulose or other
constituent of the wood fiber. Such compounds have long been known In the art of
papermaking. See, for example, U.S. Pat. Nos. 2,345,543 (1944), 2,926,118 (1985) and
2,928,154 (1980), all hersin incorporated by reference. One class of such agents include
polyamine-epichiorohydrin, polyamide epichiorohydrin or polyamide-amine
epichlorohydrin resins, collectively termed “PAE resins.” These materials have been
described in patents issued to Keim (U.S. Pat. Nos. 3,700,623 and 3,772,076 hereln
incorporated by reference) and are sold by Hercules, Inc., Wilmington, Delaware, as
Kymene, e.9., Kymane 557H. Related wet strength agents are sold by Georgla Pacific
under the name Amres, e.g., Amres B855. Other sultable materials are marketed by
Henkel Chemical Co., Charlotte, North Carclina. Materials developed by Monsanto and
marketed under the Santo Res label are base-activated polyamide-epichiorohydrin resins
that can be used In the present invention. These matarials are described In patents
issued to Petrovich (U.S. 3,885,158; U.S. 3,880,388; U.S. 4,128,528 and U.S. 4,147,5886)
and van Eenam (U.S. 4,222,821) all herein incorporated by reference.

Although they are not as commonly used in consumer products, polyethylenimine
resins are also suitable for Immobilizing fiber-fiber bonds. Another class of parmanent-
type wet strength agants includes aminoplast resins (e.g., urea-formatdehyde and
melamine-formaldehyda).

The permanent wet strength agent Is typically added to the paper fiber in an
amount up to about 20 pounds per ton or 1.0 wt %. The exact amount will depend on the
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nature of the fibers and the amount of wet strength required In the product. As in the
case of the temporary wet strength agent, these resins are generally recommended for
use within a specific pH range depending upon the nature of the resin. For example, the
Amres resins are typically usad at a pH of about 4.5 10 8,

Temporary wat strength agents are also useful In the method of this invantion.
Suitable cationic temporary wet strength agents can be selacted from agents known in
the art such as diakishyde starch, polyethytene imine, mannogalactan gum, glyoxal, and
dialdehyde mannogalactan. Also useful are cationic glyoxylated vinylamide w-;f;Engm
resins as described In U.S. Pat. No. 3,556,932 issued fo Coscia et al. on Jan. 19, 1971,
and in U.S. Pat. No. 5,468,337, ~Repuipable Woet Strength Paper,” iasued to Willam B.

Darlington and Willlam G. Lanier on Nav. 14, 1085, Useful water-soluble cation resins
include polyacrylamide resins such as those sold under the Parez trademark, such as
Parez 831NC, by Amarican Cyanamid Company of Stanford, Conn., generally describad
in the above-mentioned patent issued to Coscia et al. and in U.S. Pat. No. 3,558 833
issued to Willlams et al. on Jan. 19, 1871. U.S. Pat. No. 4,605,702, Guerro et al., issuad

August 12, 1888, discloses temporary wet ltrangth resin made by reacting & vinylamide
polymer with glyoxa!, and then subjecting the polymer o an aqueous base treatment.
1118 product Is sald to provide tissue paper which loses a part of its wet strength when

soakad in water at neutral pH , 178, Bjorkquist and Schmidt, issued
July 29, 1888, discioses related temporary wet strength resins. Generally, the cationic

temporary wet strength agent is provided by the manufacturer as an aqueous solution
and is added to the pulp in an amount of about 0.05 to 0.4 wt % and more typically in an
amount of about 0.1 to 0.2 wt %. Depending on the nature of the resin, the pH of the
pulp is adjustad prior to adding the resin. The manufacturer of the resin will usually
recommend a pH range for use with the resin. The Paraz 831NC resin can be used at a
PH of about 4 to 8.

The fifth step is depositing said papermaking fumish on a foraminous surface to
form an embryonic web. This step may further comprise dewatering and other operations
known In the art prior to drying of the web.

The sixth and final step is drying the web. Any of the techniques known to those
skilled in the papermaking art for drying wet fibrous wabs can be used. Typlcally, the web
ia dried by heat supplied by air moving around, aver, or through the web; by contact with
a heated surface; by infrared radiation; by exposure to superheated steam, or by a
combination of such methods. The exact point at which the wet sirength agent begins to
cure during the drying of the wet fibrous web is an indistinct one. What Is required in the
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present Invention is that the fibrous web be substantially dried and that the wet strength
bonds of whatever nature as provided by the wet strength resin begin to form. The extent
of formation of these bonds must have proceeded to such an extent that subsequent
procass staps will not appreciably intarfere with their ultimate completion and the
cormesponding wet strength development. In general, though not necessarily in ail cases,
it Is desired that the temperature of said web be sufficiently slavated to effactively cure
the wet strength agent (i.e., drying may or may not require high temperature curing}. The
wet.dry tensile strength ratic of the dried web should be at least 0.1, preferably at least
about 0.2, and mare preferably at least about 0.3 when the process has bean properly
executed. As used hersin, the "wetdry ratio” Is the ratio of the geometric mean wet
tansHe strength divided by the geometric mean dry tanslle strength. Geometric maan
tansile strength (GMT) Is the square raot of the product of the machine diraction tansile
strength and the cross-machine direction tensile strength of the wab. Tensile sirengths
are measured with standard Instron test devices having a 4-inch jaw span using 3-inch
wide strips of tiasue, conditioned at 50% relative humidity and 72°F for at least 24 hours,
with the tensile test run at a crosshead speed of 10 in/min.

The final wet strength of the paper for a givan dose of wet strength agent should
be at least 10% higher than is achieved by the use of the wet strangth agent without
addition of the reactive anionic compound.

The prasent invention offers multiple advantages over prior art techniques for
enhancing wet strength. The present invention requires no coloration or dying of the
fibers, and requires no bleaching or discharging of chromophores to maimain a white
sheet The present invention requires no addition of NaC} or other chioridas to drive the
reaction of the reactive anionic compound with the fiber. Further, the present lnvention -
does not require highly dikute fiber siurries in the fiber pretreatment step but has baen
demonstrated successfully at fiber consistenclas as high as 30%. Further, the present
invention does not rely on ionic bonds to enhance strength, but takes advantage of
reactive wet strength agents that form covalent bonds with the callulose surface, though
lonic bonds do provide the inltial attachment of the cationic polymer with the sulfonic
groups of the reactive enlonic compound.

The novel use of fiber reactive anionic compounds in the present invention can
also be coupled with chemical debonder agents to make paper with relatively high wet
strength and low dry strength. One or more fiber reactive anionic compounds are used
with cationic wet strength resins to establish water-resistant covalent bonds, while
chemical debonders are used to reduce the number of hydrogen bonds between flbers,

10



2%
12y
WO 98724974 PCT/US9T21414
thus reducing the dry strength of the paper. This Is best done by first increasing anlonic
sites on the celiulose fibers with sald fiber reactive anionic compound, according to stepe
onae through threa as previously described, followed by addition of a chemical debonder
agent and a cationic wet strength agent. The debonder agent may be applied to the
fibers after stap three while the fibars are in solution, followed by addition of the cationic
wet strength agent as in step four, wheresfter the paper is formed, dewatered, and dried
according to steps five and six above. in this case, wherein the debonder agent is added
to the fibers while they are In slurry form, it Is desirable that the cationic wet strength
resin be added after the debonder agent has been added to the slurry. Otherwise, the
cationic wet strength agent may occupy most anionic sitas on the fibers and interfere with
retention of the chemical debonder agent Chemical debonder agents typically have a
single cationic site, such as a quatemary ammonium salt, with fatty acid chains,

Altemnetively, the debonder agent may be applied to the dried or partially dried
paper web during step six through known means such as spraying, printing, coaﬁrﬂ._gnd
the Nke. Preferably, tha web has been dried encugh to begin formation of covalent bonds
in the web. The web should then be at a solids level of preferably at least 40%, more
praforably at least 60%, more preferably still at laast 70%, most preferably at least 80%,
and desirably between 60 and 80%. The debonder maybe applied at other imes, but for
best resuits it should be elther between steps 3 and 4 or during step 6 of the process
described above.

When proparly applied, the debonder agent Interferes with hydrogen bond
formation batween the fibers, thus reducing the dry strength of the papar, while having
relatively fittie effect on covalent bond formation. The result is a paper with an increased
wetdry tensile strength ratio. Such paper can have reduced stiffneas and improved
softness due to the reduced extent of hydrogen bonding, while stil! having high wet
strength.

Desirable chemical debonder agents have less than five cationjc sites par
molecule and preferably no more than one cationic sité which can bond with the anionic
sites on the cellulose fiber surface. Large numbers of cationic sites could interfere with
the anlonic sites provided by the fiber reactive anlonic compound If the dabonder |s
&ppiied to the fibers before covalent bonds have formed. Examples of useful chemical
debonder agents include Mwmmlﬁ? salts (QAS) such as Berocell
584, an ethoxylated QAS mada by Eka Nobal, Inc. (Marletta, Georgla), or compounds

made by Witco Corp,, Meirose Park, Hiinols, including C-8027, an imidazoline QAS,

Adogen 444, a cethy! trimethyt QAS, Varisoft 3880PG, an Imidazoline QAS, or Arosurf
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PA 801, a blended QAS. Agents known as softenars in the art of tissue making are also
likely to be sultable as chemical debonder agents. Relative to the dry mass of the fibers,
debonder may be added at a level In the range of 0.1% to 2%, preferably 0.2% to 1.5%,
and more preferably 0.5% to 1%.

Examples
Example 1.

100 gm of a dried bleached virgin northem softwood kraft pulp (Kimberly-Clark
LL-19 pulp) was saturated with 1200 m! of water and dispersed into a slurry through
agltation in a Hobart mixer. The slurry was dewatered-to a fiber consistency of about
25%. This was repeated several times to obtain multiple batches of high consistency
pulp. For each batch of pulp, between 1 and 4 grams of Sandospace S (Clariant Corp.,
Chariotte, NC) was prepared and diluted with 5 parts of water per part of reagent (thus,
the amount of dilution water ranged from 5 to 20 grams of water). Each batch of fiber
slurry, comprising 100 gm of fiber per batch, was then reloaded into the Hobart mixer and
a Sandospace S solution, containing batween 1 and 4 gm of Sandospace S was added
during agitation of the puip. The mixture was thoroughly blended at 25°C for 25 minutes.
Then NaHCO, was added to each batch at a dose of 0.5 gm of NaHCO; per gm of
Sandospace S (for a range of 0.5 to 2 gm of NaHCO;), with the NaHCO, having been
first dispersed In 5-10 ml of water prior to addition to the mixture of fiber, water, and
Sandospace S. Following addition of NaHCOs, the mixture was further blended in the
Hobart mixer for 20 min at 25°C. Thereafter, the mixture was heated to 100°C in an oven
and maintained at said temperature for 2 hours without mixing. After cooling the slurry to
25°C, without post-washing of the slurry, the slurry was formed into 80 gsm handshests
using standard Tappi procedures. Kymene 557X wet sirength agent was added to the
diluted handshest slurry at a level of 1% Kymene on a dry fiber basis. The proparties of
these handsheets are shown in Figures 2-5. Sheet wet strength is shown to have
increased substantially as the level of Sandospace S was Increased, even though the
amount of wet strength agent was conatant. This demonstrates the ability of the flber
reactive anionic compound to improve the efficiency and substantivity of the Kymene,
which is a cationic wet atrength agent.

Untreated LL 19 fiber handsheets with 1% Kymene had a wet strength of 1411
grams/in and a wet:dry tensile strength ratio of 24.6%. With pretreatment by the
Sandospace S fiber reactive anionic compound, the same level of Kymene resuited in a
wet strength of 2374 g/in and a wet:dry tensile strength ratio of 30.1% when 1% of the

12
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Sandospace S was appiled. Results from tensile testing are shown in Table 1. Upto a
©8% Increass In wet strength was possible with fiber reactive anionic compound relative

to the use of 1% Kymene alone.
Table 1: Results from Example 1 (post-alkalization)

PCT/USS7/21414

-

All steps were conducted as in Example 1 excapt that the NaHCO; solution was
added prior to the addition of the Sandospace S solution, resulting In pre-alkalization
rather than post alkalkization. Up to a 48% increase in wet strength with fiber reactive
anionic compound was possible relative io paper made with the Kymene alone. Note that
at 1% RAC (reactive anlonic compound), a wet strength of 1606 g was achieved with pre-
alkallzation compared to 2374 g with post-alkaltzation.

Table 2: Results from Example 2 (pre-alkalization)

[%RAC/%Kymene | 00 o1 |11 21 7 an 51
(dry fiber basis)

wel strength 238 1411 | 2374 | 2100 | 2242 2200 | 2348
dry sirangth 4052 5723 | 7841 | 7147 | 7878 7381 a2s58
Wet TEA 2.24 321 | 840 8352 |7.11 7.51 3.30
[ Dry TEA 2545 | 4105 | 05 0042 |92 8243 | 9588
Example 2

%RACRKymene | 0/0 on " 21 an 4/1 51
(dry fiber basis)

wet strength 238 1504 1608 1872 {2115 | 2334 | 2330
dry strength 4953 5889 6534 7651 | 7600 | 7821 | 7832
Wet TEA 2,24 6.28 9.03 1128 | 128 | 1413 | 144
Dry TEA 25.45 33.25 64.72 7884 | 751 |742 |75
Exampie 3

45 kg of a bleached northem softwood kraft pulp was pulpad at 25°C for 20 minutes in a
high consistency pulper at a consistency of 8%. 3.6 kg (8% relative to the fiber mass) of
Sandospace S paste, as recsived from Clariant Corp., was added to the slurry in the
pulper and mixed for an additional 20 minutes. 0.9 kg of sodium carbonate powder was
added to the slurry in the pulper and mixed for another 20 minutes. The slurry was then

13
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heated to 60°C and maintained at that temperature for 2 hours and then dewatered with
a centrifuge to 35% consistency. The fibars were then ready for use in papermaking
without any washing.

The 35% consistency fibers were then diluted with water to make handsheets according
to Tapp! proceduraa for handsheet making. Then Berocell 584 liquid (Eka Nobal Corp.,
Marietta, Georgia) was added to the dilute slurry at a dose of 1 gram of Berocell liquid
per 100 grams of fiber (1% Berocell on a dry fiber basis) and stirmed for 20 minutes.
Thereafter, 1% Kymena 557LX on a dry fibar basis was also added to the siurry and
stirrad for 20 minutes. Then 80 gem handshests ware formed according to Tappi
procedures and tested for dry and wet tenslle strangth properties.

The 80 gsm handshaeets had a mean wet strangth of 2160 g/inch and a mean dry
strength of 4929 g/finch. The wet:dry tensile strength ratio for the handsheets of this
example was 43.8%, in contrast to typical valuas of 30-35% for sheets with Kymene but
without debonder, as in Example 1. A handsheet made according to this Example but
without any added debonder had a wet.dry tensile strength ratio of 35.1%.

Example 4

Handsheets were prepared as described In Exampie 3, axcept that no debonder was
added to the fibrous slurry. A 1% by weight aqueous solution of Berocell liquid was
prepared and sprayed onto the dried handsheets using a common household hand

" sprayer. Spray was applied evenly to both sides of tha handsheets until the added liquld
mass was approximataely 100% of the dry handsheet mass, resulting in a total application
of 1% pure Berocall to tha fibers on a dry fiber basis (1 gram of added Berocsil per 100
grams of fiber). Then the handsheets were dried at 105°C for 20 minutes and then
cooled, conditioned, and tested for tenslle strength. The mean wet strength was 2887
g/inch and the dry strength was 6551 g/inch, yielding a wet.dry tensile ratio of 44.3%.

It will be appreciated that the foregoing examples, given for purposes of
illustration, are not to be construed as limiting the scope of this invention, which Is
defined by the following claims and all equivalents thereto.

14
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1. A method for making wet strength paper comprising the steps of

(a)
(b)

()

(d)

(e)

providing an aqueous slurry of cellulosic papermaking fibers;

adding a substantlally colorless reactive anionic compound {o said
aqueous shury, sald reactive anlonic compound having the formula:

W-R-Y-X-B
wherain:

W Is suifonyl or carboxyl or salts thereof;

R is an aliphatic, an aromatic, an inertly or essentially inertly substitrted
aromatic, a cydic, a heterocyclic, or an inartly or essentially inertly
substituted hetarocycic radical, characterized by low absorption of visible

light,

Y signifies NH or —tIZ';—NH"' >

X is a moiaty suitable for forming a covalent bond to a hydroxyl group on
cellulose, selected from the group conslsating of monohalotriazine,
dihalotriazine, trihalopyrimidine, dihalopyridazinone, dihaloquinoxaline,
dihalophtalazine, halobenzothiazole, acrylamide, vinylsuifone, p-
sulfatoethylsylfonamide, p-chioroethyisulfone, and methylol;

B is hydrogen, a group of the formula Y-R, whersin Y and R are defined as
above; or a group of the formula Y-R-W, wherein Y, R, and W are defined
as above;

adjusting the pH and temperature of said agueous siurry to promote
reaction of the reactive anionic compound with the cellulosic fibars;

adding a cationic wet strength agent and water to sald aqueous siurry to
creats a papermaking fumish;

depositing said papermaking fumish on a foraminous surface to form an
embryonic web; and

15
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10.

1.

12

nH drying the web.

The method of Claim 1, wherein the amount of the reactive anionic compound Is
from about 0.01 to about 4 dry welght percent of the dry fiber mass of the web.

The method of Clalm 1, wherein the amount of the cationic wet strength egent Is
from about 0.02 to about 1.5 dry weight percent of the dry flber mass of said web.

The method of Claim 1, wherein the consistancy of fiber in said aqueous slurry is
about 5% or greater during the step of adding the reactive anionic compound.

The method of Claim 1, wherein the consistency of fiber in sald aqueous slurry is
about 20% or greater during the step of adding the reactive anitonic compound.

The method of Claim 1, wherein group X of the reactive anionic compound is a
moiety selected from the group consisting of dichiorotriazine, trichloropyrimidine,

. and dichloropyridazinona.

The method of Clalm 1, wherein the amount of sodlum chioride present in the
aqueous slurry of step (c) is lass than 0.01 g per gram of fiber.

The method of Claim 1, wheraln the step of adjusting the pH of sald slurry is
achieved through the addition of an alkaline agent selected from the group
consisting of NaHCOy N&;CO;, NayPO, and NaQH.

The method of Clalm 1, wherain the cationic wet strength agent is a crossiinkable
agent.

The method of Claim 1, wherein the cationic wet strength agent is a permanent
wet strength agent.

The method of Claim 1, wherein the cationic wet strength agent is a permanent
wet strength agent.

The method of Clalm 1, wherein the wet strength of the dried web Is greater than

" 2000 grams per Inch based on a 60 gsm Tappi handsheet.

18
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13.

14.

15.

16

17.

18.

19.

20,

21.

22.

The method of Claim 1, wherein the wet strength of the dried web is at least 20%
greater than the wet strangth of an otherwise identical web made without the
addition of the reactive anionic compound.

The method of Claim 1, wherein the wet:dry strength ratio of the dried web is 0.2
or greater.

The mathod of Claim 1, wharein tha wet:dry strength ratio of the driad web is 0.4
or greater.

The method of Claim 1, wherein the pH in step (c) Is adjustad to be In the range
of from about 8 to about 11.

The dried web made according to the method of any one of Claims 1-12 having a
wetdry strength ratio of about 0.2 or greater.

The method of Claim 1, further comprising the steps of adding a chemical
debonder agent to said aqueous slurry prior to the step of adding a cationic wet
strength agent.

The method of Claim 1, furthar comprising the step of adding a chemica!
dabonder agent to sald aquaous slurry after the step of adding a cationic wet
strangth agent.

The method of Claim 19, wherein said chemical debonder agent is applied to sald
web during the step of drying the web, such that the web is at least partially dried
prior to application of said chemical debonder agent.

The dried web made by the method of Claim 18 or 19 having a wet:dry strength
ratio of 0.3 or greater.

A paper web comprising:
(a) callulosic papermaking fibers;

(b) from 0.02 to about 1.5 dry welght percent, based on dry fiber, of a cationic wat
strength additive; and

17
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(c) from 0.01 to about 4 dry welght percent, basad on dry flber, of a substantally
coloriess reactive anionic compound, aald reactive anionic compound having
the formula:

W-R-Y-X-B
wharelin:

W Is sulfonyl or carboxyl or salts thereof;

R is an aliphatic, an aromatic, an inerlly or assentially inertly substituted
aromatic, a cyclic, a heterocyclic, or an inertly or essentially inertly substituted
hatarocyclic radical, characterized by low absorption of visible light;

0O

i
Y signifies —NH-— or—C—NH—;

X is a moiety suitable for forming a covalent bond to a hydroxyl group on
cellulose, selectad from the group consisting of monohalotriazine,
dihalotriazine, trihalopyrimidine, dihalopyridazinone, dihaloquinoxallne,
dihalophtalazine, halobenzothiazole, acrylamide, vinyisulfone, p-
sulfatoethyisylfonamide, p-chloroethylsulfone, and methylol;

B Is hydrogen, a group of the formula Y-R, wherein Y and R are defined as

above; or a group of the formula Y-R-W, wherein Y, R, and W are defined as
abova,

23.  The paper web of Claim 22, further comprising 0.1% to 2.0% of a chemical
debonder agent.

18
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Description
FIELD OF THE INVENTION

The present Invantion relates 1 a process for manutactring & water-disiniegrable sheet adaptad to ba digpereed
or cissoived In water.

BACKQROUND ART

Wet wipes for cleaning use In household etc. are well known. Walsr-diepersidie or water-cicintegrable sheet-ike
articies typicalty as wat wipes are aleo wall known, which are mpidly disparsed or disintegrated in water so that they can
be divectly thrown away |rvio waber, for example, in a tiueh toilet, and fuahed down a drain. it éhould ba undersiood that
tarms used hereln “water-dispersibie™ and “water-disintegrable” are synomymous with each other. Generally. wet wipes
having such chamcieristics are requirad to have a high sirangth exhibited while they are used in a wet condition and
alwo a rapid integration when they are thrown away into a large quantity of waler. To assure that these sirength and inte-
gration should ba compatibile with sach other, Japanesa Laki-open Patent Application No. Hei1-162956 discloses use
of walar-ineoiuble sacium/ealcium salt of carbaxymethyl cellulose or sodium ealt of carbaxyrneihyl callulosa. Japaness
Patertt Publication No. Sho48-27805 dieciosas & process for paper making wherein & wel papser sheet cbtained from
water-insoluble carboxymediyl callLiose ks wprayed with acuecus solution of alaline metal. Japanese Lald-Open Patent
Application No. Heid-167400 ciscioses & procees for paper making Inciixling a step of mixing a water dispersion of
paper making siuff with water-insaluble alkaling ealt of carboxymethyl cellulose. Furthenmore, Japanese Laid-Open Pat-
ant Application No. Hei5-25782 discicses @ procees for paper making whareln a paper shest obtained from a mixture
of water disparsion of paper making euff and alkaline ealt of carbaxymethyl cellulose is impregnated with hydratad
organic solvent containing multivalent metal fon.

Carbaxymethyl cellulose and/or salt thersof conventionally used by the above-mentionsd prior arts generally lose
their inltia) water-insolubliity, then show a tandancy to swel and finally become weter-goluble as degree of substitution
(D.8.) and pH therac! increasa. When thase carboxymethyl cellulose arxiior salt thereof are usad as bindere for paper
making, the tandancy to swall of the binders will make i dificutt 10 get a uniform mbrure of the binders with fbers dis-
persad in water. On the other hand, the binders having become water-soluble will bs prohibited from being deposited
on a sheet as an Intermediate product, sirength of the sheet will be not 80 improved as expeciad from an actual quantity
of the bindars mixed In & water depersion of paper making siufl. Although an aqueois salution of the binders could be
sprayed to a sheet obtained from paper making stuft, ewollen carbaxymethyl celiose makas an equecus solution
thereof too viscous 10 be eprayad In a uniform conclition.

SUMMARY OF THE INVENTION

hviuolpmﬂmnnhashmbmdauibdﬁu;thnpﬁmhddjddhhmﬁmbpwﬁem
Inprvndmﬂmﬂmmhnﬂdmadﬂnﬁnﬂlth-buorlhelhbbouedhd-ninglhul
meteriais In househokd eic. wherein a good quantlty of carboxymathyl cellulose andior ealt thereof can ba efficiently
deposited on the shest.

The cbject set forth sbove is achieved, according 1o the invention, by & process for manulacturing a watar-cisinte-
mmmmmmmmmmmmmdmubnmmmmm
mmm;mummmammmmmmmmmmw adegree
of subatitition (D.S.) = 0.30 - 0.80 and pH & 5.0 and water-disparsible fbers is subjected i a step of lofiating 1o obtain
Gaid water-disintegrable sheet and, balore o after sald step of loliating of said process, said mixture is added with @
base.

Saki bass is preferatly sodium carbonate. The process according to the Invention may further comprise a step of
impregnating said water-disintegrable sheet with aquaous solution to obtain a wet wipe from eaid sheet.

DESCRIPTION OF PREFERRED EMBODIMENTS

Materials ised in @ manufaciuring process of the present invantion inckude waler-dispersibla fibers which can be
foliated In the presence of carhoxymethyl caliuloss and/or salt theraot While it is preferred 1o use pulp fiber, It Is also
muuonmmnbnmm“m.mmmwumh.mmmfwm-m.
onmmrmunylm.mmmmmmmﬁﬁmummmmwu-
luloss and/or salt thereof having D.8. = 0.30 - 0.60 and pH x 5.0 is used as binders. in order 1o provide such binders
with a high water-swelling property or a high water-golubility, a basa is addad to the binders bafora or after a foliating
step of & sheet making process. The base can be axked during the foliating step f nesded. While any appropriate base
and combination of bases can be apphad, it Is praferred to use sodium carbonate for the prasent invantion. Prefarably,
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well known paper making techniquas are used fo foliate a mbdure of flhens and bindere. & is also possiie to use a so-
calad wet or dry method for manuaciuring norwoven fabrric or a mathad for rmsmufachuring normwoven fabric using water
jet streame. The ivention will be described more in detall.

Examples 1-5

Coniferais pulp for paper making (NBKP) and carboxymethyl cellulose and/or salt thereof were mixed together and
disperved in city waler oliowsd by adding a necesaary quantity of sodium carbonate io the water disparsion for prapa-
ration of a paper making shull. After the siuff had bean settied for a ime, | was subjected 10 & emal-eixed paper
machine used exciugively for testing to obiain a wel paper sheet which was then dried at a temperaiure of 110°C for 90
saconds using a diryer of rotary drum type 1o obtain a dried sheet having a basis waight of 40g#m?. Then, the dried chest
was sprayed and impregnated with aqueous eolufion of propylane giycol/calcium chiorkiedeionized water mixed
fogather at a retio of 30/0.5/60.5(by weight) eo ae to obiain a quantity comegponding to 2.5 timas a welght of the dried
sheets. The impregnated shest was settied for 24 houra at & temparhurs of 20°C to obiain a wet wipe. Water-dispers-
ity and wet tensile strengih of the wet wipe wers tested under measuring conditions which will be describad below.
Teet resutts for evaluating wet wipe examples prepared in accordance with the prasant invention (Example) and wet
wipes for conirol (Contral) are summarized In Tabla 1. Relationships between a saries of Examples and a earies of Con-
trola are as followa:

{1) Bxarmpla 1 and Controd 1

The fett results of Example 1 and Conirol 1 show eflects of sodium carbonate (% by weight) adkied to carbaxyme-
thyl cellulose and/or calt thereo! as measured In a dried siate during a paper making process.

(2) Example 2 and Coniral 2

The test resutts of Exanple 2 and Contral 2 show effects of a degrae of aubstitution (D.S.) as wall as pH of car-
boxymastiwi celiicse and/or salt theraot.

{3) Exampie 3 and Control 3

WMdeammammnwmﬂmmmdmwm
celluioss and/or salt thereol.

(4) Exarmple 4 and Conirol 4
mumammo4mcm4mMm-mumammdmwm

boxymaetiyl oﬂdmlﬂorldlihcedd‘uuﬂullﬂadnhmmummmwdngammm

process.

{5) Example § and Control 5

mummnummswcmdsmmmmmumnmmmwwum
anci/or calt thereol.

Evaluation of water-dispension

Amunx1mmmmummmmwhmmmmmmawm¢m
bnhﬂmdbydhﬁmbymmdamﬁdnﬂmmorm)mdanmofdepﬁmufmlmm
abserved. Obeervation results were ciatsified as follows:

A: A samplo shest was disintagrated within 100 saconds.
B: A sample cheet was disintegrated within 200 saconds,
C: A sample sheet was not disintegrated within 200 seconds.

Evaluation of wet tenglle strength

Aunplnhedolwuubool!smnmm1mmmmduwallduﬂngdmu1m-nd¢t
an elonpation rate of 100mmmin to get tensile strength. it was found thai tensile sirength of 8 wet wipe of at least 300g
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i6 sufficlent for it pracical use.
Resulis of tha evaluations for Examples and Controie are shown by TABLE 1. From tha resulie It is concludad that:

(1) carhowymeatiyl cefluioss and/or saft thareof should presant D.8 = 0.30 - 0.80 and pH & 5.0 {(Example 2); (2) a
quantity of sodium carbonate should cormespond fo 10 - 400% by weight of carbaxymethyl celluioee end/or salt
thereal (Example 1); (3) a weight ratio of pulp : carbcxymethyl celiuloss and/or salt thareof should ranga from 98
21055 : 45; (4) concentration of pulp and carboxymaihyl caliulose andlor ealt thereol in a paper making stuft should
range from 0.5 to 5% by weight; and {(5) a seiting period after addition of sodium carbonate ghould ba 30 minutes
or longer.

138
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d lncilymu:nbulnnpnpummwﬂmidlmhlluuhnml-ﬂndmmdinaudmu-
u:y“:mAmmmmmnﬁumwmmmammwm_ of sodium
mmngnu-ubymmuwammmuwmwmwd
mumﬁuﬂonmmumz.smlwwndmamnnnsmwadlnhdrywﬂm.Thm.lhn.shaum
dﬁadutawrparnmonw'cbrmm;ﬁm-mdmwmwmuwyndlda.heanam
weight of 40g/m? was oblainad. The dried shest was sprayed and impregnated with aqueous liquid consisting of pro-
pylene glycolicalcium chiorida/deionized water mbxed together at a ratio of 30/0.5/80.5(by weight). The impregnated
shoet was sattied for 24 hours at a temperature of 20°C o obtain & wet wipe. Extent of water-diepersion as wel as wet
tensile eirength of he wet wipe were evaluaied under the same condition as Exarmples 1 - 5. Relationships betwoen
Exampies and Controls are as follows:

(1) Exampla 8 and Cortirol 8

The test resuits of Exampile 8 and Conirol § show effecis of a quantity of sadium carbonata (% by weight) added to
carboxymethyl caluioss ancior sall thereof as meesurad in a dried state during @ paper making process.

(2) Example 7 and Controt 7
The tagt results of Example 7 and Contral 7 show effecis of degree of substitution (D.8.) as well as pH of car-

boxymethyl calliose ancior celt therec.
Resuk of the evaluations for the respective Examples and Controls are shown by TABLE 2.

(TABLE 2
Test No. Mix. ratio pulp/ CMC Quartity of Rasult af evaluation
CoMC NazCO; (% by
waight of CMC)
D8 pH Water-cisparsion | Tencile sirength
{g/25mm width)
EX.1(1) 87.5M12.5 =0.50 73 24 A 475
Ex1(2) 87.5H25 *0.50 73 4.0 A 418
Ex1{3) 87.5M25 *0.50 1.3 8.0 A 880
Controi 1 (1) §7.5n2.5 * 0.50 73 0.0 C 438
Ex2(1) 875125 043 | 81 8.0 A 401
Ex2(2) 875125 *0.50 73 a0 A aso
Conirol 2 (1) 87.5N12.5 **0.64 3.9 80 A 133
Control 2 (2) 87.5N2.5 * 0.88 68 80 A a
{Note)
1. CMC : carboxymethyl cefluioss end/or calt thareof
2. * : sodium carboxymutihyl caliulose
3. * * : acid type carboaymethyl celulose

Eftect of the Invertion

Acconding o the process of the presert Invantion, water-gispersible fibars ara mixad with bindens comprising car-
boxymethy! caliuloge and/or salt theveot having low swelling tendency or waler-insolublity so that a large quantity of
binders can ha deposited on a gheat obtained from the mixture of the fibers and the binders. Such binders are denatu-
mlized by addition of a base 1o water-swealling or water-soluble ones. These binders contribute to improvement of tensie
sirength of the shaet. And the sheat is thrown away info a lerge quantity of water afier usa, the birkler can ba mpidly
dissoivad in the water, aliowing the gheet to be mpidly disinegratad and dispersed In the weter.

[ LI L
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Claims

1. A process for manufactring a weter<disintegrable sheet from carboxymethyl calluiose and/or salt thersof and
waler-disparsibie fibers, said process being characiarized in that

lmdmﬁmumﬂuﬂeaMMMeﬂMMuﬂwdm:dwuy
substitution = 0.0 - 0.80 and pH x 5.0 and water-disparsible fibars s subjecied to & follating etep 10 cbialn said
water-digitiagrable cheet and, balore or eftar eaid follating stap of the procass, sald ni:uais_uﬂedwim a
base.
10

2. The process according to Claim 1, whereln sald base ls sodium carbonata.

3. The process according to Claim 1 or 2, further comprising a step of impregnating said water-dicintagrabla cheet
with an aqueous solution to obtain a wet wipe from sald gheet.
"
process for manutachying a weter-disintegratie sheet from carboxymethyl celiulose and/or eait thereof, eaid
process being charactaerized by that:

& mixture of water-sweling or water-insoiuble carbaxymethy] callulose and/or salt thereaf having a degree of
substitution = 0.3 - 0,80 and pH & 5.0, water-dispersible fibers and a base is fliated to cbinin caid water-cls-

8. The process acconding to Claim 4, whereln said base is sodium carbonate.

& &. The process according to Claim 4 or 5, further comprieing a step of impregnating saidl water-cigintegrable shast
with an agqueous soiution o obiain a wet wipe from said sheet.

7. The procese for making a water-cisintsgrable sheat from carbaxymaethy! calulose and/or sali thereof and water-dis-
persible fhers, eaid process belng characterized In that

2 sheet foliated irom a mixture of watar-ewalfing or water-insoluble carboxymathyl celiulose and/or salt thereo!
having a degraa of eubstitution = 0.30 - 0.60 and pH = 5.0 and water-dispersible 'bers is added with a basa o
a5 8. The procass acconding o Claim 7, wharain said bass Is sodium carbonats.

9. The process according to Claim 7 or 8, further comprising a etep of impregnating esid water-disintagrabla sheet
with an agueous solution to obtain @ wet wipe from said cheet.
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[57] ABSTRACT

SofL, strong, and Jow dusting tissue paper webs usclul in the
manulacture of soft, ahsorhent sanitary producis such ns
bath Lisue, facial tissue, and abrorhent lowels ans disclosed.
Tho lissue papers comprise fibers such as wood pulp and a
noo-cellulosiv, wuler insoluble particulaie filler such as
kaolin clay and pomscss hiased surface propunics,
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SOFT TISSUE PAPER WITH ASED
SURFACE PROPERTIES CONTAINING FINE
PARTICULATE FILLERS

This applicalion is a continuation-in-par1 ol application
Scr. No. OR4LR.990, filed Apr. 7, 1995, now US. Pal. No.
5611890 and application Ser, No. (8/553,167, filed Nov. 7,
1995 now abandanetl.

TECHNICAL FELD

“This invention relales, in generul, 1o tissue paper products
and processes. More specifically, il relates 1o tissue paper
products mule from cellulose pulps and non-celluloric waler
insaluhle panticulate fitlers.

BACKGROUND OF THE INVENTION

Sanilary paper tissue producis arc widely used. Such
items are commercinlly offered in fremats tailnred for o
variely of uses such as facial tiksues, toilct tinsues and
ahwarhent twels, The farmats, f.e. basis weight, thickness,
sirength, wheet size, dispensing medium, ele, of these prod-
ucts ofien dilfer widely. Predominuntly, thoy share in com-
mun the process by which thoy viginale, the so-called
cropd papermaking process. However, it is possible 1o
aliernatively produce such products without creping, and
tissuc paper wehs mode by such processes are within the
scope of the present invention.

Cruping is « means of mechanically compacting paper in
the machine direetion. The result is an increass in basis
weighl (mass per onit area) as well as dramaiic changes in
many physical properties, particularly when measured in the
machin: dircetion. Creping is genorally accomplisbed wilh
a flexible hinde, a so-called doctor blade, agains u Yankee
dryer in an o machine operation,

A Yankeu dryer is o large diameter, pencrally 8=20 fool
Jrum which is designed to be pressurized with sicam to
pravide s hat surface for compleling the drying ol paper-
making wehe at the end of the papermaking process. The
paper wob which is fisa furmed on o foramioows forming
<arricr, such as o Pourdrinier wire. where il is frex! of the
copirus wWater needed 10 dispese the llbrous durry is
penerally transierd o a fult or fabric in u so-called press
section whers de-watering is comtinued cither by mechani-
vally compacting the paper or by some other de-walcring
methad such as through-drying with hot air, befors (inally
being tramsferred in the semi-dry condition to the surface of
Ihe Yonkee fur the drying 1 he compleied.

Tn proclnee comparehle tissue paper webs withoul
creping, an embryovic web is imnslerred from the furami-
mus forming carrivr upon which it & laid, 1©0 & slower
muving, high liber suppon wrunsfer fabric carrier. The web is
then transfurred to a drying fabric upon which it is dried 10
a final drynexs. Such webs can offer some advantages in
surface smoothness compared lo creped paper wobs,

The echmiques to produce uncreped tissue in this manner
ure taught in the prior art. For oxnmplke, Weadh, o1, al. in
Euripenn Patent Application 0 677 612A2, published Oct.
I8, 1995 and incorporated herein by reference, teach a
method of making soft tissue products without crsping. [n
anathor case, Hyland, et al. in Eumopean Patemt Applicatinn
(0 617 164 AL, published Scp. 28, 1994 and inurporated
hervin by referenco, leach o methed of making smowh
unereped throughdried shveix.

"Tisue paper products are linked by common consumer
demand for a gencrally contlicting sci of physical propertics;

as

L

2

a pleasing tactile impression, i.c. soliness while, a1 the samo
lime hoving a high strength and a nesisiance (o linling and
dusling.

Sufincsa is the loctike sensation perceived by the con-
sumor as hefshe holds a particular product, rubs it avross
his/er skin, or crumples it within his/her hand. This wactile
sonsation is pravided by a comhination of soveral physical
properties. Ome of the most imporiant physical propertics
related 10 sofiness is penerally considered by those skilled in
tho art to be (he silfness of the puper web from which the
product is made. Siiffoess, in tum, is usually considered
be directly dependent on the srength of 1be web.

Strength is the pbility uf the product, amd its cunstitbont
wehs, to maintein physical integrity and 10 resist tearing,
buniting, anl shretkding under use conditions.

Linting and dusting refurs 10 the tendency of a wih ils
rclease unhonnd or loosely hound fibers or particutate fillers
during haedling or use.

Tissue papers are geoenlly comprised essemially of
pepermaking flbers. Small amoums of chemical functional
agenis sich as wel sirength or dry strength hinders, rolenlion
sicls, mirfactanis, size, chemical suflene, crepe faciliinning
compogitions ans frequently included but these are typically
only used in minor amonnis. The papermaking fibers most
frequently used in tissue papers are virgin chemical wood
pulps.

As the world's supply of natural resources comes onder
increasing economic and onvironmental scruliny, pressure is
mounting to reduce consumption of forust producis such ax
virgin chemical wnod pulps in products such as sanitary
tirsues. One way Io extend the supply of wood pulp without
sacriflcing product mass i to replace virgin chumical pulp
fibers with high yicld libers such as mechanical or chemi-
mechanical pulps or o use fibers which have been recyeked.
Unlanunately, comporatively severe deterioration in pertior-
mance usually accompanies such chunges. Such fihers are
prone to have a high coarseness and 1his coniributes ta the
ks of the velvely feel which is imparted by prime fihers
selecied hecause of their Nacidoess. Jn the came of the
mechanical or chemi-mechanical liberated fiber, high
coumsenuss is dus to the retention af the non~cellulogic
compooenis of the original wood substance, such compo-
nents including lignin and so-called hemicelluiones. This
maken each fiber weigh mire without increasing its length.
Recycled paper can also tend 1o have & high mechanival pulp
contunl, but, sven when ell due core is exercismed in selecting
1 wasicpaper grade [0 minimize this, a high coansenaa il
often occurs. This i thought 1o be due to 1he impure mixture
of liher murphaloyies which nuturally necurs when paper
from many sources is blended to make a recyched pulp. For
cxampk:. 4 certuin wastopapor might he solecied hevause it
is primarily North American harcwood in nature: however,
one will oflen find extensive contamination from coamer
softwoad fibers, cvon of the most deleterious species such as
variations of Southern U.S. pine. U.S. Pal. No. 4,300,981,
CQurslenk, issued Nov. 17, 1981, and inenrporuted hersin by
refuronce, uxplains the textural and surface quulities which
arc impaned by prime fihers. US. Pni. No. 5,228,954,
Vinson, issued Jul, 20, 1993, and U.S. Put. No. 5,405,499,
Vinson, 10 issue Apr. 11, 1995, hoth incorparated hercin by
reference. disckme methads for upgrading such liher sources
s that they have less deleterious clfeces. but still i tevel
of replooement is limited and 1he now fihur smiwrees them-
welves are in limited supply and thix oficn limits their use.

Another method of limiting the use of wuod pulp in
sanilnry liman paper is 1o replace parnt of it with a ower s,
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roadily available filling material such #s kaolin clay or
calcium carbonate. While those skilled in the an will rec-
ognize that this practice hex been commnn in some paris ol
the paper industry for many vears. they will also appreciate
that extending this approach to sanitary tissue proclucis hay
involved particular difficulties which have prevented it from
lwing pructiced up 1o anw.

One major restriction is the retention ol the lling syent
during Ihe papermaking preesa. Among paper proclucts,
sanitory tissues arc al an cxtrome of low basis weight. The
hasis weinht of a lissue web as it ik wound on a resl from a
Yanke: machine ix typically only about 15 g/m* and hecause
ul’ foreshartening the dry fiher basis weight in the forming
section of the machine is actually lower than the linished dry
hasis weight by Irom ahout 1% 1o sbow 20% or more. ‘To
compound the difficultics in retention caused by the low
hasis weight, tissue webs oceupy an sxtreme nf low density,
uflen having an apparcnt density as wound on the reel of
only sbout 0.1 gaem® or less. While & is recognized 1hat
sume of this loft can be introduced at the creping blads,
those skilted in the art will necognize that tlimsue webs are
genenally formed from relatively fres stock which means
that ihe fiburs of which they src comprised are not rendered
flaceil from heating. Tissue machines are required to oper-
alo w1 very high spucds 1o be practical; 1hus free stock is
nveded fo nt excessive farming pressures and drying
load. The relatively sl fibers comprising the free siock
retain their ability to prop open the embryonic web as it ix
forming. Those skilled in 1he urt will al onco recopnine that
such light weight, low density structures do not afford any
sipnificanl apporiunity to fher fine particulates a5 the weh is
forming. Filler panicies oot substaatively aflixed w0 Nher
surfaces will he toen away by the worrent of the high speed
approuch Buw systems, hurled inta the liquid phase, snd
driven through the embryonic web into the water drained
fram the forming web. Only with repealed recycling of the
waler used In form the web dous the concentration of
particulate baild 10 & point where the filler begins to exit with
1he poper. Such cuncentirations of solids in walcr efflucnt are
impractical

A socond major limitation is the general filure of per-
ticulate fillers to naturally bord 10 papermaking fibers in the
fashion thal papermaking fibers 1€nd to band 10 esch other
as the formed wab is dried, This reduces the sirength of the
prduct. Filker inclusion causes a recuction in sirengih,
which il lefl uncorreuted, suvercly limits products which are
already quite wenk. Steps required 10 nestore strength sich
an increancd fiber beating or the vse of chemical srength-
cniog agents is ofien rosiricted as well.

The deleterious eflcels of fitler on shewt inteprity ako
often cause hygiene problemx by plugging press fehs or by
transfurring poorly from the press section to the Yankee
drver.

Iinally. lissue procucts containing filkers ace prone to lint
or dust. ‘This is nol only because the fillers ihemselves can
he pocrly teapped within the web, but abio because they have
the before memioned hond inhibiting effect which causes a
kscalize? weakening of Bber anchoring Inn the siniciure,
‘Thi% tendency can cae operational difficultics papermak-
ing procesics and in subscyuent converting uperations,
bucause of excessive dusi created when the paper is bandld.
Another considerution is that the users of the sanitary tissue
praducts made {rom the Silled tisue demand that they be
relatively froe of Lint amd dust. Atlcmpts v werenme this
lendency o lint or dust by wsing chemical binders or
mechanical refining invariably came the tissue produet 10
becomo barsh.

15

A

L

50

x5

1]

4

Consequently, the use nf fillers in Lissue papers has heen
severely limited, UK. Pat. No. 2.216,143, sssued 1o Thiek
on Oct. 1, 1940, and incorporated hercin by reference
discusses the limitations of fillers on Yankee machines and
discloses a method of incnrporation which overcomes Lhos:
limitations. Unlorunately, the method requires & cumbar-
some unil operation tn cuat a layer ol adhesively hound
particlus onto the felt side of the sheet while il & in contact
with the Yankes dryer. 'This operstion i not practical for
modern high speed Yankee machines and, those skilled in
1be ant will recognize that the Thiele meibod would produce
a coated rather than filled tissue product. A =filled tissve
paper” is didtinguished from “coated tissue paper” essen-
tially by thu methods practiosd to produce them, i.c. a =fAlled
tisue puper” is ope which has the porticulale matter added
1o the fibers prior o heir assembly into 8 webh whilo a
“cualed tissuc paper” is une which has the particulase matier
ackled afler the web has been essentially assembled. As a
result of this diffierence, a filled tissue paper product can he
deacribed an o relatively lightweight, low density tissue
paper which contains a filler dinperscd throughout the thick-
ness of a1 least one layer of a muli-loyer lissue paper, ur
throughout the entire thickness of a sinple-layers) tissuc
paper. The term =dispemsed Throughoul™ means that wscn-
lially all portions of a particular luyer of a filked lissue
prxluct contain liller particles, bat, it specifically docs mout
imply that such dispersion necessarily he uniform in that
layer. In fact, cerain sdvantages cen be anticipated by
avhieving a difference in liller enncenivalioe as & fupetion of
thickness in a filled Jayer of tissuc.

Finally. applicanis have found that the enrneetive actions
reguired 1o overcome e bulore mentioned relention ad
Krength limitationx can cause a reduction in sofiness.

‘Themelore, it i the uhject of the preseat invention to
provide for a lissue paper comprising 2 fine particulan: filler
which overcomes the hefore mentivned limitutions of the
prior ant. Specilically, the tissue paper of the present inven-
tion compriscs a filler and is sol) while maintaining a high
level of 1eosile strength and a low lovel of lint and dust,

‘This and other ohjects are oblained using the prescat
invention as will bo taught in the following disclosure,

SUMMARY OF THE INVENTION

The invention is a strung, sofl lilke Lissue paper, low in
lint and dust, and having hiased rurface bonding characier-
itics. ‘The filled tissue peper with biascd surface bonding
comprises papermaking libers and a noneellulosic panticu-
late Gllee, said filler prefurably comprixing from sbowt 5% 1n
ahout 50% by weight of said tissuc. The surtiwe propertics
of the Liwue product sn: bissed o a degres thal the lint ritiv
is less than about 0.8, and moere prolerably Jess than about
06. Uncxpected combinations of sofiness, strength, and
resistance ta custing have becn obtained via biased surfacy
pmpertics in tissuwe papers filled with these lovels of par-
tivulate fillers.

In its preferred embodiment, the ihiled vissue paper of 1he
present invention hus a basis weight hetwoon shout 10 p/m?
and about 50 g/m* and, more preferably, between about 10
gfm® and abuout 30 wim®, It has n dousily between abau (L03
giem® and shout 0.6 wicm® snd, mane preferably, bulween
ahaut 0.05 g/em® and 0.2 plem®,

‘The preferned embodiment further comprises papermak-
ing libers of hoth hardwind and sofiwood 1ypes whercin ol
keant ahout 50% of \he papermaking fibers are hurdwoud and
al lcast about 10% are sollwnod. The hardwood and safi-
wood [ibers are most preferably isolated by providing sepa-
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rate Joyers whercin the [raction of softwood flhers relative o
herdwond fibers differ by diffcrent layers. Prelerahbly, 1he
tissue cumprises an imer layer and two outer layers wherein
the inner layer fiber content is predominantly sofiwod and
the auter luyer fiber content is preduminalcly hardwaood.

The preferred tissue papor of 1he presonl invention is
patiern densifled such that zones of relatively high density
are dispersed within a high bulk ficld, including patlern
densified tissue wherein 2omes of relatively high density are
cmlinuous and the high bulk ficld is discrele. Mast
preferably, the tissuc papur & through air dried.

The invention provides for a lissue paper comprising
papermaking fibers and a particulate Hller. In its prefermed
umbodimenl, the particulate filler is sclected lrom the group
cnsisting of clay, caleium carbonaic, Litanium dinxide, 1ake,
aluminum silicate, caleiem xilicate, slumina irihydeale, acti-
vated carbon, pearl starch, calcium sulfate, gless
microspheres, dintomaceous eurth, and mixtunes hercol.
When selecting a lller from the above group several factors
need 1o he evalvated. These include cust, availahility, cass of
relaining into the tksue paper. enlor, scallering potential,
refractive index, wnd chemical compatibility with the
sclecied papermaking environment,

Preferably tho Iillers are inorganic matorials such os clay
and calcium carbonate. A panicularly suituble filler is kaolin
¢lay. Most preferably the so called “hydrous atuminum
silicate™ form of kaolin clay i preferred as cnntrasted to the
kinlins which aro furiber pocessed by caleining.

‘The morphology of kaolin is naturally platy or blocky, but
it is preferhlo o use clays which havo not been subjected to
mechanicul dolumination iremiments us this wnds to reduce
the mean particle size, It is common to refer fo the mean
particle sizw in terms of equivalent spherical diameter. An
averge equivalent sphericul diameler greater than about (0.2
micron, more preferubly preater thon shout 0.5 micnn is
proferred in Ibo practice nf the present invention. Most
preferably, an equivalent spherical diameter grester than
about 1.0) micron ix preferred.

The preferred embodimem of the preacnt invention
vmploys a bond inhibiting agent. Preferred bond inhibiting
opents comprise the well known dialkyldimethylammonium
sulls such as ditallowdimethylammonium chloride, dial-
lowdimethylammonivm methyl sulfate, di(hydrogensied)
1allow dimethyl ammoninm chloride; with dithydrogenated)
lallow dimethyl ammonium meihyl sulfate being
particularly preferred. In its most preferred form, the present
inveation employs the bond inhibiting ageal prefurcmially
hiascd 1oward the fabric-side surface.

Tissue puper webs ane characterized by having ofien
witkly disparate propertics from vne surface 1o the ather, If

lhe tissue web in made on a Yankee machine, the differences 8

arc believed to primarily be an artifact of having one of the
surfaces adhesively secured io the relatively smooth Yankee
aurface, whils 1he olhor surface:, so-called hercin the “lubric-
side” surfice, is pressed or deflected into a felt or a labric.
In en analogous fashion. an uncreped tissue by nature of
having one of its surfaces being dullected when it is trans-
lerred from ils fomminous forming carrier upon which it is
laid w a slower moving high fiber suppan trunsfer fabric
carrier, will have one rclatively textured surface, also
referncd tu ax & “fabric-side™ surface, compared 10 the other
surface,

All percentages, ratios and propurtions herein are by
weight unless niherwise specifled,

BRIEF DESCRIFTION OF ‘I1IE DRAWINGS

FIG. 1 in & schematic representation illusteating a creped
papermaking procens of the present invention for producing
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a sirony, soft, and low lint creped lissue paper compriring
papermaking fibers and particulate fillers.

FIG. 2 is a schemalic representation illustraling an
uncreped papermuking provess of 1he present invention for
producing a strony, %oft, and low lim uncreped lissue paper
comprising papermaking fibers and particulute Allers.

F1G. 2A is an illustration revealing the lavered siructure
of tho tiswe paper webs prepared by the uncreped paper-
making process nf FIG. 2.

FIG. 3 ix a schematic represeniation illustrating the siups
for preparing the aqueous papermaking furnish fur the
papermaking process, acourding to one embodiment of the
present invention based on eationic fioceulant.

FIG. & is a schumatic represenwtion illusirating the sleps
for preparing the aqueous papermiaking furnish for the
papermaking provuss, sccording 10 another enibocliment of
the prescn! invention hased on anionic flocenient.

FIG. 8 is a cross-sectiona] view illustrating a three-laycred
single-ply Limwe paper aecesrding to the present invention.

DETAILED DESCRIIFTION OF 'T1IE
INVENTION

While 1his specification coaclides with claims partivu-
larly pointing out and distinctly claiming the subject matter
regarcd as the invention, it is belizved that the invention
ean be hetier undersiood from a reacling of the following
detailed description and of 1he appended cxamples.

As used herein, the term “comprising™ means that the
various compomnis, ingredients, or steps, can be conjointly
cmployed in practicing the present invention. Accordingly,
the wrm “comprising” encompawes the more restrictive
lerms “condisting essentially of™ and =consisting o™

As uscd herein, the lerm “predominantly™ means more
than one-half hy weight. .

As used herein, the rm “wator soluble” refers 10 mate-
rinls than are soluble in water 10 al least 3%, by weiaht, at 25°

As uscd hercin, the lenns “lissue paper web, paper web,
web, paper sheet and paper product™ all refer to sheets of
paper made hy a process comprising the steps of forming an
agueous papermaking fumish, depositing this furnish on 2
loraminuus serfuce, such ax a Fourdrinier wire, and remaov-
ing the water from the furnish os by gravily or vacuum-
assisted druinoge, wilh or withoul pressing. and by evapo-
ration. In one embexdimom of the present inwention the
process comprises the final xieps of adhering the sheet in a
semi-dry cundition 10 the surface of u Yankee dryer. com-
pleting the water removal by cvaporution 1o an esssntially
dry stale, removal of the weh from the Yunkee dryer by
means of a Hexible creping hlade, and winding the resuliant
shect onio a reol. [n apother embodiment of the present
invention, the embryonic web formed when the furnish is
deposited on 8 foraminous surface is tansferred from the
foraminous farming carrier npon which it is laid, to a slower
maoving, high Hber support iransfer Mabric carrder. The web is
then trunsferred to a drying fabric upon which it is dried to
a final dryness.

As used herin, the term “flled Lissue puper™ moans a
paper product that can he described as a relatively
lightweight, low densily tissuc paper which contaios o fller
dispensed throughout the thickness nf al least one Layer of a
multi-layer tisue paper. The term ~dispemd throughom™
means that easentially all portions of a particular layer of a
filled tissue product comain filler particles, but, it specifi-
cally dows nol imply thal such dispersion necensarily be
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uniform in that luyer. In fact, curlain advanliges can ho
anticipated by achieving a differency in iiiler eoncenimtion
as a function of thicknoss in a filled layer uf 1isue.

The wmw “mulli-lnyored tissue papor wel, muli-layered
paper weh, multi-layered weh, multi-loyered paper sheet and
multi-lavered paper product™ an all used interchangeably in
the ant Io refer Lo sheels of paper prepared from 1w or more
layers oof aqueons paper making fumish which aro preferably
compeised of different fiber types, the fibers Iypically being
relatively long sofilwood and relatively short hardwood
fibers p5 used in tlissue paper making. The layers are pref-
vrably formed from the deposilivn of scpamie streams of
dilute fiber shurries nupon one or more endlas foraminous
surfuccs. If the individual layers are initially formed on
swparele foraminows surfaces, the layers can be subsequently
combined whea wel In furm a multi-layered tissue paper
weh,

A% used herein, the lerm “sinple-ply tissue product”™
meanx Lhat it is comprised of one ply of tiwue; the ply can
he suhstantially homogencous in nature or it can be &
multi-layered timuc paper weh, As used hercin, the tom
“mulii-ply lisue praduct™ means thul it & comprimed of
more than one ply of liskue. The plics of a mulli-ply limue
product cun be subsiantislly homogencous in nature or they
can v muhi-layered tissue paper webs.

The it siep in tho provess of this invention is the
forming of at Jeasi onu "aqueous papermaking fumish™, a
term which, as used herein, refers 10 8 suspension of
papermaking fibers. uwanlly comprised of wood pulp, and
poerticulate lillers, alung with the xiditives which are cssen-
tial to provide the relention of (ke particulale Mlier and any
other functional propuntivs by vplionally including modify-
ing chemiculs as described hervinafier. Some 1ypical com-
pancais of the papermaking fumish are described in the
ollawing seetion.

Ingredicnis of the Popermaking Fumnish

The I'apermaking Fibers
Tt =% anticipated that wood pulp in all ita varicties will

namally comprise 1 papermaking fibers nsed in this
invention. However, other cellulnse fibrous pulps, such ox
collon linters, hagasse, nmmsmm are
disclaimed. Woand pulps uselul herein include chemical
pulps such as sulfite and sulfuto (sometines called Krafi)
pulps sk well as mechunical pulps including for example,
prund wond, ThermnMechanical Pulp (TMF) and Chemi-
ThermoMuechanical Pulp (CTMP). Pulps derived from hath
decidunis und coniferous trees can be used.

Both bardwond pulps amd sofliwood pulps as well as
cumbinations of the two may be employed ss papermaking
fibers for the tixsue paper of the present invention. The term
“hardwoux! pulps™ s wsed hervin refers w fibrous pulp
derived Irom the wowdy subsiance of deciduous trecs
(nogiceperme), whereas “softwoad pulps™ are fibrovs pulps
derived from the woody submiance of coniferous trees
(aymnasperms). Rlends of hardwoad Krah pulps, especially
cucalypius, and northern soltwood Kralt (NSK) pulps arc
parficulady suitahle for making Ihe fissue webs of the
present invention.

A prefemmed embadimem of the prsent invenlion com-
prisos layered tissue wehs wherein, most prefcrably, hand-
woad pulpe such as cucalyptus are used for nuter layer(s)
and whercin northern softwood Krafl pulp..3 are used lor the
inner layer(s). Also applicable 10 the present jnvention arc
tihers derived from recyeledd paper. which may contain any
or all vl the above calegories of liberx.

L7
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The Panticulate Filler

The invemion prowites for a tissue paper onmprising
papermaking fibers and a particulate flller. In i preferred
emlwwliment. the partivulate filler i selected (rom the group
conkisting of clay, caliium carwyalte, titanium dioxide, 1ak,
aluminum silicate, cakcium silicate, alumina trihydrale, acti-
vated carbon, pearl starch. calvium sulfate, glass
micrspheres, dinlomaceous carth, and mixtures thereul.
When selecting a filler from the above group several faclors
necd (o be evaluated. Those include cost, availahility, case of
relnining into the lissue paper. color. scatiering potential,
refraclive index, and chemical compatibility with the
selectud pepermaking emvironment. Preferably the fillers are
inorpanic malerials such as clay and calcium carbonate.

It has pow been found that a purticularly suitabk: particu-
Jute filler & kaolin ¢lay. Kaolin clay is the common name for
a ¢lass of natumlly occurring aluminum silicate mineral
benofleinted as & particulste.

With respect 10 lerminology, it ix noted that it is common
in the industry, as well as in the prior art patent lilceature,
when referring 10 kaolin producis or processing, 10 use the
1erm “hydmus™ to nfer 1o kaolin which has not been subject
o calcination. Caleination subjects the clay 1o lemperalures
abow: 450° C,, which tempemiures serve 1a oalier the basic
crystal struerure of kaolin. The so-called “hydrous™ kaulins
may have heen produced from erude kaolina, which have
been subjecied to hencficiation, g, for exampk, o froth
flointion. 1o magnetic scparation. 10 mechanical
delamination, grinding. or similar comminution, but ot 1o
the mentioned heating as would impair the crystal structure,

To he accurate in a lechmical semse, the deseription of
these materials asx “hydrous™ is inappropriaie. More
specitically. there is no molocylar water sciually present in
the kanlinite structure. Thus although the composilion can
be, and ofien is, arbitrarily written in the lorm
2H,0.A1:04.281)., it has king been known that ksoliniwe is
an sluminum hydroxide silicale of appraximate composition
AL{OED,Si.04, which equates to the hydrated formula just
cited. Once kanlin ix subjected o calcination. which (or the
purposes of this specification refem 1o subjecting & kuoliv k
temperatures exceeding 450° C., for a period sufficient w0
eliminate the hydroxyl groups, the ariginal crysialline sirue-
wre of the keolinile is destroyed. Therefore, albough evh-
nically such calcined clays are oo longer “kaolin®, il is
«ommon in the indumry 1 refer 1o these o8 colcinsd kanlin,
and, for i purposcs of this specification, the cakined
materials are included when tho class of malerials ~knolin™
is ciled, Accordingly, the term “hydraus aluminum silicuie™
refers (o natural kaolin, which has nol beun subjecied W
calcination,

llydrous aluminum silicute i tho kaolin form most pre-
ferred in the practice of the present invention. I is therelore
charcterized by the before mentioned approximate 13%: by
waighl loss as water vapor a1 temperatures exceeding 45(°
C.
‘I've morphology of kanlin is naturally plaly or Mocky,
beciuse it naturally ooenrs in Al form of thin plateleis which
adhere logether 10 form “stacks™ ar “hooks”, The stacks
separale to some degree inlo the individual platelos duning
processing, but it is preferable 10 use clays which have mt
been subjected W exiensive mechanical delamination neat-
menis as this tends 10 nxluce 1he mean paticle size. 1t is
commun o refer v the mean particlo mize in wrms of
cquivalent spherival diameter. An average equivalent spheri-
cal diameter preater than shout (1.2 micron, more prefersbly
greater than aboul 0.5 micron is prefered in the practice of

e
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the present invention. Most prefurably, an equivalent spheri-
cal diameter greater than about 1.0 micron & prefemed.

Mast mined clay is xubjected to wel processing. Aquecus
sumpending of the crude clay allows the coarse impurities 1n
he removed by centrilugation and provides a medin for
chemical hleaching. A pulyserylate pulymer or plxsiphaie
sall is sometimes added lo such slurries 1o reduce vincosily
and slow scitling. Resultant clays are normally shipped
wilhout drying ol about 70% sulicls suspensions, or they can
be spray dried.

"Treatmenis to the cloy, such as air Doating. froth Rolation,
washing. bleaching, spray drying. the addilion of agents as
slurry siabilizers anxl viscosity modifiers, are gencrally
acceptahle and should he sckcted based upon the specific
cammercial consilerations at hund in a particular circum-
Alanx,

Gach clay plaiclet is itsell a multi-laycred structure of
aluminum pulysilicates. A continuous array of axygen atoms
firms ane facw of cach basic layer. “The polyxilicate shect
structure edges are uniled by these oxygen stoms, A oon-
linuous arrny of hydroxyl groups of joined octahedral alu-
mipa sructures formx 1be other face fnpming » two-
dimensional polyaluminum nxile structure. The pxygen
aloms sharing Lhe tetrubedral and oclahedral sructures bind
the aluminum atoms tn the silicon atoms.

Impurlcelions in thu assembly are primarily responsible
lor the oulural clay panicles possessing an snivnic chamge in
suspenmion. ‘This heppens because other di-, iri-, axl tetru-
valenl calions substituic for aluminum. The consequenco is
that some of Ibe oxypcn atoms on the surface become
unionic und becorme weukly disiaciable hydraxyl groups,

Natunal clay ulso has a cationic character copable of
eschanging their anions far others that are preferred. This
hoppens lweause alumioum atoms lacking a full complement
of bonds occur at some frequency sround the peripheral
ulge of the platelel. They must satisfy their remoining
valencies hy aitracting anions from 1he aqueous suspension
that they occupy. If these cationiv sits ane not satisficd with
anioms frm solutions, the clay can xatisly ity own charpe
halance by orieating itsclf edge 1o fave axsembling » “~card
house™ siructure which forma thick dispersions. Polyacrylaie
dikpursanis ion exchangs with the cationic kiles providing u
repulsive chanacter 10 the clay preventing these assemblics
and simplifying the production, shipping, and use of ihe
clay.

Akaolin grade WW Fil slurry is a slurry kaolin marketod
by Dry Branch Kuolin Company of Dry Branch, Ga. suitable
1o make tissue paper webs of the present invention.

Starch

In some aspects of the invention, il & useful W inclde
sarch ws une of U ingrediens of 1he papeemaking furnish,
A siarch that has limited sclubility in water in 1he presence
uof paticulate fillers and flbers is panticularly useful in
cerain aspects of the invention to be detaited laier. A
common means of achieving this is 10 use a so called
=vationic starch™,

Ax usidd hercin 1be term “cationic sarch® is defined ax
aarch, & paturally derived, which has been farther chemi-
cally muodified 0 impart a cationic constiluent maiety.
Preferahly the starch is derived from com or potatoes, bul
can be derived from uther sources such as rice, wheat, ar
tapioca. Starch fmen waxy maize alao known industrially ns
amioca starch is panicularly preferred. Amioca starch differs
from common dent com siarch in thal it ix entirely
smylopeetin, whereax common eom slarch conlaing beah
emylopeciin and amylase. Various unique characturisgics of
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amioca siarch ans lunther deseribed in = Amioca—The Starch
from Waxy Com®, H. M. Schopmeyer, Food Indusirivs,
Decembur 1945, pp. 106—108, The starch can be in granulor
form, pre-gelatinizxd grunular form, ur dispursed form. The
disperscd form is preforred. If in granular pre-golstinizod
fcrm, il need only be dirpensed in cold water prior Lo ils use,
with the oaly pre<caution being 1o use cquipment which
overcomes any lendency to pel-black in forming the dispur-
&ion. Suilable dispersers known as eduetons ane comman in
the inclusiry. If the starch is in granular form and bas
heen pre-gelatinizsd, Il is necossary to cook the starch o
induce swelling of 1he graonles. Preferuhly, such starch
granules are swallen, as by cooking, io a point jus! prinr w
dinpension of the slarch grunule, Such highly swollen starch
granules shall he referred 10 e heing “fully cooked™. The
conditivns lor dispersion in peperal can vary depending
upon the size of the starch praneles, the degree of crysial-
Tinity of the granulkes, and the amoual of smylose prescni,
Fully evoked amioca starch, for cxample, can he prepared hy
heating an aquenus slurry of g 4% consixiency of slarch
granules ut sbout 190° F, (about R8° €) lor hetween about
30 and about 4( minutes.

Cationic starches can be divided inlo the following gen-
el clasificmions: (1) teniary aminnalkyl cibers, (2) onum
starch sthers including quatemary amines, phosphoninm,
and mlfonivm decivatives, (3) primary and sceundary ami-
noalkyl siarches, and (4) miscellancous (e.g.. imino
slarcls). New cationic products continue 10 he duveloped,
but Lhe ieniary aminoalkyl cihers and quatemury ammonium
alkyl ethers ane the main commercial ivpes, Preferably, the
calionic starch has a degree of substitution ranging from
about 0,01 to abaut 0.1 cationic substituent per anhydroglu-
aRc units ol siarch; the subslilucnts preforably chosen fmom
the sbove mentioned types. Suilsbl: starches are produced
hy Natiinal Starch and Chemical Compaay. (Bridgewair,
NJ1.) under (he tradename, ReliBOND®, Grades with cal-
ionic moaicties only such as RediBOND 53208 and Redi-
HOND 5327® are suilable, end gracdes with ackditional
anionic functionality such a5 RediBOND 2050) arc also
suitable.

While not wishing In be hrund by theary, it is helicved
that the cationic starch which is initinlly dirsabved in water,
hecomes inkoluhle in the premence of fillor hecause of its
aliraction for the anionic siles an the filler surface. "This

* caues the filler to be covered with the bushy starch mol-
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ecules which pmvide an afiractive sucface for more filicr
panicica, vliimaicly resuliing in agglomeration of the filler.
"The ssseniial clement ol this siep is belicved 10 be the size
and shape of the starch molecule miber thin the charge
characteristics of the starch. For example, inferior remilts
would he cxpecied by substitnling a chanue biaxing specics
such as synthetic linear polyelecirolyte for the cationic
siarch.

In one embudimemt of the present invention, cutionic
starch is preferably added w the particulate filler. Tn this
case, the umount of catinnic starch added is rom about 0.1%
10 abaut 2%, but most preferably from about 0.25%. 10 abom
0,75%, hy weight hased on the weight of the particulate
fillor. In thia aspect of the inveation, if is preferable to wse o
cationic flacculant &% a retention aid,

[n anather embodiment of the pressm inventinn, it is
prefernad 10 add cationic starch 1o an entine aqueous paper-
making (urnish, preferably at a point before the tinal dilution
ut the fan pump. This axpect of the invention makes use of
an anionic focculanl as a relenlion aid, In this aspect of the
invention, it is preferable to add cotionic storch at a rate from
about five 1n alwout twemy 1imes the mie of the anionic
fecculant.

199
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The cationic and anionic flocculants mentioned in 1he low nx ahout 0.005% polymer by weight bied on the dry
above are deseribed in detnil in the following sections. waight of the polymer und the dry lnished weight of lissue
Reiention Aids paper will deliver nsciizl results, but nocmally the usape rate

A number of materiakk are marketed a5 so-called “reten-  Wonld he expected w he higher: even higher for the purpoeses
tlion aids”, 2 term as used herein, referring 0 acklitives used 5 ©f the presont invention than commuonly praciiced us appli-
o inurease the retention of the finc furnish solids in the weh  cation of these materials Amounts as high ax shoul 05%
during 1 papermaking process. Without ilequate retention might be employed, but normally ahaut 0.1% is oplimum.
of 1he fine solids, they are either losl to 1he process efluent Anionic Floceulant
or accomulaie to exvessively high concontrations in the In anather aspeet of the present invention, an =anionic
revirculating whit waier hop aid cawse prodietion difli- 1o floceulant”™ is an usclul ingredient. An =anionic floceulant”
culiies including deposit buildup and impaired drinuge. 55 ueed herein refers 1o & high moleculur weight polymer
Chapier 17 entitled “Retention Chemistry™ of “Pulp amd having pendant anionic groups.

Paper, Chemisiry and Chemical Technology™, 3nd wd., Vol 3,
by J. E. Unbebend and K. W. Brity, A Wiley Intemscienc
Publication, incorporated hercin by refercnce, provides the

Anionic polymers often have a carboxylic acid
{(-—COOH) moiety. These can be immediately pendant Lo the
essontinl understanding of the types snd mechaniams by !§ polymer backhune or perdlunt through typically, an alkuleae
which polymeric rciention aids function. A flocculant B particulardy an alkalene group of  few carhony. In
agglomerates suspended parfickes gencrally hy a bridging ,  queous medium, except at low pH, such carboxylic ackl
muchanism. While cerioin muhivalent calions are conwid-|  @rmoups ionize ta pravie to the pulymer a negative changu.

vred commun floceulants, they are generally being wplaced Anionic polyrmers suitable for anionic flacculants do uot
in practice ry superior acting polymers which curry many §0 wholly ar esatially consist of monomeric units prone to
charpe sites along the polymer chain, yicld 2 carbaxylic acid group upon polymerization., instead

Gationic Flocrulant they aro comprised of a combination of monomers yiclding

Tissue: products acearding 1o the present inventjon conbe § - both nonionic and anionic functionalily. Musomers yiclding
cffectively produccd using as a retention aid a “cationic | nonionic functionality, especially il possowsing u polar
fioceulunt™, a lerm which, es used herein, refers 1o a class of |° chameter, ofien exhibit the same thocculating tendencies us
polyelecirolyte. These polymers geoerally ociginale Trom ionie funciionality. The incorporation of such monomers is
copolymerization of one or morne ethylenically unsalucated oflen practiced for this reason. An ofler used nonionic umil
nonomers, generally scrylic monamers, that connist of or | # (methlacrylamide.
include calionic monomer. Anionic polyscrylamides hoving relntively high molecu-

Suisble cationic monomers are dialkyl amino alkyl- * lar weights are satisfactory flocculating agents. Such anionic
(mwth)acrylutes or {meth)acrylamickes, eithor snacid salisor ~ polyscrylamidos comain a combination of (meth)acrylamice
quatcrnary ammonium salis. Suituble alkyl groups include and (meth)acrylic acid, the lutier of which can be durived
dialkylaminoethy{meth)acrylaies, dialkylaminoethyl{meth) ~ from the incorporation of (meth)acrylic acid monomer dur-
acrylumidcs and dialkyluminomuthyl{meth)acrylamides and i3 the palymerization step or by the hydrolysis of some
dialkylsminn-1,3-propykmethjacrylamidcs. These cationic ** (meth}scrylamide units afier the poalymerization, or com-
monomerx are preferably copulymerized wilh & nonionic  hined metbals,
swamer, prefegbly acrylamigk. Other suitable polymers The polymer is proforably substaniially linear in compari-
are pulyelEylcnu imines, polyamide epichlarohydrin %00 ta the glahular structure uf anionic stanch.
polymers. and homopolymers or copalymenrs, genorally with A wide rango of charge densitics is wscful, although a
acrylamide, of monomers such as diallyl dimethyl ammo- ©' medium density is preferned. Polymers usclul (0 make
nium chiuride, products of the present invention contain cationic funclional

Any conventional cationic synthetic prlymeric occulant  groups at a freguency mnging from as low as about 0.2 in ax
swilable for use on paper as a reiention ajd can be wscfully  high as abowt 7 or higher, but more preferably in a range of
umployed to make preducts according to the prosont inven- . aboul 2 1o about 4 milliequivalents per wram of polymer.

tion, Polymees us:ful in make lissue prochicts acconding 1o 1ho
The: polymer ix preferably suhstantially lincar in compari-  present invention should have a mobocular weight of al least
som In the globular siructure of cationized slarches ahout S00,000, and preferably a mulccular weighl showe

A wide moge uf chargs densilies is useful, although a  3hout 1,000(XK), and, may advantagcously have a molccular
medium density i preferred. Polymens wseful 1o make g, Weiht above 5,000,000,
prducts of the present inventing contain eationic fsnctinnal An cxample of an scceptable materinl s RETEN 2350,
Eroups at a frequency ranging from as low asabout 0.2 tons ~ which is delivered ax a solid granule: a product of Hercules,
high as 2.5, but mosne prefersbly in a range of shout 1 10 [nc. of Wilmington, Del. Another acveptable anionie floc-
ahout 1.5 milliequivalents per grum of polymer, Polymers  culant is Accurac 62®, a product of Cylec, Inc. of Slamfond,
uncful w0 make lissuo products accnrding to the present 55 Conn.
inventinn should have a molucular weight of at leost ahout ‘Those skilled in the art will recupnize that the desired
S0L00, amd preferably 8 molecular weight shove shout  usuge rates of hosc polymens will vary widely. Amounts as
I.(!ll.l'llﬂ. and, may acvantsgeously heve a molecular kw as shout D.005% polymer by woight hased on the
wyipht abeve 50000,(0K). finished dry weight of tissue papee will deliver usclul resalia,

Examplus of acceptahle materials are RETEN 1232@ and o but normally the usags rate would be expected to by higher;
Microforn 2321®, hath emuision polymerinad cationic  cven higher for the purpases of the prescnt invention than
polyscrylamides and RETEN [57®, which is delivered ssa~ commanly practiesd as application of thase muterisls.
solid granule: all are producis of Hercules, Inc. of  Amounix as high = about 0.5% might be cinployed, but
Wilmington, Del. Another ucceptable cationic floceulunt is  nurmally aboul 0.1% is optimum.
Accnrac 1. a puduat of Cvtec, Ine. of Stamforl, Copn. 45 Bond Inhibiling Agents

Those skilled in the an will reoopnize that the dexired Bond inhibiting agents are vxpressly included in the
usage fies of thess polymers will vary widely, Amounis us present invention. Aceeplable hond inhibiting agenis com-
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* prise the well known dislkyldimethylammonium salts such
us dilalkwdimethylammonium chloride, dilallowdimethy-
lammonium methyl sulfate, dithydrogenated)iallow dim-
ethyl smmonium chlorkle; with di(hydrogenated)tallow
dimethyl ammanium methyl sulfaie being proferred. This
particuler maierial is available commercially from Wilco
Chemical Company Inc. of Dublin, Ohin uder the rade-
name Varisafi 137®. Bond inhibiting agents acl lo disrupt
the natural fiber to fibir bonding that accurs during the
papermaking procers. The level of bond inhibiting agent, if
used, is preferably l'rom abaut 0.02% 16 shout 0.5%, by
weight based on the dry weight of the tissuo paper.

Other Additives

Other materizls can be added 1o 1he aqueous papormaking
furnish er the embryonic weh 1o impant other characteristics
fo the product or improve the papermuking process so long
as they are compatihle with the chemisiry of the selecied
particulatc filler and do oot signilicantly and advernsely afTect
the sofiness, strenpth, ur kw dusting ehasacter uf the prosent
invention. The lallowing materials are oxpressly incloded,
but their inclusion is nal offercd to be all-inclusive. Other
materials con be included a wall so lnng as they do no
inferfere or cnunteract 1he advantages of the present inven-
tion.

It is common to add a cationic charge biasing species 1o
the papermaking, process Lo control 1he Zeta potential of the
uyueous papermaking fumnish as it is delivered 1o the paper-
making process. These materials are used hecause most of
the solids in nuture have negative surface charges, including
the surfaces of culllosic libers and finvs and moat inomanic
IiMlers. Many experis in the Aeld bolicve that a cationic
change bigsing species is desirable as il partially neutrulizcs
these solids, making them more easily Aocculated by cat-
ionic Nocculunts such as the befare mentiond estionic
sturch and cationic polyelectrolyle. One traditionally usexd
cutionic clnrge biasing specics is alum. More recently in the
urt, change biasing is done by usc of relatively low molecular
wuight cafionic symthetic polymers preforsbly having 2
malecular weight of no more then about 500,000 and moge
preferably no more than about 200,000, or cven aboui
100,000, The cherge densilics of xuch low molecular weight
calionic synibelic pelymers are relatively high. These charge
duonsitics moge lrom about 4 10 ahout 8 cquivalents of
cationic nilrogen per kilogram ol polymor. Onv suitable
malerial s Cypro 514®, » prnduct of Cylee, Inc. of
Swumlord, Conn. The use of such malerials is expressly
allowed within the practive of the present invention. Caution
should he used in their upplication, bowever. It is well
known thal while a small smount of such agenis can setually
uid relention by neuiralizing anionic conters innevessible 10
the larger Nocculant malecules snd therehy lowaring fhe
particle repulsion; however, since such materials can com-
pete with cationic locculanis for anionic anchoring siles,
1hey can aciually have on elfect apposile to the intended one
by negatively impacting netention when anionic silcs are
limitez],

‘The uxe of high surface arca, high anionic charge micro-
porticles for the purposes of impraving, formation, druinage,
sirength, and retention is well taught in the ar. See, for
cxamplo, U.S. Pal. No. 5,221,435, issued 10 Smith eon Jun.
23, 1993, incorporaled herein by reference. Common mate-
rials [ur this purpuse are siliva eolbuid, or beotoai: clay. 'The
incorporation of such mawrials is expressly included within
the acope of tho present invention.

If permancnl wet strength is desired, the group of chemi-
caols: including polyamide-cpichlorohydrin,
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polyacrylamides, siyrenc-huindicne latives; insolubilized
polyviny! aivohol; urca-formeidehyde; polyeihylencimine;
chitosan polymers and mixiures thereol can be added 1o the
papcrmaking furnish or to the embryonic web. Polyamile-
epichlorohydrin resins ore cationic wel sirength resins which
have been found 1o be of particular utility. Suilahle types of
such resins are degcribed in U.S. 7l No. 3,700,623, wsued
on Oct. 24, 1972, and U.S. Pal. No. 3,772,076, issued on
Nav. 13, 1973, both issued 1o Keim and both heing hercby
incorporated by reference. One commerciol aource of a
uselul polyamide-cpichlorohydrin resins is Herculos, Inc. of
Wilmington, Dul., which markeis such resin under the mark
Kymeae S5TH®.

Many tissuc paper products must have limited sirength
when wel because of the need 1o dispose of them thraugh
toilots intw septic or svwer systems. I wel strength is
imparted 1o thesc products, it is prefermed to be fugitive wet
streoyth characterized by a decay of pan ar all of its polency
upon standing in presence of water. If fugitive wel sirength
is desired, 1he hinder materials can be chosen [rom the group
consisting of dialdehyde sincch ar nther resins with aldchyde
functivnality such a8 Co-Bond 10008 affcred hy Nulional
Starch and Chemical Company, Parcz 7508 offcred by
Cytec of Samford, Conn. and the resin deseribed in ULS.
Pat. No. 4,981,557 issucd on Jan. 1, 1991, o Rjorkguist and
incorpocated hercin by reference.

Il enhanced absorhency jx necdod, surfactanis may be
used Lo ireal 1he lissue paper webs of the present invention.
The level of surfactani, if wwd, is preferably from sbhout
01% 10 about 2.0% by weipht, hasxl on the dry liber
weight of the tissue paper. The surfactants proferably have
alkyl chains with eighl or more carbon albms. Exemplary
anionic surfactants are lincar alky! sulfenatos, and alkylhen-
#ene sullunmes. Exemplory nonionic surfactanis sre alky-
Iglycosides including alkylglyeosiche vsems such as Crodesia
SL40® which is availusble from Croda, Ine, (New York.
N.Y.); atkylplycoside cthers as described in US. Pat. No.
4,011,389, issued to W. K. Langdon, ¢l al. on Mur. 8, 1977;
and alkyipolyethoxylated esiers such as Pepomperse 200 ML
availabks [rmm Glyeo Cliemicals, Ine. (Greenwich, Conn.)
and IGEPAL RC-520® availablu [rom Rhone Poulenc Cor-
poration (Cranbury, NJ.),

The present invention can also be used in conjunction
with adhesives and coatings dusigned (o0 be sprayed onto the
surface of the web or onto the Yankee dryer, such products
designed Jor ennirulling adhesion to the Yankee dryer. lor
cXample, U.S. Pai. No. 3,926,716, Baltes, incorporated hene
by relerence, disclses o process using an aqueous disper-
sion of polyvinyl aleohol of certain degree of Ingdrolysis and
viscosily for improving the sdhesion of puper wels 1o
Yankee drycrs. Such polyvinyl alechols, sold under the
trtdename Alrval® by Air Products and Chemicals, Ine. ol
Allentown, Pa. can bo used in conjunction with the: prosent
invention. Other Yankee coatings similarly recommencded
[or use directly on the Yankee or on the surface of the shect
are cationic polyamide or palyamine resins such ss those
made under the iradename Rezasol® and Upisaft® by
Houghton [nicrnational of Valley Forge, Pa. and the Crop-
otml® tradonumo by Hercules, lnc. of Wilmingion, el
These can also be used with the present invention, Prefer-
ably the weh is secured 10 the Yankee dryer by means ol an
adhesive sclecied Irom the group cansisling of partiolly
hydrolyzed polyvinyl alcohal resin, palyamide resin,
polyamine resin, mineral oil, and mixtures thereol. More
preforably, the adhesive is selected from the proup consint-
ing of polyamids cpichlorohwlrin resin, mincral oil, and
mixtures thereol.

1Y
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The above listings of optiomal chemicel addilives is
intended 10 e mercly exemplary in naturo, and ure nul
meant 1o limit the scope of the invention.

Preparation of the Aqueous Papermaking Fumish

Those skilled in the art will snize that not only the
gualitative chemical composition of the papermaking fur-
nish js important to the tissue papermaking process, bul also
the relative amounts of vach component, and the requence
and timing of acklition, amang other factrs. It has now heen
found that the following techniques are suilable in preparing
the aqueous pupermaking furnish, bul jix delineution should
nol be regardsd as limiting the scope of the present
invention, which is defined by the claims set forth a1 the emd
of this specilication.

Papermaking lihers are linst prepared by liberating the
individual fibers into a zquenus sturry by any of the common
pulping methods adequately described in tho prior an.
Rollning, il ncoessary, ix then camied out on the selected
parts of the papermaking fumixh. It hax been found thei there
is an mivantage in retention, il the aqueons slurry which will
later te used to adsorb the paniculate fHller is refined at least
Ie: Ibe equivalenl of o Canadian Siandand Freeness of about
600 ml but, more preferably 550 ml or helow. Dilution
generally favors the absomtion of polymers and retontion
mids; consequently, the slurry or slurnics of papermaking
fiburx at (his point in the proparation is preferahly no mors
than foom ahont 3=5% solids by weight,

The sclected particulate filler is first prepared by also
dispersing il imo an egueous shurry, Dilution generally
Tavors 1he absorption of pulymers and retention aids ontn
solids surfaces; consequuntly, the slurry or slurries of par-
ticulste {illers at this point in the preparation is preforably no
more than from abowt 1-5% solids by weight.

Onv aspeet of the iovention is based on a cationic floc-
culant retention chomisicy, It iovolves Jirst the addition of a
starch with & limited water solubility in the presence of the
parliculate lilker. Prefurably, 1he surch is cativnic and it is
added us an ayueous dispemsion in an nmount mioging from
abuul 3% by weight 10 1.09 by weight, based on the dry
weight of the starch and 1he dry weight of the particulate
liller, stricily ke the dilute ayucons slurry of panticulute filler.

While not wishing 1o be bounkl by theory, it is believed
thal the starch acts as an agglomerating agent onto the filler
and resulis in applomeration of the panicles. Agglomerating
the Mller in this maonor makes it more effectively adsorbex
unin the surfaces of the papermaking fibers. Assarpliion nl
the filier onia the fiber surfaces can be accomplished by
combining the slurry of agglomeruics with a1 least one slurry
of paparmaking fibers and ackliag a cationic Hoceulant to the
resuliant mixtune, Again, while nol wishing to be bound by
heory, the actinn of 1he locculant is thought 1o be sffecive
al this point hy bridging betweon anionie sites on the
paparmaking tibors and anionic sites on the filler agglom-
crales.

The cationic flocculant cin be added at any suitahle point
in the approach flow of the slock preparation sysiem of the
papermaking process, 1 i panticularly prefemed 1o wdd the
cutionic flocculant aficr the fan pump in which the final
dilution with the recycled machine wuter retumed from the
provess is made, It is well known in the papermaking ficld
that shear stages hreak down Dridges furmed by flocculating
agents, und hence it i pencral pructice to add the floceu-
lating agent aflor as many shear stugus encountercd by the
aqueous papermaking slurry as feasible,

A second aspect of the invention is hased on an anionic
floceulant. In this aspect, the anfonic Nocculant is preferably
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adkded at kas 1o an aqueons slurry of the padiculate fitker
while it & essentially isolated from the remaincker of the
aqueuus papermaking Mumish. The ecombinelion ol anivnic
flocculant and panticulate fitker & then combined with at least
a ponion of the papermaking libers and cationic starch is
addud to the mixiure; this combination and starch addition is
prefemhly accomplished prior 10 the final dilwion of the
process wherein 1he recycled machine water is combined
with the aqueous papermaking mish and conveyed 1o a
headbox by a fan pump.

Advantageously, there & pnwided an additional dose of
flocculant after the starch is added. While it is essential in
this aspect of the inveation that the inilisl dose of flocculant
be of 1he anionic type, the portion of occulant added afier
the fan pump can he of eilher 1he anjonie type or cationic
type. Most profurably, this sceond dose of floceulant occurs
afier the linal dilution with the recveled machine water. iz,
after the fan pump. It is well known in the pepermaking fiekl
that shuar stages break down the flacs formed by Hoceulat-
ing apents, and hence il is general proactioe 10 add the
flocculating agent afier as muny shear stages encountered by
the aqueous papormaking slurry as feasibhs.

Those wkilled in the an will recognize that the helore
mentioned reeommended addition of Nocculant dircaly 1
the particulate filler is an exceplion 1o minimum shear stuge
approach: thus this aspect of the present invenlion yiclds an
unexpecivd advantage when al least a purtion of the anionic
flacculant is added to the particulate filler whike it i essen-
tially free of the ciber components of the squcous paper-
making fumish and the focenlam treated particulate liller is
added o the papermaking fibers prior (o the linal dilution
siape. A suitable ratio for poim of addition of the anicaic
flocculant is about 4:1, Le. For cach [ pant of the ol
floceulant dosage that is added aller the fan pump, abuut 4
parts arc advantageously ackled dircetly o the particulate
liller. ‘This ratio can vary considerably, and it is antivipated
that raties from ahout 0.5:1 to H0:1 might be sppropriate
depending on varying circumslances.

In preparing products representing cither of 1he hetore
mentioned relention regimens, if mulliple sturries of paper-
making fibers are prepared, ome or more of thy slurries can
b used 10 adsarh particulate fibers in accundance with the
presen) inventiun. Even If ome ar mare ayueous slurrics of
papermaking fibers in the papermaking process is main-
tained relatively frec of paniculate fillers prior i reaching
its fan pump, 0t is preferred 1o add & cationic or anionic
fNloceulant after the fon pump of such sturries. This is because
the recycled water used in that fan pump contains iiler
agglomenates which failed 1o refain in previous passes over
the foraminons screen. When multiple dilute fiber slurries
are used in the creped papermaking process, the Now of
cationic or anionic flocculant is preferably added 10 all diluie
tiber slurries and it should he added in 2 manner which
appmximalely proportions it to the flow of solids in the
aqueous papermaking fumish of each dilute liber slurry.

In a preferred armngement, a slomy of relatively shon
papermaking Ilbems, comprising hardwood pulp, is prepared
and nsed 10 adsorb fine particulute 1ikems, while o slurry of
rclatively long papermaking fibers, enmprising soltwood
pulp, is prepared and lefi cssentially free of fine particulates.
The fate of the resultant short fibered slurry is 10 be directed
10 the outer chambers of a three layersd headbox 10 form
surface layers of a three layered tisswe in which & Jong
fibered inner layer is formed aut of a inner chamber in the
headhox in which the slurry of relatively long papermaking
fibers ik directed. “The resultant Alled tissue web i particu-
larly suilshle for converting into a singhe-ply lissue product,
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In an alternatc preferred amngement, & shury of rela-
tively short pupermaking fiburs, ecomprising hardwood pulp,
is preparcd and used 10 adsarb i particulste fibems, while
a slurry of short papermaking fibers, comprising bardwnod
pulp, is prepared and lefl relatively free of fine paniculates,
and & slurry of relalively long papermaking fibers, compris-
ing softwond pulp, is prepared and leRl essentially free of
fino particulates. The [ate of 1be resultant shori fibered slumry
containing fine particulate fillers is 10 be dirccied tn one
chambor of & multi-chambered headbox, while the resultant
shon libered slurry maintained relatively free of particulates
is dirocted to another chamber and the resuliant long lilwered
slurry is dinceted to a thind chamber. Preferably the chambers
are disposed such that 1he chamber to which the relatively
long fibered slurry is directed is disposed between the other
twu chamburs and the chamber carrying the relalively shont
fibered slurry being relatively [ree of fine purticulae fillers
deposits jts slurry direcily upon the foruminous surface,
while the chamber carrying the reltatively short fibered slumy
conlaining the fine particulate (iller deposits its slurcy on the
upper surface furthest from the foraminous carrier.

‘Those skilled in the art will alsn recognize that the
apparent oumnber of chambers ol a headbox can be reduced
hy directing the same 1ype of aquenus papermaking furnish
lo adjacent chambers,

In all arrenpements, i is exsential o compose the furnish
direcied 1o each layer 1o achieve the lint ratio prescribed by
the present invention. 'This is preforably accomplished by
preforontially adding starch to the furnish which i the
genosis of' the opposite-side surface and thercby reducing the
slarch added o the fumish which is the genewia of the
fabric-side surface. The linl ratio can also increamx! by
adding a hond inhéhiting agent prelerentially into the layer
which will ultimately yickl tho fabric-sidle surface.

While not wishing, 1o he bouad by Lheory, it is believed
that the fabricside surfoce of a llled tisue paper without
having biased surface properties (0 achivve the lint ratio
preseribed bercin is more loxiured than a similarly made
tissue web which does not contain fillers. This is believed 1o
urise from the pecessily 10 hond the fibers more tightly to
avercomo the sirenpth loss essociaied with the displacement
of fibers with finc particulate. Consequontly, the fine-delail
of the felt or fibric into which the web is deflected s
reprwduced wilh wreater clarity imparting more roughness 1o
the weh. This difference is nnt notixeable nn the other
surface because Lhis surface is not malded inlo a felt or
fabric and consequently possesses a surface wexture of an
clirely different magnitude. Consequently, reducing the
hanling on the felt-side surface has a positive ellect which
outweighs the nopatives associaled with furlber increasing
the holing on the niher mirface.

Further insight into preparation methods for the aqueous
papermaking furnish can be guined by referencs to FIG, 3,
which is a schematic rspresentation fllustrating a preparation
of the agueous papermaking furnish for & papermaking
opuration yiclding a product accurding 1o the aspoct of Lhe
invontion based on calinnic flocculant and I1G. 4, which is
a schemulic representation illusirating a preparation of the
ayucous papcrmaking fumish for the crepod papermaking
oporation yielding o product sccording 1o anatber aspect of
the invention hased on anionic flocculant. ‘The following
discussiva refers o FIG. 3:

A wtorage wessel 1 is provided for staging an aquenps
slurry of relutively long papormaking fibees. The slurry is
vonveyud by means of a pump 2 and optionally through a
retlaer 3 to fully develop the sirength potential af the long
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papermaking fibers. Additive pipe 4 conveys a resin 1o
provide for wet or dry sirength, a8 desired in the finished
product. The slurry is then further conditioned in mixer 5 to
aid in absarption of 1he resin. The muilably conlitione:l
sluery is then diluted with white waler 7 in a fan pump &
forming o dilule long papermaking liber slurry 1S, Pipe 20
adds a cationic Noceulant 1o the slurry 1S, producing a
occulated long fibered slumry 22.

Still referring to FIG. 3, a storage vessel 8 is a nepository
for a fine particulate filler slurry. Additive pipe 9 conveys an
aqueous dispersion of n cationic slarch xiditive. Pump 10
acts 1o convey the e particulaie slurry ar well ax provide
for dispersion of the starch. The sturry is conditioned in e
mixer 12 1o akl in ahsorption of the additives. Resultani
slurry 13 & conveyed 1o a paint where it is mixed with an
aqueous dispersion of refined short Ilber pepermuking Abers,

Siill referring, to FIG. 3, shorl papermaking fiber slurry
originates Irom a repository 11, from which it is conveyed
through pipe 4% by pump 14 through a rellner 15 where it
becomnes a refined slurry of short papermaking fibers 16.
After mixing with the conditioned slurry ol line particulate
filier 13, il hecomes the short liher hased aqueons papor-
making shirry 17. White waler 7 is mixed with slurry 17 in
a lan pump 18 &1 which point the slury becomes a dilute
agucous papcrmaking slurry 19. Pipe 21 diretis a calionic
Nocculant into slurry 19, after which the slurry becomes o
Hoceulated aqueous papermaking slurey 23.

Prelerably, the flocculated short-fiber based aqueous
papermaoking shurry 23 is directed to (he prelerred creped
papermaking process illusirated in FIG. L and ix divided into
two approximalely equal streams which are then direcled
into headhox chambers 82 and 83 uliimately evolving into
fabric-gicde surface Iayer 78 uml the apposite-side surlbce
layer 71. respectively of the strong, sofi, low dusting, lilled
tissue paper. Similarly, the aqueous foceulsixl long paper-
muking, fiber slurry 22, referring 10 FIG. 3, is proferably
directed into headbox chamber 825 vltimately evolving intu
center layer 73 of the strong, solt, low dusting, filled tissue
paper.

In an aliermite amangement, the loceulated shon-fiber
hased wjucous papermaking slarry 23 of FIG. 3 is dirceted
1o the papermaking process illustraed in FIG. 2 and is
divided into twn approximately cqual streams which are
then directed into headbox chambers 181 and 183 ultimately
evolvinyg into fabric-side surface layer 172 anl 1he opposite-
sicle surface layer 173, respectively of 1he strong, sofl. low
dusting, flled tissue papor. Similarly, the aqueous flocen-
lnted long papenmaking fiber slurry 22, referring 1o FIG. 3,
is preferobly directed into headbax chamber 142 ultimatcty
evolving inlo conier layer 174 of the strong, sofl, low
dusting, lillcd Lissne paper.

The lollowing discussion refers 1o FIG. 4:

A storage vessel 24 is provided for siaging an aqueons
slurry af relatively long papermaking flbers, The slurry is
conveyed by means ol a pump 25 and aptionally through a
refiner 26 to Tully develop the stremgih polential of the long
papermaking fibers. Additive pipc 27 Conveys a mesin o
provile for wel or dry sirength. a5 desired in the finished
product. The shurry is then further conditioned in mixer 28
1o aid in absorption of the resin. The suilably conditioned
slurry is then diluted with while waler 29 in a fan pump 30
forming a diluie long papermaking fiber slurry 31
Opiionally, pipe 32 conveys an floceulant 10 mix with slury
31, forming an aqueous flocculated long liber papermaking
shiry 33,

Shill relerring to 171G, 4, a storuge vessel 34 b a reposilory
for a fine paniculale liller slurry. Additive pipe 35 conveys
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an aqueons dispersion of a anivnic Aocculani. Pump 36 acts
lo vonvey Lhe line particulaie slurry a8 well as provide for
disporsion of the Noceulant. The slugry is condilioned in &
mixer 37 ko aid in ahsorption of the additive. Resultent slurry
M is conveyed to a poinl where it is mixed with an agqueous
dispersion of shnn papermuking fibers.

Still relerring 1o FIG. 4, a short papermaking fibor slurry
originaies from s repository 39, from which il is conveyed
through pins 48 by pump 40 to o point where il mixes with
the conditioned fine particulate filler slurry 38 10 become the
short fiber avedd aqueous papermnking slurry 41. Pipe 46
conveys an agucous dispersion of calivnic starch which
mixex with slurry 41, aided by in line mixer 50, 10 form
flucculated slurry 47. White water 29 is directed inlo Lhe
locculaled slurry which mixes in f'an pump 42 1o hecome: the
diluie Nocculated shont fiher based oqueous papormaking
slurry 43. Optionally, pipe 44 conveys additional Hocculant
1o increase lhe level of floceulation of dilute slurry 43
lorming shury 45,

Preferably, the short papermaking fiber slurry 48 from
KIG. 4 is dirceted to the proferred papermaking process
illusirated in FIG. 1 and is divided into two streams which
are then direcied into beedhox chambers 82 ead 83 ulti-
mately evolving into leli-side surface layer 73 and opposiic-
sitde surface layor 71, respeciively of the sirong, soll, low
dusting, filled Isue paper. Similarly, the long papermaking
fiber slurcy 33, refereing to FIG, 4, is preferably dirccted into
headlwix chamher 82h uliimately evolving into center layer
73 af the sirony, solt, low dusting, filled tissne paper.

The Creped Papermaking Process

06, 1 is 1 schemalic representation illslrating a creped
papenmaking prwess for producing a strong, soft, and low
dusting lilled ereped lissue paper with bissed surface boad-
ing propentics. These prefurred embodiments are described
in the following dincussion, wherein referonce is made to
FIG. 1.

FIG. 1 i a sido elevational view of a prefurmed paper-
making machine 80 for menulacturing paper according 10
the prosent invention. Referring to FIG. 1, papcrmaking
machine 80 comprises a laycred headbox 81 having a top
chamber 82 a conter chamber 82h, and a bolinm chamber 83,
u slice mool 84, and a Fourdrinier wire 88 which is looped
over and ubout breast roll 86, dellectar 90, vacuum suction
huoxes 91, evuch roll 92, and « plurality of turning rolls 94.
In operation, vne papermoking furnish i pumpud through
iop chamher N2 a second papermaking fumish is pumped
through center chamber K25, while a 1kirl lurnish is pumped
through boltom chamber B3 and thence out of the slice roof
84 in over and under relation onto Fourdrinier wire 85 o
form thereon an embryonic web 88 comprising layers 88q,
and 885, and 88c. Dewatering oceum through the Four-
drinior wire 85 and is assisicd by deflcctor 90 and vacoum
boxes 91. As the Fourdrinier wine makes ils return run in the
dircction shown by the arrow, showers 95 clean it prior to ils
commencing another pass over breast mll 86. At web
tramsfer zone 93, the embryonic web 88 is transbemed w a
foramipnux carrier fabric 96 by ibke action of vacoum trans-
ferhox 97. Carrier labric 96 carrics the web foom the transfer
mnc 93 pust vacuum dewatering box 98, through blow-
through prodryers 100 and pasi twu loming mils 101 afer
which 1he web is Iransforred 10 8 Yankee dryer 108 by the
action of pressure mafl 102, The carrer fabric 96 is then
cleaned and dewatered as it complules its loop by passing
over and around additional wwrning rolls 101, showers 103,
add vacuum dewatering box 108, The prodried paper web is
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adhexively secured 1o the eylindrical surface of Yankee dryer
108 aided hy adhesive applied by spruy applicator 109,
Drying is compleied on Lhe sicam heated Yankee drver 108
and by hot air which is heated and circulated through drying
hood 110 hy means oot shown. The web is then dry creped
from the Yankee drver 108 by ductor blade 111 afier which
it ix designated paper sheet 70 comprising o Yankec-side
layer 71 a ccnter lnyer 73, apdl an off-Yankeo-side layer 75,
Paper sheet 70 then passes betweon catendar rolls 112 and
113, about a circumferential portion of rcel 115, and theace
is wound into a roll 116 on a coro 117 disposed on shafl 118,

Siill referring lo FIG. 1, the genesis of Yankee-side layer
71 of paper sheel ) is the fumish pumped through bottom
chamber 83 of headhox 81, and which fumish is applied
directly to the Fourdrinier wirc 85 whereupan it becomus
Inyer 88 of cmbryonic web 88, The genesis of the center
layer 73 of paper sheel 70 ik the furnish delivered through
chumber 828 of headbox 81, and which furnish forms laver
RED on top of layer B8c. The genusis of 1he wif-Yankee-side
layer 75 ul paper sheet 78 is (he fumish delivercd through
top chamber 82 of headbox 81, and which furnikh forms
layer 8872 on top of luyer BB of embryonic weh B8,
Although FIG. | shows papermachim: B0 having headbox 8L
adapled lo make a three-layer web, headbox 81 may alter-
natively be adaplied Lo make other muhi-layered lissuc weehs
having different numbers of layers. One embodiment of the
present invention is achieved hy relepating the fine particu-
late filler to the furnish resulling in layor B8c; therchy
increasing the relentive cificicncy of Lhe papermaking pro-
Cuss,

Furthur, with respect 1o making paper sheet 70 embxxlying
the prescnt invention on papermaking machine 80, FIG. 1,
the Fourdrinicr winc BS must be of a fine mesh having
relatively small spans with respect 1o the average lengths of
the libers comtituling the short fiber furnixh o that guod
formation will oceur; and the foruminous carrier inbric 96
shovld have u fine mesh having rolatively small opening
spans wilth respect to the averape longths of the fibers
cansiiluting 1be long fiber furnish 10 substantially ohviate
bulking the fabric side of the vmbryonic web into the
inter-filamentary spaces of the fobric 96. Also, with respect
tw Lthe process conditions for making exomplary papor sheet
70, the paper web in profurably dried 10 about 807% fiber
consisiency, and more preferably 10 ahout 95% fiher con-
sistency prior Lo creping.

The present invention ix applicable o creped tissue paper
in gomeral, including bul not limit! 10 comventionally
lelt-pressed creped tissue paper; high bulk patiern densilied
creped tissue poper; and high bulk, uncompacted creped
tissue paper.

‘The Uncreped Tissue Papermaking Procoss

FIG. 2 is a schematic ropresentation illusiraling an
uncreped papermaking process for procducing a strong, soft,
and low dust filled uncreped tissue paper. These proferred
emhodimenis are described in the following discussion,
wherein relerenes is made 10 FIG, 2,

FIG. 2 is a side clovational view of a preferred paper-
making mechine for manufacturing uncreped tissoe paper
wehs aevording to the present invention. Referring to FIG,
2, the papermaking machine comprises a layered headbox
180 having u tup chamber 181 4 center chamber 182, and 2
boltom chambeor 183, a slice roof 184, and a foaminous
farming labric (e.g. o Fourdrinivr wire) 185 which is lonped
awr anl about broast roll 18K end a plurality of turaing rolls
shown bul oot numbered lor simplicity. In operation, one
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papermaking Turnish is pumped through top chamber 181 &
second papermaking fumish is pumped through center
chamher 182, while o third (urnish is pumped ihrough
botiom chamber 183 and thence out of the slice rool 184 in
over and under relation onto Foundrinier wiro 185 ta form
thereon & multi-layered cmbryonic weh 198, Dowatering
aceurs through the Fourdrinier wine 185 and can be assikted
hy dellecinms or vacunm boxes which for simplicity are nol
shown. As the Fourdrinier wire makes its return, showers,
nol shown, clean it prior 1o its commencing another pass
uver becost roll 188, The embryonic web suppoacd hy
Fuurdrinicr wirc 185 is transferred 1o a foraminous transler
(i.c. currier) lebric 186 hy the action ol vacuum ransicr box
IN?. Carrier (sbric IN6 wravels at a shwer specd Lhan
Fourdrinier wire 185, ‘The purpuse of carrier fabric 186 is
theretore to shurien the embryonic web 198 relative o its
length while buing supporied on Fourdrinier wire 1BS. A
further pumose of carricr fabric 186 i 10 transport the
embryonic web 1o a blow through dryer labric 190. During
thir travel, the emhrynnic web can aptionally bu furiher
cewatered hy means uf vacunm boxes not shawn. The path
af ¢arrior fabric 186 ix controlled by a plurality of turning
rolls sbown bul not numbered for simplicity. The 1rsnsfer to
the blow through dryer fabric 190 is elecied by means of a
vacupm box 191, Carrier [abric 186 is preferably showered
by means not shown prior 1o ils retuzn to the web tronsfer
vone promoled by vacuum hox 187. Afier fransfer o the
hlow throuph dryur [abric 190, the wet weh is iransparted
through blow 1brough dryer 192, whereupan, hot air gener-
aled by means not shown is propelied throuph the drycr
[ubric and consequently the embryonic web which resides
thereupon. ‘The dried weh 193 is dislodped from the dryer
fabric 190 at the cxit of the predryer. A1 this point, dried web
193 can optiomally be dirceted botween Iwo, relatively
rmoath, dry end carrying (abrics, an uppor fabric 196 anl a
lower fahric 194. While secursd between labrics 196 and
194, the dried web 193 can he calendensd by o serics of fixed
gap calendering nips formed between opposing pairs of
rallcs 195, ‘These nips smooth the surface and coniral the
thicknuss of the tissue paper.

Stilt referring to €5, 2, the finished calendored web 171
cmurges from the space hatween oppasing carrier lahrics
196 and 194 still supparted by carrier fabric 194 afier which
it is wonnd vpon reel 19R. ‘e (nished web 171 is com-
prised of three layers an revealed in the detailed drawing
inst of F16G. 2A. Tho deteil drawing insct FIG. 2A revesls
ovtor Jayers 173 and 172 consisting of a fell-side surfacy
layer 172 andl an opposite-side surface layer 173 and a inner
loyer 174 between (be ouler layers 173 and 172, The genusis
of layers 173, 172 and 174 are the furnishes of headbox
chombors 183, 181 and 182 respectivoly. Althcugh FIG. 2
shows u papurmachine having headbox 180 adapied 10 make:
a threv-layer web, headhox 180 can altcrnstively be adspled
to make unlayered, iwn layer or ether mulli-layer wehs.

Furtbur, with ruspect 1o making paper shest 171 cmbody-
ing the present imvention: the papermaking mechine of FIG.
2 must pusowses o Fourdrinier wire 185 of a flac mesh having
rclatively small spans with respect 1o the average lengths of
the fihers conmituting the shon fiber fumish so that good
formation will oceur, ‘The preferned characleristios of the
clothing clements 186, 190, 194, and 196 specilic o this
clumn of papermaking arc adequalely discussed in the priar
arl, For example, Hylnnd, in European Pateat Application 0
617 (64 Al, published Scp. 28, 1994 and incorporsted
heroin by reference discusses the prefemed charecleristicn of
the heforememinned clothing.

‘The fllled 1ksue paper webs of the presem imvention have
1 hanis weight of hetween L0 g/m™ and wbout 100 g/m*. In
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its prefurred embodiment, the lilled tissue paper of the
present invention hax a hasis weight belween about 10 g/m~
and shout 50t g/m® and, mes preferably, hetween about 10
g/m* and aboul 30 g/m=. Tissue paper webs suilable for Lthe
proasnt invention posscas a density of ubout 0.60 g/em® or
luas. In its preferred embodiment, the lifled tissue paper of
the presenl invention has a density botween about 0.03
glem® and aboul 0.6 giem® and. must preferubly, belween
about 0.05 g/em® and 0.2 gem™.

The presenl invention is further applicable to multi-
Inyered tissue paper webs. Tissue stnictuores formed from
layured paper webs ar described in U.S. Pal. No. 3,994,771,
Moargan, Jr. cl al. issuwed Nov. 30, 1976, U.S, Pul. No.
430,981, Carmens, issucd Nov. 17, 1981, U.S. Pai. No.
4,166,001, Dunning et al., issued Aug. 28, 1979, and Euro-
pean Paicnt Publication No. O 613 979 Al, Edwards et ul.,
published Sep. 7, 1994, all of which are incorparaled herein
by refercnce. The layers ane preferably comprised of dilter-
ont fiber typus, the fibers typically being relatively long
softwood and relatively shorl hardwood fibers as used in
multi-laycred tissue tznpcr making. Multi-layercd tissue
paper webs suiluble for the present invention comprise at
least two superposed layers, an inner Jayer and al leaxt one
ouler layor contiguous with the inner layer. Preferably, the
multi-layercd tissuc papers comprise three spperposed
layers, an iomer or cenfer layor, und 1wo ouler Joyers, 2
Yonkee side ouler layer and an ofl-Yapkee side ouler Jayer
with the inner layer Jocated between the two outer layers.
The Yankeo sidle outer layor is s nimed because It forms the
surface which conlects (be Yankee dryer surlace. The Iwo
outer layers preferably comprise a primary lilamenigry con-
stituent of relatively shorl paper making fibers having an
avurago liber leogth between abowt (05 and about 1.5 mm,

referably loas than ahout 1.0 mm. These short paper making
Ehnm typically comprise harthwood fibem, prefurably hard-
wood Kraft fibers, end most preferably derived from cuca-
lyptus. The inner layer preferably comprises a primary
(ilamenlory conslifuent of relatively long paper making
libers having an average flher Iength of least about 2.0 mm.
These long paper making flhers are typically softwawxl
fibers, prefunsbly, northern snltwood Krafi fikers

Preferably, the majority of the partivulate filler of the
present invention is contained in at least ooe af the auter
layers of the mulli-layensd Lissue paper web of the presem
invention. In one embodiment of the present invention, the
majority of the particulaie filler of the present invention is
contuined in both af the ouler layem. In another embodiment
of the present invention, the majarity of the particulatc Niler
is contained in ooo of the ovler layers; specifically. in 1he
ouler layer ariginaling at the [apthest distance from 1be
foraminous surface, i.c., the labric-side surfuce outer layer,
The other culside layer is reforred 10 herein as the opposite-
skle surface Iayer. The inner layor is located betwecn the two
outer layers (i.c. fabric-side surface layer and opposile-side
surface layer). While nat wishing 10 be hound by theory,
directing the liller materinl to this layer is belicved o resall
in greater retention owing 1o the build up of an initial fiber
layur prior wu the drainage of the furnish contajning the lller
roaterial. Tn addition, the presence of 1he tller in the surfuce
layer disigned 1o have the higher lint of the 1wa surface
layurs akls in achieving the desired lint raio preseribex! in
the presenl imvention.

‘The Limue paper products madk: from multi-layered timue
poaper wohs can be single-ply tissuc products or multi-ply
Lissue products. The advaniages of the present invention will
b mod pronounced when the mulii-layered tirsue paper
webs of the present invention are used in single-ply tirsuo
paper products.

vy
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'The equipment and metbods are well known 1o those
skilled in the art. In a Lypical process, a low consisiency pulp
[urnish is provided in a pressurized headbox. The beadbox
has an apening for delivering a thin deposii of pulp furnish
onio the Fourdrinior wire Lo furm a wot web. The wob is then
typically dewalered 1o a flbur consistency of between about
7% and about 25% (itotal web weight basis) hy vacuum
dewalering.

“To prepare filled tissue papor prodiucts according 1o those
disclesed in the present invention, an agucous papermaking
furnish is deposited on a foraminous surface to furm an
embryonic weh, The scope of the invention also includes
timue paper producis resnltont from the formation of mul-
tiplo paper laycrs in which two or more layers of furnish are
prefurably formed from ihe deposition of scparaic sireams of
dilute fiber slurrics for cxample in a multi-channcled head-
bax. The layers are preferably comprised of different fiber
types, the fibers typically being relatively Inng sofiwood and
relatively short hardwood ilbers as used in multi-layered
lissue paper making. I the individual laver are initinlly
formed on sepamte wires, the luyers are subacquenily com-
bined when wel to form a multi-layered Lissue paper weh.
"The papermaking fibers are preferably comprised of differ-
ent fier types, the finers Iypically being relatively long
suflwood and relatively short harlwood fibers. More
prefurahly, the hardwuod fibers comprise at least about 50%
ud sael softwood libers comprise at least about 10% of said
papermakiog fihers.

In the papermaking process used to meke filled Lisiue
products according o the preseni invention, (he sep com-
prising, the transler of the web to a fcht or fabric, oy,
cunventionally [elt pressing tissnc paper, well known in (he
an, is expressly incloded within the scope of this invontion.
In this process sicp, the web is dewatered by transfurring 1o
a dowatcring fell and pressing the web so that water is
rumoved from the weh inlo the fell by pressing operations
wherein the web 8 subjected fo pressure develnped by
opposing mechanical members, for example, cylindrical
rolls. Because of Lhe subsianlial pressurcs needed to
de-water the weh in this fashion, the resuliant wobs made by
conventional felt pressing an: relatively high in density and
an: characterized by having a uniform density throughout
the web siruciure.

In the papcrmaking process used 1o make filled fissue
products according 1o the present invention, the siep com-
priring thw transfer of the semi-dry web 10 8 Yankeo dryer,
1he web is pressed during transfer 1o the cylindrical steam
drum apparatus known in the art as & Yaokee dryer. The side
ol weh pressed againgt the Yankee dryer is referred 1o hercin
us the “opposite-side™ surface outer layer, whereas the side
[cing away from the Yankee dryer is neferred 1o hercin as
the “fabric-side” surface outer layer. Tt transfer is clfected
hy mechanical mezns such as un opposing cylindrical drum
pressing against the web. Vacuum may also be applied 1o the
weh ag il is pressed againsi the Yenkee surface. Multiple
Yankev drycr drums cun be employed.

More preferable variations of the creped papermaking
process for making Mted tisyxe papens include the so-called
patiern densified methods in which the resultant siructors is
characterid by having a relotively high hulk fokd of
relatively low fiber density and an amay ol deasified zones
of relatively high fiber densily dispersed within the high
hulk field, The high bulk ficld is allematively characterized
ax 3 ficld of pillow regions. The densified zonos are alier-
natively referred 1 as knuckle regions. The densiful zoncs
may he discrelely spaced within the high bulk fleld or may
b interconnected, either fully or panially, within ke high
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bulk field, Preferably, the zoncs of relatively high density are
continuous and the high bulk field is discrew. Preferred
processes for making paottern densified tinsue wehs arc
disclosed in U.S. Pat. No. 3,301,746, issued o Sanford and
Sisson on Jan. 31, 1967, U.S. Pat. No. 3,974 (125, issved 1o
Peter G. Ayors on Aug. 10, 1976, and US. Pat. No. 4,191,
609, issved 1o Paul . Trokhan on Mur. 4, 1980, and U.S.
Pal. No. 4,637,859, issued 10 Paul D. Trokhan on Jan. 20,
1987, U.S. Pal. No. 4,942,077 issued 10 Wend! et al. on Jul.
17, 1950, Buropcan Patent Publication No. 0 617 164 Al,
Hyland el al., published Scp. 28, 1994, European Paient
Publication No. 0 616 (174 Al, Hermans o al., published
Sup. 21, 1994; all of which arv incorporated herein by
refercnce.

To fonn pattern densificd creped tissuy waehs, the web
lransfer sicp immediawly afier forming the web s to »
forming [abric rathor than a felt. The web is juxtaposed
agains! an array of supports comprising the forming lubric.
The web is pressed againsl the army of supporis, therehy
resulting in densified »nncs in the web at the kalions
guographically corresponding 1o the points ol coalact
between the array of supporis and the wetl web. The remain-
cter of 1he web not compressed during this operation is
referred 1o as the high bulle ficld. This high bulk licld can be
further dedensilicd by application of fluid pressure, such as
with a vacuum type duvice or a blow-through dryer. The weh
is dewatered, and oplionelly predricd, in such a manner s
88 to substantially avoid compression of the high hulk ficld.
This is preferably accomplished by flukl pressure, such as
wilh a vacuum type device or blow-hrough dryer, or aller-
nately by mechanically pressing the web against an array of
sopports wherein the hiph bulk field is not compressed. ‘The
aperalions of dewniering, optionsl predrying end formation
of the densifled zones may be integrated or panially infe-
graied to reduce the total number of processing sieps pur-
formed. The moisture content of the scmi~iry web ar the
point of transfer to the Yankec sucface: is less than aboul 40%
and the hol air is forced through said semi-dry web while the
semi~dry web is on said forming fabric 10 form o low densily
siructure.

The patiern densificd web is transferred 10 the Yonkee
dryer and dried 1o complution, prefcrably sill avoiding
mechanical pressing. In the present invention, preferably
[rom about 8% to ahout 55% of the creped Lissue puper
surface compriscs dunsified kmxckles haviog o relative den-
wily of at least 125% of the density of the high bulk lleld,

The army ol supports is prelerbly an imprinting carier
fabric having a patierned displacoment of keuckles which
operate as the ammay ol supporis which lacilitawe the forma-
Lion of the densified zones upno application of pressure. The
pattern of knuckles constituies the array of suppons previ-
ously relurred 0. Imprinting carrier fabrics are disclosod in
U.S. Pat. No. 3,301,746, Santord and Sissom, issued Son. 31,
1967, U.S. Par. No. A.R21,068, Salvucei, Jr. et ul., issued
May 21, 19, U.S. Pat. No, 3,974,125, Aycrs, issued Avp.
10, 1976, U.S. Pal. No. 3,573,164, I'ticdberp ¢l al., issucd
Mur. 20, 1971, U.S. Pa1, No, 3,473,576, Amncus, issued Ok,
21, 1969, U.S, Pat. N, 4,239,065, Trokhan, issusd Dex, 16,
1980, and U.S, Pal. No. 4,528,239, Trokhan, jssucd Jul. 9,
1985, all of which are incorporated herein by reference.

Muost preferably, the embryonic weh is caused 1o conform
1o the surface of en open mesh drying/imprinting fabric by
the application of a NMuid force 10 tho web and therealier
thermally predricd on said fabric es part of a low density
paper making process.

The advantages of the present invention will be realized
w tbe grestest degree when the drying or imprinting fabric
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herein before described i onc which is charuclesived by
huving continuous high density (-knuckle™) arcas dispersed
within a high bulk ficld. Prelerably, rclatively high bulk
arces of o dillerential densily structure ore discrele rogions
seferred to as =pillows™ herein. When the drying or imprini-
ing fuhric comprises continuous high density or kouckle
sreaw, 1he pillows ore necessarily discercie, The frequency of
pillows in a piven area of the e paper is significanL It is
desirable 10 maintain as high a lovel of. pillows as possibic
for maximum balk amnd visibilily of the imprinting lubric
patiem. However, excessive size can deiract signiflcantly
lrom softness owing 10 tho negatives of the moce grossly
toxtured surface. The present invention is particularly apphi-
cahlo 10 rather cnarsely woxtured tissue papers. ‘Thurelore,
o proferred embodiment of the present invention com-
priscs |issue papers with less than abaul 150 discrete regions
(i.c., pillows) per square inch of tissue paper surface, mare
proferubly lesn than shout 100 discrete regions (ie., pillows)
per aquare inch.

Amather variation of the processing steps inchxked within
the present imvention includes 1the formation of, so-called
uncompacied, non patiero-demsified multi-layerod lissuo
paper slructures such o e described in US. Pat, No.
3812000 isued 10 Joseph 1. Salvucel, Jr. and Peter N,
Yinnos on May 21, 1974 and U.S. Pal. No. 4,208,459,
imsoed to Henry B Becker, Albort L. McCormell, and
Richard Schuite on Jun. 17, 1980, both of which are incor-
purated hercin by reference. In ponerul uncompacted, non
paltera demsified multi-layered tissue paper Rructures arc
prepared by depositing a papor making furish on a forami-
nuus forming wire such as a Founlrinier wire ta form a wet
weh, draining the web and remuwing additional water with-
oul mechanical compression until the weh has o filer
conrisency of al least 80%, and creping the wob, Wiler is
remaved from the weh by vacuum dewatering end thermal
drying. The resulling structure is a soft but weak high bulk
sheet of relatively uncompacied fibers. Bonding materiol is
preferably applicd 10 purtions of the weh prior 10 creping.

The advaniapes rolaied to the practice of the present
invention include the ability to reduce tho smount of paper-
makiny fibers required to produce o given amount of tissue
puper product, Furiher, the optical properties, particulady
the opacity, of the tissue product are improved. These
advaniages are realized in a tissue paper web which is sofl
while having a high lewel of strength and low tendency for
linting and dusting.

"The lerm “sirenyth™ as used hercin refens 1o the specific
twigl temile strength, the determination method for thiy
measor is included in a later section of this specification.
"The Lissue paper webs according to the present invention are
sirong. This penerally means that their specific to1al wensile
sirength is at least about (1,200 meters, more preferahly mare
than alout 0,300 meters.

The terms “lint” ond =dust” arc uscd inierchangeably
herein and refer 1o the endency of a Lissue paper web 10
rolease fihers or particulate filless as measored in a con-
trulbed abrasinn tesy, the methodnlopy for which is detailed
in a luter scetion «of this specification. Linl axl dust are
relaled 1 strength sinee (he tendency 1o roloase fibers ar
particles is dircetly related to the degree o which such fibers
ar particles ane anchored into the slruciure. As (s averall
level of ancharing in increased, the mireagih will he
increased, Howevee, it is possible to have 1 level of stremyh
which ik regorded as accepiable bt have an unaccepiable
evel of linting or dusting. This is because Tinting or dusting
can he localized. For examplo, the surface of a tissue paper
wub can be prone 1o linting ar dusling, while the degree of
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boading beneath the surlace can be sufficienl 1o reise the
ovenll level of sirength 1o quile acceplablk: levels. In anothor
casc, the sirength can be derived from & skeleton of rela-
liwly long papermaking fihers, while liber fines or the
particulate flller can be insulicienly bound wilhin the
siructure. ‘The filled tissue paper webs aceording lo the
present invealion arc selatively low in linl. Ultimate Jipt
values, representing, the evernpe of Linl values of 1he labric-
side surface and 1he oppasite-side surface, below about 12
are preferable; helow about 10 arc more preferable.

The multi-layered tissue paper web of this invention can
e used in mny application whene soll, ahsorbent multi-
layured tinmuc paper wehs ero required. Particularly advan-
wgeous uses of the multi-layered tissuc paper web of this
irrvention are in loilet tissue and facial tissue prexlucts, Bath
single-ply and multi-ply tissue paper products can be pro-
duced from the webs of 1he present invention.

‘The Sofl Filled Tieswe Paper with Blased Surface Prop-
criics

FIG. 8 is a schematic represemation of one embadiment
of the sofl lissue paper of I present invenlion revealing the
structure of the various layers of the creped tissue papor.

Refumring 1o FIG. &, inner layur 120 is localud boetween
fabric-side surface layer 122 and opposite-side surface layer
121. Inner layer 128 predominately contains softwood libers
123, while cach of the ocuter layers 121 and 122 predomi-
pantly vonlain hardwoxd fibers, 125,

Fine particulate liller particles 124 are prefcrably localed
in outer layers 121 and 122, and, particularly in one espect
ol 1be invemion are restricivd as far as practical 1o the layer
122.

The degree of bonding in layer 122 is controlled 10 e luas
than in layer 121 such thet the lintl value when measured
with respect Lo layer 122 is higher than when messuned willi
reapeet to layer 121, This is accomplishesd hy promoting Jess
bonding in layer 122 relative 1o layer 121, Those skilled in
the art will recognize specific meuns by which this can be
accomplished. Examples of means include refining the Tur-
nish compasition for layer 122 In less degree, using less
binder such as starch in layer 122, adding a higher propor-
tioa of all of the filler 1o luyer 122, adding a bond inhibiting
agent to layer 122, or aliering the ratios of thickness of the
lnyers such that layer 122 conlains more mass than layer
122,

Proferably, layer 122 will have from about 1.5 10 about 2
Limes as much mass as luyer 121.

Anslytical and lesting Procodures

A. Density

The density of multi-laycred tissue paper, as that term is
used herein, i he averzge density caleulawed as the basis
waight of that paper divided by the caliper, with the appro-
priste unil conversions incorporated therein, Caliper of the
multi-layered tissue paper, as used herein, is the thickaes of’
the paper when subjected 10 a compressive load of 95 gfin®
{155 giem®).

B. Molecular Weight Determination

The uvssential distinguishing characierintic of polvmeric
malerials is their maleculur size. ‘The properties which have
onablcd palymert Lo he used in a divemity of appli:ations
dorive almost entirely (rom their macro-moleculor natwee, In
orler 1o chamcierize Tolly these materials it is wscniial 10
have some means of deflaing and determining their molecu-
Inr wuigine and molecular weight distributions, It i more
correct 10 une the ferm relative molecular mass rather 1he
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s Vilker in Tismie Paper =

Weipht of Filler
Hrmm 1=

1o imm )

Ietormination of Kaolin Clay hy XRF

‘Ihe main advanlage af the XRY: 1echnique over ihe muflle
lurnocs ashing technique i speed, but it i not as universally
upplicable. The XRF spectrometer can quantilate tho level af
kuolin clay in a paper sample within 5 minutes compan:d to
the hours il takes in the mulfle lurnace ashing method.

The X-ray Fluorescence tochnique is hased on the bom-
hardment of the sample of imerest wilh X-ray photoms from
8 X-ay lube sourcs. This bombardment by high encrgy
photons causes core level clectrons 1o be photoemitted by
the elements present in the sample. These cmply core levols
are then fllled hy ouler shell eleetrons. This filling by the
auter shult electrons resulia in the Muorescency process such
that additional X-ray photons arc emilied by 1the clomenis
present in the sample. Each clement has distinet ~finger-
print” encngies far these X-ray fluorescent trensitions. The
vnergy and thus 1he identity of the element of inlerest of
these emitted X-ray Nuorescence photons is determined with
u lithium doped xilicon semiconductor deteciar. This detec-
1or malas it possible 1o determine e energy of the imping-
ing photons and thus the idenlify Lthe slements present in the
sample. The cluments from sodium to uranium may be
identificd in most sample malrices.

In 1he cuse ul the clay fillers, the dulecied clemenls are

huth silikon aod aluminum. The particular X-ray Fluores- |

cenee instrument used in Lhis clay analysis is a Spectrace
5000 mode by Baker-Hughes Inc. of Mountain View, Calif,
The firs stop in the quantitalive apalyris of clay is 10
<alibrute the instrument with a scl of kmown clay Mlled tissue
standucds, using clay inclusions ranging fram 8% 10 20%,
for example.

The ¢xact clay level in thew: standard paper samples is
cetermined with the muflle lurnace ashing techaique
dencribed shove. A hlank paper sample is also included 18
une of the standards. At lcast 5 standards bracketing the
dosired 1amot clay level should he used 1o calibrate the
insirument.

Bufore 1be aciual calibralion process, the X-ray tube ix
powered 1o seitings of 13 kilovults and 0.20 milliamps. The
imstrument is also st up 1o integrale the detected xignals lor
the uluminum and silicon contained in the clay. The paper
sample is preparcd by (irst culiing a 2" by 4" atrip. This strip
i# then folded 1o make a 2"»2" with the off-Yankee sidc
lacing out. This sample ix placed on top of the sample cup
ond hekl in place wilh a refaining ring. During sample
preparation, can: must he 1aken 10 keep the sample [Eat o lop
ol the sample cup. The indrument ix then calibrated using
this se1 of known standands.

Aficr calibrating the inslrument with the set of known
stundards, the lincar calibration curve is stared in the com-
puler sysiem’s memory. ‘This linear calibrolion curve is used
w caleulaie clay levols in the unknowns. ‘To insure the X-ruy
Fluorescence sysiuin i stuble and working properly, s check
sumpl af known clay conlent is run with every set of
unknowats, I[ the analysis of the check sample results in an
inaccurate result (10 to 15% off from ik known clay
coatent), the instrument is subjecicd 1o trouble-shooting
arxl/or re-calibrated.

For vvery paper-making condition. the clay conlent in a1
least 3 unknown samples is deivrmined. The average and
stundard clovistion in taken for theso 3 samples, If the clay
opplication procedure is suspecied or intentionally st up 10
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vary the clay conlent in either the cross direction (C'D) or
machine direction (MI)) of the paper, more somples should
be measurcd in these CI and MD directions.

E. Measaremeni ol Tissue PPaper Lini

The amount of lint penerated from a tinsue product is
determined with a Sutherland Rub Tester. This testor uses a
moior 10 rub a weighted [elt 5 times over Ihe stationary Toilet
tissue. The Hunter Color L value & mueasired helore sod
afier the rub test. The difference berween these two Hunler
Color L. values is calculaled ax lint.

SAMPLE PREPARATION

Prior1o the lint rub testing, the paper samples 1o be tesiud

should be conditioned acenrding 10 Tappi Muihod
#T4020M-88. Here, sampks arc preconditioned for 24
hours at a relative humidity Jevel of 10 to 35% and within
a temperuture range of 22° In 4I° C. Aller this preaundi-
ticning step, sumples should be conditivoed fur 24 hours at
a relative humidily of 48 tw 52%, and within a tempenton:
range of 22° to 24° C. "[Tis rub westing should ulso taks place
within the conlines of the constan! temperature aod humidity
roam.
The Sutherlond Rub Tester may be uhtuined fram Tesling
Machines, Inc. (Amityville, N.Y., 1701). 'The tissue is fiml
prepared by nemoving and discarding any prixduct which
mighi have been abraded in handling, e.g. on the ouside of
the rell. For multi-ply Haished product, sufficient sectivns
with each seclion eontaining two shects of multi-ply produci
are removed fo yield six xections of two-shects cach when
separated. The plies of the muhi-ply product are scparaied
forming the six sectivoy with cach containing two sheels of
single-ply product; the six sections are set on the hench-top.
From this point [orward, the individual plics of a multi-ply
product are treale<] in the same manner as a single-ply
product. For singk-ply product, six scetions with each
containing {wo sheets of singlo-ply product are renoved and
st an the bench-top. Each sample is then folded in half such
ueat the crease is running along the cvoss direction (CD) of
the tissue sample. Make up 3 samples with the (abric-sile
surfsce “our™ and 3 with 1he opposifu-side surface ~oul”,
Keep track of which samplcs ore [abric-side surfacs “out™
and which are opponite-side surfaco out.

Obtain a3 J0"x40" piece of Crescent #3UN) cardbourd [mom
Cordage Ine. (RO0 L, Ross Roxl, Cincinuati, Ohin, 45217).
Using a paper culler. cul out six picees of condbound of
dimemsions of 2.5%x6". Puncture two holes inlo cach of the
six cards hy forcing the cardboard onto the hold duwn pins
of the Smhberland Rub tester,

Cenier and carcfully place cach ol the 2.5™x6" candbnard
picces on 1op of the six previously folded samples. Make
suro the 67 dimension of the candboard is running parallel o
the machine direction (MD) of each of the tissue semples.
Center and carefully place cach of the canthoand pieces on
tup of the three previnusly fulded samples. Once again,
make surc the 6 dimension ol the candboard is running
parnllel 10 the machine dircetion (MID) of each of the tissue
samples.

liokl one udge of The oxposed portion of tissue sample
onlo 1he hack of the vandboard. Secure this edge o the
cardboard with adhesive 1ape oblained from 3M Inc. (%"
wide Scotch Brand, St. Puul, Minn.). Carelully grosp the
ather over-hanging Lissue cdge and snugly fold it aver onta
the back af the cardbourd, While maintaining a #nug fit of
the paper anta the hoard, tape this second «dge 0 the huck
of ihe cardboand. Repeat 1his procedure for cach sample.

Turn uver each samplo andt tape the cnms dircetion wdge
of the tissue paper 1o the eardhoard, One half of the adbusive
tape shonld contact the tissue paper while the ather half is
adhering to the cardhoard. Repeat this procedure lor each of,
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the samples. IF the tissue samply breaks, tears, or boocomes
frayed al any time during the course of thix xumple prepa-
ralion procedure, discard and make up 2 new sampk: with &
tiew lissuc samphe sirip.

There will now be 3 fabric-side surface ~oul™ samples an
cardboard ond 3 upposite-side surfoee "ovut”™ samples on
cardboard.

FELT PREPARATION

Obtain a 30" x40 pies of Crescont #3000 candbourd from
Canlage Ine. (80 E. Ross Road, Cincinnati. Ohio, 45217),
Using a paper culier, cul oul six picees ol cardhoard af
dimensions of 2.25"x7.25%. Draw two linus paraliel 1w the
short dimension and down 1,125 from the top and botiom
mud edpes on the while side of the cardboard. Carefully
score the length of the tine with a razor hinde using a stroight
cdpe as a guide, Score il 1o o depth abont hulf way through
the thickness ol the shext. This scoring allows the candhoand/
fult combination 1o fit lighlly around 1he weight of the
Sutherland Rub fester. Draw an armw running parallol to the
Inng dimension of the cardboard wn this scored sids of the
cardhoard.

Cul the six picces of black [elt (I-55 or equivalent from
New England Gaske1, 550 Broad Streei, Drisiol, Conn.
06010) 10 1he dimensions of 2.25"%R.5"xL{1625%, Place the
felt on top of the unscored, geeen side of the cardbnard such
that the lung edges of both the lelt snd canthuand are parsliel
and in alignment. Make surc the Rufly side of the feh is
facing up. Also allow about 0.5" 10 overhang the 1op and
botlom mast edpes of the cardboard. Snugly fold over both
uverhanging fell edpes onto the havkside of the curdhaard
with Scotch brand 1ape. Prepare a lofal of six ol Lhesc
[elt/cardhaard comhinations.

For best reproducihility. all samples should be run with
the same lat of fell, Obviously. ther: are occasings whore a
single lol of felt becomes completely depleted. In 1hose
caxes where a new lol of fuli must be oblained, a cormection
faclor should he dewermined for the new lot of felt. To
delermine the currection facior, vblain 4 representative
single tivsue sampk: of interest. and enough el 10 make vp
24 candboanfch samples fur the new and okl Inis

As deseribed below and before any rubbing has taken
place, obtain Huntor L. readings for cach of the 24 cardhoard/
felt samples of the new and old kis of fell. Calculate the
uverngex for both the 24 candboard/{ol ssmples of 1be old lol
aml the 24 cardhoard/lch samples of the now lot.

Next, rub test Ihe 24 candhoardfult hoands of the now lot
ax] 1he 24 candbound/foll bosnds of the okd lot as dencribod
below. Moke sure the same 1 ixsoe It number is used for each
of the 24 samples [or the old snd new loig. In addition,
sampling of the paper in the preparation of the cardboardf
lissue samples musi be donc: 5o the new ot of felt and the old
It of fcht are exposed o a8 represcnialive as passible of a
lissuw mmple. Discard any pmduct which might hove heen
damaped or ubeaded. Next, obtain 48 strips of fissue each
two usable units (also termed sheets) lony, PMlace the A rwo
usable unit sirip on the for lefl of the lub bench and 1he lest
al’ the 48 samples on 1he (ar right of the bench. Mark the
sumple 1o the far kel with the oumber~1" ina 1 emby 1 em
area of tho comer of the sample. Continue 10 mark the
sumples consecutively up 1o 48 such that the last sample to
the far right is pumbered 48,

Use the 24 odd numhered samples for the new feh and the
24 even numbered samples for 1he uld fell, Order the od
number samples frum lowest 1o highest. Order the even
numbered somples from hnwest I hiphes. Now. mark the
howest number lor ach sel with o letler *E.™ Mark the next
highest numher with the letter =0).” Contintue marking the
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samplex in this alternating ~F~/~0~ paitern. Usa the =F~
samples for fubric-sick surface “om” lint analyses and the
“()” samplex for oppasite-side surface “oul™ lint analyses.
There are now a total of 24 samples for the new ot of fell
and the old lot of feh. OF this 24, twelve are for fabric-sice
surfoce *onl™ linl analysis and 12 aro for oppoRites-side
surfacy “out”™ lint analysss.

Rub and measure the Hunter Color L values [or all 24
samples of 1the okl fell as deserihed below. Record the 12
fabric-side sortace Hunter Color 1. values for the old ke,
Avcruge the 12 values. Recond the 12 upposite-sicks surlsee
Hunier Color L values for the uld fult, Averago the 12 valuus.
Subiract the average initial un-rubbed Hunter Codor L. Felt
reading from b average Hunter Color L reading for thy
fabric-side surface rubbed samples. This i the delts average
dilference for (he mbric-side surface samples. Subtract the
average initisl un-rubbed Hunter Color 1. felt reading from
the everage Tlunter Color L reading for the oppogite-sikle
surface rubbed samples. This is the delta average diffcreace
for the opposite-side surface samples. Calculate the sum of
the deha average differency for the fubric-side surface und
the delia average differcnee lor the opposite-side surface and
divide this sum by 2. This is the uncorrected limt value for
the ald feh. If there is a current [elt correction factor for the
okl feli, ackl it 1o the uacorrected linn value for the old el
This value is the corrected Lint Value for the old felt.

Rub and measure the Hunter Color 1. values for all 24
samples of the new [ell s deseribed below. Record the 12
fabric-side surfoce Hunter Color L valoes for the new felt.
Avernpe the 12 values Recond the 12 oppositeside surface
Hunter Culor L values for the new felt. Average the 12
values. Subiract the avernge initial un-rubbed 1unter Color
I fell rending from the average Hunier Colar L neading for
the fabric-side surfuce ubhed samples. This s the duelin
avergo difference for the fabric-side surface samples. Sub-
fract the average inmitial un-rubhbed Hunter Colur L felt
reading from the average Hunier Color L reeding far 1he
opposile-aide surfece ruhbed samples. This is the delia
avcrage difference for the opposite-side surfuce samples.
Cuoleulale the sum of the deha averape differencs for 1he
fabricwide surface and the delta average difference for the
opposile-side surface snd divide this sum by 2. 'Thix is the
uncorrected lint value [or the new fell.

Teke the difTerence between the correctod Lint Value fram
the okl lelt and the uncorrected lint value for the new felt.
This dilference is the felt correction factor for the new 101 of
foh.

Adding this el owrection [acior 10 the uncarreeted lint
value for the new fell should be identical 1o Lthe corrected
Limt Value for the old feh.

CARE OF 4 POUND WEIGHT

The four pound weight has Tour square inches of elfective
oontact area prwiding o contaet pressure of one pund per
square inch. Since the conlact pressure can be changed by
alieration of tho rubher pads mounted on the lace of the
weight, it is imporiant 1o use only the rubher pads supplicd
by the manufaciurer (lirown Inc., Mechanical Sorvices
Depariment, Kalamazon, Mich.). These pads must be
replaced if they becomo hard, abraded or chipped ofl.

When not in use, the weighl musi be positioned such thal
the pads are not supporting the full weight of the weight, i
ix best In store the weight on il side.

RUN TESTER INSTRUMENT CALIBRATION

The Sutherland Rub 'Fester must first be calibrawed prior w
use. Fimt, turn va the Sutherland Rub “Tasler by maving the
lester switch (o the *cont”™ position. When he tester arm ix
in its position chisest Lo the user, tum the wsicr's switch to
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the “aute™ pesiliun. Set the tester to ren S strokes by moving
the poimter arm on the large dial 10 the “five™ poxition
setling. One stroke is a single and comphete forward and
reverse molion of the weighl. The end of the rubbing block
shoukl e in the position closest 1o the operator al The
beginning and at the end ol cach test.

Preparc 3 tissue paper on cardbhoand sample as describesd
shove. In additivn, prepare a [elt on carboard sample as
described ahove. Bolth of these samples will be used for
calibration of the instrument and will not be used in the
scquisition of data [or the actual samples.

Place this calibration tissue sample on the base plate of the
tesier by slipping the holes in the board over the hold-down
pins. The hold-divwwn pins prevent the sample from moving
during the test. Clip the calibration fili/candboard sumple
onto 1he four pound weight with the candbcoand side conlact-
ing lhe pads of the weight. Make sure the cardbourl/felt
ambination is resting fla1 apainst the weight. Hook this
weight onto the kester arm amd genily place the tissuc sample
undementh the weight/fell comhination, ‘Ihe el of the
wuighi ckisest 10 the operator must be over the cardhoard of
the Lissue sample and not 1be tissae sompls iself The lelt
must rest [lal on the tiesue sample and musi be in 1009
contact with the tissme surface. Aclivale the tesier by
depressing the =push™ bulton.

Kezep a cnunt of the number of stmkes und observe and
make 2 mental nate of the starting and sinpping positian af
the felt eovered weight in rolationship 1o the sample. IT the
otal number of strokes is five and if the end of the feh
uiwered weight closest to 1be operator i over the cardhoard
of the tissue sample a1 the heginning and end of this lest, the
tester i calibruted and ready 1o use. If 1he 1olal numbwr of
strokes is pul live or if 1he end of the fell covered weight
closest 1o The operator is over the 2ciual paper lissue samplo
vither a1 the hepinning or end of the lew, repeat this
calibration proedure umil 5 strokes ure counted the eml of
the felt covered] weight closasl to the uperator is xiluated
wver the canlboard ut the hoth the siart ad end of the text.

Duriog the actual testing of samples, monitor and abserve
the stiroke count and the starting and siopping point of 1he
felt covered weight. Recalibrate when necessary.
IIUNTER COLLOR METER CALIBRATION

Adjust the Hunter Colur Difference Meter for the black
and while standard plates seenrding 1o the procedures vut-
lincd in the nperation munual of the instrumem. Also run the
stability check for tandandization as well s the daily color
stability check if this has not been done during 1he past eigh
hours. In sddition, L A reflectance must be checked and
readjusted il mecussary.

Place the white standard platc on the sample stage under
the imdrument pon. Release the sample siage and allow the
sample plale o he raisx] beneath the samphe port.

Using the “1.-Y™, “2-X", andl “b-Z" stundardizing knohs,
wdjust the inrnment 10 read the Standard White Plaie
Values of L7, “a", and =b" when the =1, ~a". and b~ push
buitons are depressed in tim.

MEASUREMENT OF SAMPLES

"Ihe first siep in 1be measurement of lint is to measure the
lunier color values of the black fel/cardboand samples prior
1o heing rubbed on (be wilet tissue. The first step in this
mersurement s W Jower 1he standard white plate from under
the insirument port of the Hunter colar instrument. Center a
felt cuvens! curdboard, with the arrow painting to the hack
ol the color meter, on top of the standard plate. Release the
sample stage, allowing the fell covercd candboard 10 bhe
raised under the sample pun.

Sinve the lelt widih ks only slightly larger than the viewing
arca dinmeler, make sure the felt complewcly covers the
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vizwinyg area. Alter confirming complete coverage, depress
the . push button and wail for the reading lo stabilize. Read
and record this L value to the nearest 0.1 unit.

If a D25D2A head is in use, lower 1he ol covered
carchoard and plate. miate the el covered cantboand 90
duprues %0 the arrow points to the right side of the metor.
Nexi, release the sample stage and cheek ance mone 10 make
sure the viewing area s cumpletcly covered with [eh.
Dopress the E push bution. Read and record this value 1o the
nearest 0.1 unit. For the D25D2M unil, the reeurded value
is the Hunter Cokor L. value. IFor the D25D2A head where a
rotsted sample resding is also recorded, the Hunter Color L
value is the average of the two recorded values.

Mensure the Hunier Color L. values for all of the el
cuveredd cardboards using this technisue, 11 the Hunter Color
L. values arc all within 0.3 unils of one anceiler, aks the
average to obtain the initial L reading. IT the Hunter Colur
L values are no1 within the 03 unils, discard theie felt/
cardbuard combinations ovtsivke the Emit. Prepare new
samples and repeat the Hunter Culor L measirement untit all
samples ane within (0.3 unitx of one another.

For the messurement of the actual lissue paper/cardboard
combinations, place the tissue samplefcarihoard comhina-
fion on the base plaie of the tesier by flipping the holed in
the hoard over the bold-down pins. The hokl-<down pins
prevent the sample from moving during the test. Clip the
calibration lelt/candboard sample onio the four pound weight
with the candheard gide contacting the pads of 1he weight.
Make sure the candhonrd/fell combination is resting flat
againx! the weighl Hook this weight onto the lester arm and
gently place the tissuc sumple underneath the woight/feh
combination. The end of the weight closedt 10 the operator
must be over the cardinard of the 1issuc sample and not the
tissue sample iirelf. The felt must rest Nat on the tissoe
sample and must he in 10 contact wilh the Lissue surface,

Nexl, activate the tesler by dupressing the “push™ butian.
At the end of the live strokes the tester will aulomatically
stop. Note the slopping position of the felt covered weight
in relation 1o the kample, I the end of the felt awercd weight
toward 1he operator is iwer cardbourd, the esler [s operating
properly. If the ond of the felt ciwered weipght toward the
operalor s over sample, disrepard this measurement and
recalibrale as directed shove in the Sutherland Rub Tester
Calibration sectinn.

Remove the wuight with the felt covenad curdhoard.
Inspeet the tissue samplo, If tom. Jiscard the [el and lissue
and slart over. I the lissuc sample is intacl. remove the lell
envered cardbosrd from the weight. Determime 1he Humter
Color 1. value oa the felt covered cardboard as deseribed
above for the hlank felis. Record the Hunter Color L
readings for the fell aficr rubhing. Rub, measurs, and necond
the Hunier Color I values for all remaining samples.

Altor ull tissues have heen measurcd, remove and discard
all felt. Fehs sirips are not used apain. Cardboands are used
untit 1they are beny, 1urn, limp, or no longer have a smooth
Avrfoce.

CALCULATIONS

Determine the delia L valwes by sublracting the average
initial 1. reading foun for thy unused fulis from oach of the
muasund values for the fabric-side surface and opposites
side surface sider of 1he sample as follows. Subiract the
average inilial L reading found for the unused felts from
cach of the three fahric-side surface | readings and cach of
tho thre: opposile-side surface 1. readings. Cakulatc the
average delia for the three fabwic-gide surface values. Cal-
culate tho averapo delia for the three opposike-side surface
side values. Subtract the fell fucior from each of these
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aweruges, The final restlts arc termed a lint for the fabric-
side sueface and a lint for the opposilc-side surface of th
lissue weh, By taking a ratio of the linl value on the
oppwilewide compared 1o the velue oa the [shric-side
surface, the ~fint rio™ is obisined, In other words, 10
caleulate the lint ratin, the following formula is used:

. . [ in} Vilue, opposite-side surfiace,
Tind Raio =—=pror Uslue, F.”EB:H: sthilace

BBy taking the average of the lim value on the fabric-side
surface and the oppusile-side surface, an ullimate lint is
ohisined for the ovenall tissue web. In other words, 1o
catculate the witimale lint, the following formula is used:

Ul 1 = 0L Valie. fabric-uiie + List Valve. oppovite-side

F. Messurement ol’ Pans] Solinuss of Tissme Papers

ideally, prior 1o sofiness lesting, the paper samples 10 e
lested showld be conditioned according 10 Tappi Method
#13020M-88. Here, samphes are preconditioned for 24
hours at a relative humidity kewel of 10 10 35% snd within
a temperature rnge vl 22° 10 40° C. Afler this precondi-
tivning step, sampkes shonld be conditioned for 24 hours at
a rclative humidity ol 48 1o 52%. and within a wmperature
range of 22° o 24° (0,

Ickaally, the softness pamc] twesding should wke place within
the conlines of a constant temperature and humility rmom.
IT this is not fuasible, all samplex, including the controk,
#houkl experivnce identical environmental exposure conli-
tives.

Sofiness tesding s performed as a painx! comparison in a
form <imilar 1o thal described in “Manual on Sensory
"lexting Methods™, ASTM Special “lechnical Publication
4M, published by the American Socicty For ‘lesting and
Mnierials 1968 and ix incomorated hercin by roference.
Sofiness is evaluated by suhjective testing uning what is
referred 1o us a Paired Diltercnce "lest. The method employs
a siandard extemel Iv the test material itsell. For tactile
pervoived snlinews twe Ramples sre prosented such that the
suhjeel ennnnl soe the samplos, snd the subject is regquirod
choose one of them on the husis of tactile softness. 'The resull
of the est is reported in what is referred to as Panel Score
Unit (PSU). With nespeet i suliness testing 10 obtain the
suliness data reported hercin in PSU, a number of sofiness
pancl tests arc performed. In cuch et ten practiced softuss
Judges oro asked 10 reie the relative sofiness of three seis of
puired samples. The pairs of xamples are judged ane pair at
a time by vach jwige: one sample of cach pair being
designated X and the other Y. Bricfly, cach X sample is
pracked wgainst its paired Y sample as follows:

I. a grade of plus one is given if X is judged o may he

¥ tle sofier than Y, and a grade of minus one ix given
il Y & judged to may he a Lille softer than X:

2, 0 grude of plus two is given il X is judged 1o surely be
a little softer than Y, and a grade of minus two is given
il'Y & judged 1o surcly be a litlke sofier than X;

3. a grade of plux three is given w X if it is judyed to be
a Jot sofier than Y, and a grade of minus three i piven
il 'Y ix jutged 10 be 2 kot solier than X; and, lastly:

4. & prade of plus four is given 10 X if it is judged 1o e
a whols {ut sofler than Y, and a prade of minus 4 is
given ' Y i jwlped 10 be a whole kot softer than X.

“The prades are averaped and 1he resuliant value is in uniin
uf 'SU. 'The resulting daia nre considersd the resulis of an
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pane] text. [F mure then onc sampla pair is evaluated then all
sample pairs arc rank ondered aceording to their pradus by
paired statistical analysis. Then. the rank is shified vp or
dawn in value us required 10 give a 2:ro PSU valve i which
evor sample is chosen 1o ho the zona-base standard. The other
samples then have plus or minus values ax determined by
their relutive grades wilh nespect 16 1he ‘e base stuadard.
The number of panel tcas performwed and averaged is such
that about (1.2 PSU represents a significant difference in
subjoctively perceived sofiness.

G. Muoasurement of Strength of “[issuce Popers
DRY TENSILLE STRENGTH

The tensile strength is determined on one inch wid strips
of samnpie using a Thwing-Albert Intclect 11 Standard lensile
"Tester {Thwing=Albert Indrument Co., 10960 Dulion Ra.,
Philadelphia, Pa., 19154). This method is intended for use on
finithed paper products, reel samples, and unconverted
Klocks.

SAMPLE CONDITIONING AND PREPARATION

Privr 1o tonsile lesting, the paper samploex o be fosted
should be conditioned acconting 10 ‘Tappi Method
#1'4020M-8K. All plastic and paper hoard packaging mate-
tialk mun be carclully removed from the paper samples
prior o lesting. “The paper samples shoukd be eonditiomed for
sl lcast 2 houre at a relative humidity of 4% 10 527 and
within 1 wmperature rnge of 22° 10 24° ¢, Sampl: prepa-
ration and all aspects of’ the 1ensilc tesling should also 1ake
place within 1the confines of the constant femperature and
bumidity room.

Fur finishud product, discard any dumaged product, Next,
remave 5 sarips of four usable units (also termed sheets) and
stack ane on top 10 the other 1o form a long stak with the
perfonations between 1he sheels enincident. 1dentify sheets 1
amxl 3 for machine diroction tensile measurcmenis and shesta
2 and 4 for cross directinn tensile measurements. Nexi, cut
thruugh 1he perfomtion line using a paper cutler (JDC-1-10
or JDC-1-12 with safety shield from Thwing-Albert Instru-
mem Co., 10960 Dution Road, Philadelphia, Pa., 19154) 1o
make 4 sepanate stocks. Make sure stacks 1 and 3 ars siill
klcmifled for machine direction testing and xtacks 2 and 4
are identilied for croas direction tsdting.

Cu1 iwo 1™ wide sirips in the machine direction from
sixcks | ond 3. Cul twar 1” wide sirips in the cross direction
from Kacks 2 and 4. TTwere are now four 1* wile firips for
machiine direction tensile wexting and four 1* wide strips for
croms direction tensile tesling. For these {inished product
samples, all cight 1" wido strips are flve usable ugits (also
tormud sheois) thick

For uncomverted siock andfor reel samples, cut a 157 by
15" sample which is 8 plics thiek from a region of inlerest
of the samplc using a paper cutter (JIC-1=160 or JIDC-1-12
with safety shickt [rom Thwing-Alben Instrument Co.,
10960 Dution Ruad, Philadelphia, Pa., 19154). Make sure
one 15" cot runs paralk] to the machine dircetion whils the
other runs poruliel to the cross dircetion, Make sure The
sample is comditioned for a1 lenm 2 hours at a elative
humidity of 48 (o 52% and within o leinperature rangoe of 22°
1o 24° C. Sample preparation and all sspects of the lensile
lesting should also 1ake place within the cunfines of the
consinnl Yempuerature ankl humidily room.

From tbis preconditioned 15" by 15" sample which is B
plies thick, cul four mrips 1° by 7° with the lung 7°
dimension running paralicl 1o 1he machine direction. Note
these samples a5 machinu direction el or anconvented
stock samples. Cul an additional four srips 1° by 7° with the
long 7° dimension running paralle] 1o 1he cross direction.
Nuie these samples as cross direction ree] or uneenveried
stock samples, Make sure all previous culs ure made using
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a paper entier (JDC-1-10 ar JDC-1-12 with safoty shivld
Irom ‘Thwing-Albert Instrumont Co., 10960 Dulion Roud,
Philadelphia, Pa.. 19154). There arc now a total of eight
samples: four 1” by 7 sirips which are R plies thick with the
7" dimension running parallel 1o the machine dircetion and
four 1° by 7" strips which are & plien thick with the 7°
dimension running parallel to the croks direction.
QPERATION OF TENSILE TESTER

For the aciual messurement of the lensile strength. use a
Tinving-Alwen Intcleat Il Standard Tensik: "lester (Thwing-
Albert Instrument Co., 10960 Dutton Rd., Philadelphia, Pa.,
19154). Insert the flat face clamps into the unit and calibrate
1he tester sccorcling 1o the instractions given in the operation
manuel of the Thwing-Alben Intelect 11, Set the insirument
crosshead speed 10 4.00 in/min and the 1st and 2nd paupe
kengihs 10 2.00 inches. The break sensitivily should be et Lo
2000 grams andd the sample widih should be set to 1LOOC and
the sample thickness at (L0257,

A loud ecll is sclected such that the predicted iensile result
for the sample 10 he 1esied lics between 25% and 73% of the
range iy use. For example, a S0 gram Inad cell may be
used fur samples with a predicted tensile ramge of 1250
prams (25% of M0 grams) and 3750 grams (75% of S0
grines). The lensile lester can also he sel up in the 10% range
wilh 1he 5000 gram kiad cell such that samples with pre-
dicted tensiles of 125 prams 10 375 grams could be tested.

"Take one of the tensike ”rips and placy one end of il in nne
clamp of the tensile tester. Place the other end of the paper
KIrip in the other clamp. Make sare the loog dimension of (he
Airip is running parallel to the sides ul the tensile tester. Also

make sure the strips are not overhanging 1o Ibe oither side of

the two clsmps. In addition, the pressure ol each of the

clamps must he in full contect with the paper sample.
Aller insening the paper test strip into the two clamps, the

instrument lension can e monitored. If it shows a value of

5 grams ar miore, the sampke I8 oo Laut. Conversely, il a

perisd of 2-3 seeonds passes after slaning the st befone
any value i recurded, Ihe tensile strip is oo slack.

Start 1he 1engile tesier as deseribed in the ensile tester
insirument manuel. The (=1 is complete alier the crosshead
automatically reiueos Lo its initial starting position. Read ancd
record the tensile kad in units of grams rom 1he instrument
scale or the digital panel meter 10 the neansst unit.

If the resot condition is not performed avtomatically hy
the instrument, perform (he necessary adjusiment to set the
insirumen clamps 10 their indiial staning positions. Insen
the next paper sirip into the two clamps os described ahove
anl vbiain a tensile reading in units of grams. Oblain temsilu
reaclings from all 1he paper wst siripa. Tl ahouk! be noted that
readings should be rejected i the sirip slips or breaks in or
at the edge of the clumps while performing the 1cs.
CALCULAITONS

For 1he four machine direction 17 wide finished product
sirips, =um the four individual recorded lensile reodings.
Divide this sum hy the number of sirips lested. "This oumher
should pormally he four. Also divide the sum of recorded
tensikes by 1he number of usable units per lensile sirip. This
is pormally five for both 1-ply and 2-ply products.

Rupeat thix ealculation [or the enuss direetion nished
product strips.

For the unconverted siock or neel samples cul in the
machine direction, sum 1he four individual reeorded tensile
readings. Divide this sum by the number ol strips tested.
Thin sumber should normally be four, Also divide the sum
of recorded leasilex by the number of usabh: units per wensdle
strip. This is nurmally eight.

Repeat this caleulation [or The e direction unconvened
or rcel sample paper sirips.
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All results are in wnits of gramsfinch.

For purposes of this specilication, the icosile sirenglh
should he converted into a "specillc tolal wnsile sirength™
delined a5 the sum of 1he teasile stirength mensured in the
miachine and croas machine directions, divided by (he basix
weight, and correcied in units 1o a value in mekers,

EXAMPLES

T lullswing examplues are ollered 1o illusirale the prae-
tive of the present invention. These exumples aro intended to
aid in the deseription of 1he present invention, dat, in no way,
should he intorpreted as limiling the scope thereul, ‘The
present invention is bounded only by the appended claims,

Example 1

"This comparative Example illusirales a reference prcess
for forming & filled tiwsue paper, ool incorporating the
features of the present imvention.

"This process is illusiraled in the following stcps:

An aqueous slurry af cucalyptus fibers of shout 3% by
weighl s made up using 3 conventional repulper. Cypro
514® is added 10 1he slurry a1 2 rate of 0.02% besed on 1he
dry weight ol the Cypro 514 nolutive io the (inished dry
woight of the creped tissue paper. “The treatal sturry is then
carried through a stock pipe toward the paper machine.

Tho particnfate filler is kaolin clay, grude WW Fil
Slury®, mad: by Dry Branch Kaolin of Dry Branch, Ga. }t
is delivered as a slurry at 70% solids through 3 stock pipe
where il is mixed with an anionic llocculent, Accurae 628,
which is delivered ar a 0.3%% dispersion in waler. Accurac
62D ix conveyed at a rate equivakent Io shoul 0.5% hased on
a the amount of solid welght of the occulant and finished
dry weight of the resuliant crepd tisue procuet. The
adsorption of the Nocculant is promoted by parsing the
mixiure through on in line mixer. This forms 2 coxdition:d
slurry of liller panticles.

e conditinned slurry of filler panicles is then mixed into
the mock pipe carrying the refined cucalyptus fibers

The cucalypius tiber and paniculate filler mixiure is
divided into two separate Jows in # propartinn such that the
lw whose fule will ultimately he lo comprise the fubeic-
side surface contains ahout twice the mass as the flow whose
tate will ultimately he to comprise the opposite side surizee
“The cucalypius flows sre direcied toward the papermachine.
Each Mow sweam js then ircated with o cationic starch
RedilIOND 5320®, which is delivered ex a 19 dixpersion in
water, The flow which will ultimoiely form the fabric-xide
surface layer is trested with the starch ot a rate of (L15%
hascd on the dry weighi of starch and 1he fnished dry weight
ol 1he resulnnt creped tissue product. The low which will
vlimately form the opposiie-skle surface layer is treated
with the starch a1 & rate of 0.05%, based on the dry weight
of starch and the finished dry weight of the nesullant ereped
lissue product.

Ahsorption of tbe cationic starch is improved by passing
the resuliant mixtere through an in line mixer. The resuliam
slurrics ars thun cach diluted with white water at the inlet of
their respective fan pumps 10 a consisiency of about 02%
hased on the weight of the salid filler panticles and cuca-
lyplus fibers. Aller the fan pumps carrying the enmbination
of agglomerated Mller particles and cucalyptus lihers, ackli-
timnl Accurac G20. diluted 1 2 concentration of ghoul
ONSR solids, is added 1o cach of 1he mixiures at a rate
carrcsponding 10 about 0.013% bosed on the solids weight
of the filler and cucalypius fiber.
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A hond jnhibiting composition ix prepared by melting
Togeiber a mixiure of equal amounts of Varisofi 137® and
Polycthylen: glyenl 4000 al 8 femporature ol alwur 88° C.
The melied mixiure ix then chamged into an apilaled water-
siream at 3 lemperalure of shout 66° C. I a concentration of
afwiut 2%, tased an the Venisofl content. The hond inhibiting
composition is adkded 10 one of the eucalyptus and particu-
late Jiber sdurry (ows such thet it is ackled W the low which
will ultimately form the layer comprising the fabric-side
surface layer. An amount of the hond inhibiting composition
is ndded 1o comprise approximately 0.2% based on the
Varisofl 137 weipht compared 1o the dry weight of the
linished tisue.

An aqueous slurry of NSK of about 3% consisiercy is
mads: up using a conventional pulper and is passed through
a stk pipe toward the heacthax of the Fourdrinicr.

In order (o impart 4 emparary wel sirength i the Kaished
product, a 1'E dispersion of Parez 7500 is prepared and is
atkled 1 the NSK stack pipe at a rate sulicient o deliver
128% Parcz 750 based or the dry weight of the NSK
fiburs. ‘The sbsorplivn of the lemporary wel sirength resin is
cohanced hy passing the treated slurry 1through an in-line
mixer. To impant additional ¢dry strenpth, 1ic NSK slurry is
als then Ireated will a cationic starch, RediBOND 53208,
which is deliven:) ax a 1% dispersion in water. The starch is
usdl 21 8 rate of 0. 15% hased oa the dry weight of starch and
the tinished dry weight of the resultant creped tisue produst.
The absorption of the lempwary wel sreagth resin is
vnhanced by passing the trealed shurry through an in-line
mixer.

The NSK slurry is diluted with white water to shom 0.2%
consistency al the fan pump. Afier the fan pump. additional
Accurae 62@. dilied 10 a concentration of abom 0.05%.
solids, is added W the mixturc vt & rate conesponding o
ahout (OGS based un the soulids weight of the Bk amd the
NSK liher.

e slurries of NSK and cucalypius are directed into &
nmlti-chamwkd hesdlxox suitably eyuipped with laycring
leaver 1 maintain the sireams as separale layers until
discherge onto a traveling Fourdrinker wire. A three-
chambered headbox ix used. The combined cucalyptus and
particulate filler contoining sullicient solids Now 1o achieve
BIFE of the dry wuight of the ultimate paper is directed to
vhamhens leadiog to cach of the two outer lavers, whiks the
NSK zlurry comprising xullicient solids flow w achivve 207
of the dry weipht of the ulimate paper is directed 100 a
vhamber keading to a luyer hetween the twn cucalyplus
layers. Ths NSK and euculyplus slorries are cumhined at the
dischange of the headhox into a commsite slurry. “The Rows
tos The 1wo nuter chambers of the heacdbox are contcolied 10
causa: shout twive as much of the mass of the cucalypius
slurry 1o be direcied 10 the fabric-side surface luyer as (o the
upposite-skle surface layer.

The composiic Rlurry is discharged onto the traveling
Fourdrinier wire and is dewatered assisted by a deDector pnd
vocuum hoxes

The embryonic wet web is wransferned faom the Four-
drinicr wire, at a lir consimency of ubout 15%. at the poin
ul lransler. (o a paticrned drying fabric. ‘The drying fabric is
dusigned 1 vicld 3 pattern densilied tissue with discontinu-
ous low<lensity deflecred ancar arranged within a continu-
ous petwork of high density (knuckle) arcas. This drying
fabric is formed by caxting an impervious resin surface omo
a liker mesh supponting fubric. The supporting fabric is o
45x72 lilmnenl. threw lnyer mesh with a liber suppor index
ol 95. The thicknuss of the resin casl is about 4.5 mil. The
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knuckle arca ix ahout 35% and 1he open cells remain al a
frequency of about 78 pur square inch.

Furher de-watering is sccomplished by vacuum asisted
druinage until the web has a flber consixtency of about 28%.

Whik remaining in contact with the paliened formiog
fabric, the patteraed web is pre-dried by air hlow-theough 1o
4 fiber amsistency of about 62% hy weighl,

The semi-dry web is 1hen adhered 10 the srface of a
Yankee drycr with a sprayed creping adhesive comprising a
01.125% wcuenus solutinn nf polyvinyl aleobol. The ereping
adhesive is delivered to the Yanke: surface al a rate of 0.1
adbesive solids based an the dry weight of the weh.

“The fiber consistency is increased 10 aboul Y65 hefore the
web ix dry creped from the Yankee with a doctor blado.

The doctor blade has » hevel angle of shout 25 deprecs
and is pusitiined with respect W the Yankee dryer ki provide
an impact angle of about 81 deprecs.

‘The pervent crepo & adjusied to abuut 18% by opursling
the Yankeu dryer al about 80 fpm {{eel pur minuie) (aboul
244 muters per minute), while the dry web & lormed inlo roll
at a speed of 856 fpm (200 melers per minules).

The weh is converted inlo a three-layer, single-ply ereped
pattered densificd lissie paper product of ghout 19 b per
A0 A basis weight.

Example 2

‘This Example illustrates preparution of a tilled lissue
paper cxhibitimg one embodiment of the present invention.

An squevus shurry of cucalyplus fibers of about ¥% hy
weipht is made up using a conventional repulper. Cypro
5148 is adlded 1o the slurry at & rate of (L02% hased on the
dry wright of the Cypro 514 relative o the linished dry
weight of the creped tissue paper. The 1reated slurry ix then
carried through o siock pipe 1oward the paper machine.

‘The puniculale Jiller is kuolin clay, grude WW Fil
Slury®, made by Dry Branch Kaolin of Dry Hranch, Ga. It
in delivered as 3 slurry at 0% solids through a siock pipe
where it is mixcd with an anionic flocculunt, Accurae 62,
which in delivered as a 0.3%: dispersion in waler. Accurac
62® is conveyed at a rate cquivalent 10 sbout 0,059 based
on a the amount of solid weight of 1the Nocculant and finished
dry weight of the resuliant creped tisuc product. The
atsorption of the Doccutant is promoeted by pessing the
mixiure through an in line mixer. ‘This forms a conditioned
slurry of lilker particles.

The agglomemied sharry of lilker particles is then mixed
into the stock pipe carrving the relined cucalypus libers

The cucalymus liber and particulate fillee mixiure is
divided inte twa separate flows in a proportion such that the
low whose fate will ultimawly he 10 comprise the fabric-
side surface ermiaing aboul twice the mass ax the Mow whuse
fute will ultimawly be 10 comprise the oppusine side surface.
“The cucalypius flows arc direeted toward the papermuchine.
Lach Mow stream is then trealed with a cutionic starch
RediHOND S22, which is delivered as a 1% dispersion in
waier. The flew which will ullimaicty form the labric-sicde
rurfscu layer is incated with the starch at a rate ol (LS9
based on the dry weight of siarch and 1he finished dry weight
of the resultant creped tissue product. The flow which will
ultimately form the oppuosile-side surface layer is 1reated
with the starch at & rate of UL5% hased on the dry weight
of starch and the finisbed dry weight of 1he resultant creped
lissue producl. Absorption of the catiuniv slarch is improved
by passing the resultont mixiure through an in lioe mixer,
“The resultant slurries are then each diluted with white wuter
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an in line mixer. The resultam slurry is then diluted with
whitc water at 1he inlet of a fan pump v & comsisicncy of
uhuut (129% hased on the weight of the solid Gller porticles
and eucalypnes flbers. Aftler the fan pump carrying the
cumbination of agglomerated lller panticles and cucalyplus
{lters, additinnal Avcurac 62@, diluted to & concentration uf’
shoutl (L05% soficds, s ackled W the misore a1 & rale
corresponding i about (LM% based on the solids weight
ul’ the filler and cucalypius tiber.

The uther stock pipe carrying cucalyptus fibers i ircated
with a cutionic slarch, RediBOND 52308, which is deliv-
cred as o 1% dispersion in woler and at a rale ol 0.05% hased
on the dry weight of slarch and 1he finished dry weight of the
resullant crepud tissue pruduct. Ahsorption of the cationic
sarch is imprswed by passing the resullant mixiure through
an in line mixer. The sircam is then diluted with whine water
al the ink:t of a fan pump 1o a consistency of shaul (L2%
hased vn the waight of tln solid liller panicles and euca-
lypius fibers. Aller the fan pump camying the comhinstion of
apglomented filler panticles and cocalyplis fibers, addi-
tional Accurae 620, diluled 1o a concenimlion of aboul
(.05%. wolids, is added 10 the mixture at 8 rale comesponding,
1o ahout (LU65% hased on 1he solids weight of the eucalyptus
liber,

An aquous slurry of NSK of about 3% consisency is
made up vsing a conventional pulper and is pussed 1hrough
a slock pips toward the headbox of the Fourdrinicr.

In order to impart 2 wmporary wot sirength to the finished
prduct, o 1% dispersion of Parez 7500 is prepared and ix

udded fo the NSK sock pipe at & rate sulficient 1o delivor

1.25%. Parcz 7508 based on the dry weight of the NSK
fibers. The absarption of the tempurary wet sirength resin is
cnhunced by passing 1he treated slurry through an in-line
mixer. To impan aklitional dry sirength, 1he NSK slugry is
abw then Lreated with o cationic stiarch, RediBOND 52309,
which is delivend as » L% dixpersion in waler. The starch is
uncd 01 2 rote of .1 9% based on the dry weight of starch and
tho finished dry weight of the resulian ereped tissue prochuct.
The absorption of the fomporary wel strength resin is
cnhanced by pasiing the treated slurry through an in-line
mixer.

The NSK slurry is diluied with white water 1o alxwui 0.2%
vonsikiency ai the fan pump. Afler the fan pump, additional
Accurue 628, diled 10 # concentration of ahow DL.OSF
sulids, s added v 1he mixture at 8 rato cormesponding 1o
ahesut O013%: hsexl on The solick weigh of the iler and 1he
NSK fliber.

The three slueries (NSK, cucalyptus mixced with filler, and
vucalypius without filker) aro directed into @ multi-chanoeked
Icadhox suitably oquipped with layering leaves 0 maintain
the xtreoms as separate Jayers until discharge onto a iraveling
Pourdrinier wire. A three-chumberod headbhox is used. The
slurry of cucalyptus without paniculate filler is directed 10
tho chamber discharging closest 1o 1he forming wire gurface.
The slurry conlaining the NSK ix direcied 10 the center
chamher, and the slurry ol combined cucalypius and par-
ticulate filler e dirceted kr the outer layer chamber furthest
awpy lmm the forming wine surface. The NSK slumry
enmprising suffictent salids flow 1o achieve ahout 20 of the
dry weight of the ultimete paper. The Nlows 1o the two outer
chambers of the headbox are controlled 10 direct twice os
much of the mass of the cucalypius slurry containing par-
ticulate filler to be directwd to the fubric-side surfacs layer
compard (o the oucalypius slurry free of paniculate litlers
being directed 10 the uppusite-side sucface layer. The slurries
are combined at the discherge of the headbnx im0 a com-
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posite slury. The composite slurry is discharged onin the
traveling Founlripier wire and is dewatered ansisied hy o
defleetor and vacoum boxes.

The embryonic wet weh is iranslferred from the Four-
drinier wine. a1 a Jiber consisiency of aboun 15% ol the point
uf transfer. 16 o pattenwed drying labric. The Jeving fabric is
desipned 10 yvield 2 pattiem densilicd tissue with discontinu-
ous low-deanity dellecied arcas arrnged within a continu-
ous netwark of high density (knuckle) aneax, This drying
fabric is formed by casting an impervious resin surface onio
a fiber mesh mapporting fabric. The supponing fabric is a
45x72 filamenl, three luyer mesh with a fher support indox
of 95. The thickness of the resin cast is about 4.5 mil. The
knuckle arca is about 35% and the apen cellx remain ol o
frequency of about 78 per square inch.

Purther de-watering is sccnmplished by vacuum axsisted
drainage until the web has a fiber consisiency af shoul 2R%.

While remsining in contact with the pattera forming
fabrie, the paticraed web is pre-dricd by air hkwethrough 1o
a liber consioney of about 629 by wuight,

The semi~dry web is then adhered W the surface of a
Yankee drver with a sprayed creping adhesive compriking a
(L125% aquecus solution of polyvinyl akohol, The creping
adhusive is delivered to the Yunkee surface at a rate of (1.1%
adhesive solids based on the dry weight of the wob.

The: ither consistency i incroased (o about 6% beforo the
web in dry croped from 1the Yankoc with a ductar blade.

The doctar blade has a hevel angle of ahout 25 degrecs
and is positioned with nespeet 10 the Yankee dryer to pmvids
an impact angle of ahoul 81 deprees.

The percent crepe is adjusied (0 shout 18%. by operating
the Yankee dryer at about 80 fpm (fect per minute) (about
244 meters per minuie), while the dry web is formed into roll
al a apecd of 656 fpm (200 meters per minutues).

The waeb is convented into a three-layer, singlo-ply creped
paticmed densitied tinsue paper product of ghout 19 Ih per
3000 Mt husis weight.

Emmple |  Bounple 2 Fxampls 3
Keolia coniont & NI L L
Knolin Reication B K& 5%
(COvenll) "
Specific Tom) 0.500 04 ¢an
‘Temile Strangh
({metuin)
COpponite-Side vl [ [ B4
Surface |in
Pabric-Side Surlace 94 124 119
Lint
Lint Ratin 098 047 182
Ulimate Lin L & 9.4 - L)
Numbar
Sofiness Rolative 1] +H1 +0.2
o

What is claimed s

1. Asirong, sofl and low dusting lilled tissue paper huving
a density less thun ahout O.60 prame per cubic centimeiur
and comprising threo superpused layors, an inner layer. a
fabric-side surface outer layer, and an opposite-sile surface
ouler layer, said imer layer being Iocated hetwacen two said
outer layers, wherein each of said layors comprises paper-
making tihers and a non-cellulosic particulate Nlier, wherein
said particulate filler is selected from the group comaisting of
clay, calcium curbonale, titanium dioxide, 1ale. aluminum
silicate. calvium silicate. alumina iribydrates, activated
carbon, calcium sulfole, plass microspherus, dislomaceous
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an in line mixer. The resultant lurry is thon diluved with
while waler at the inlet of 0 fan pump 10 a consisiency of
shout (12 bascd on the weight of the solid filler particles
aund cucalvpius fibers, Afier the fan pump carrying the
vombination of apglomeruted Nller particles apd cucalypius
lihers, additinpal Accurac 629, dilulad 10 0 concentratiop of
abowt (0LU5% solids, is ackled o the mixture 3 & rate
evrresponding 1o about 0L013% based nn the snlids weight
of the Niler ax! eucalypius fiber.

The other stock pipe carrying cucalyplus fiberm is treated
with a cativnic starch, RediBOND 52308, which is deliv-
ered % a 19 dispersion in waler and at a rale of 0,05% based
un the dry weight of sizrch and the nished dry weight of the
resultant creped tissuc procluct. Ahsnrption of the cationic
starch is improved by passing the resultant mixiure through
an in line mixer. The stream is ihen diluted with white water
ul the inlel of o fan pump 10 2 eonsisiency of about 1.2%
basied un the weight ul the solid filler panicles and euca-
lyptus fibers. Aller the fan puinp camrying the combination of
opplomerated filler panicles and cucalyptus ilbers. addi-
tional Accurae 620, diluted 1v o cuncentaalion of uboul
(L.05% solidy, i added to the mixwre at a rate cormesponding
1o abaut 0,065% hased on ke solids weight of the eucalypius
liber.

An aqueous surry of NSK of ahbout 3% consistency is *

made up using a convemtional pulper and is passed through
a slock pipe 1oward the headbox of the Fourdrinier.

In ander 10 impar a wmporory wet strength (o the fnished
prodict, a 1'% dispersion of Parez 7508 is prepared and is
oclduel 10 the NSK stock pipe a1 o e sufficient 10 delivor
1.25% Purcz 7508 haxcd op the dry weight of the NSK
fibera. The ubsorption of the temporury wot streogih resin is
enhanced by passing 1he ireated slurry through an in-lino
mixer. ‘T impart additional dry strength, the NSK slurry is
also then trealed with a cativnic starch, RediBOND 52308,
which is dolivered as a 1% dispersion in wator. The starch ix
usd al a rate of 0,19 hased on the dry weight of starch and
the finished dry weight of the resultant ereped tisue prochuct,
The ahsorption of the wmporary wet srength resin is
cohenced hy passing the treated slurry through an in-line
mixer.

The NSK slurry i diluted with while waler to ahout (0.2%
coasitency at the fan pump. After the Fan pump, additional
Accurae 620, diluted 1o & concentration of aboul 0.05%,
salids, is added 1o the mixture a1 a rate corresponding 1o
ahout D.N13%. hased on the solids weight of the filler and the
NSK liber.

The three slurrics (NSK, cucalypius mixed with fifler, and
cucalyplus without liller) are dirccted into a multi-channeked
ladbox suitably vquipped with layering leaves to maintain
the streams as separate Inyers uniit dischiarge onio a raveling
Vourdrinivr wire, A three-chambered headbox is used. The
slurry of cucalypius withoul particulate llller is directed 1o
the chamber dischanging closest in the forming wire surface,
‘The slumry contrining the NSK is directed 0 the center
¢hamhor, and 1he slurry of combined eucalyptus ead par-
tiewlae filler is dlinceteed 1o the auter layer chamber furthest
away from Lhe forming wire surfacu. The NSK Rlury
camprising sullicient solids tlow 10 achieve obout 20% of the
dry weight of the ultimate paper. The flows to the 1wo outer
chambers of the headbax are controlled 10 dircel twice as
much of the mass of the cucalyplus slurry containing par-
ticulate flller 10 be dinscted to the fabric-side surface layer
compared (o the cucalypius sluery free of purticnlate fitlers
heing direcied to the oppasite-side surface layer. The slurries
ure cumbined at the discharge of the headbox inlo a com-
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ite slurry. The cnmposile slurry is discharged anio the
:::rluling ;gurdrinicr wire and s dewatened asvistixl by a
deflecior and vacvum bhoxes,

The embryonic wel weh is tmnsferred from the Four-
drinier wire, at a fiher consistency of sbout 15% al the point
ol transfer, 10 o pattenied drying labrie. The drying labric is
designed 1o vicld a patiern densified tissue with discontion-
ous low-density cellected urcas neranged within a continu-
ous network of high density (knuckic) arcas. This drying
febric is Iormed by casting an impervious cesin surface onin
a Hber mosh supporting tohric. "The supporting fabric i a
#45x72 filamen, three tayer mesh with a tiber support indux
of 95. The thickness of the nin cast is ahout 4.5 mil. The
knuckle arca ix about 35% and the open cells remain al a
frequency of about 78 per square inch.

Further de-watering is accomplished by vacuum assisted
drainape until the web has o liber consistency of abuut 28%..

While remaining in contact with the paticmed Forming
fabric, the patiered web ix pre-dricd by air blow-thnmgh 1o
a fiber consistency ul about 62% by weight,

The semi-dry web is then adhered 10 the surface of &
Yankee dryer with a sprayed creping adhesive comprising a
0.125% aqueous solution of polyvinyl aleohol. The creping
adhesive i% delivered 1o the Yankee surface at a rate of 0.1%
adhesive solids based on the dry weight of the web,

The fiber consistency is increased 10 shout 96% helore the
web is dry creped from 1he Yankee with a doctor blade.

‘Ihe docior blade has a bewel anple of ubout 25 degnees
and is posilioned with raspect 10 the Yankee dryer to provide
un impact angie of ahout BI depreds.

The percent crepe is adjusted to abomt 1B% by aperating
the Yankes dryer at about 800 (pm (feet per minuwe) (aboul
244 moters per minute), while the dry web i farmed imo rull
al a npeed of 656 fpm (200 meters per minutes),

The web is converted into a three-layur, singlo-ply creped
paticmed densificd lissue paper product of ahout 19 Ib per
3000 N> basis weight.

ODxample |  Foample 2 Manmple 3

Kuolin contom ™ NI H1'% LA
Knolin Rowendion a8 a5 93
{Ovenll)
Specifie Tom] 0500 LE L) (1) )]
Ternile Sirength
{meter)

Nide PR ab [N
Surface Linl
Fabric-Side Sorfac: 04 1oy 19
1dnt
Lint Ratia (1] a7 ns:
Ultimate Lix 93 9.4 a°
Nuber
Soflness Redative 00 .2 +#2
=or

What ix claimed is:

1. Astrong. saft and low dusting filled tissue paper having
2 density e than abuul (.60 granm per cubic coatimeter
and comprising three suporposed layers, an inoer layer, 2
[abric-sicks surface outer layer, and an opposite-nide surface
uter layer, said inner layer being locutetd hetween 1wa said
outer layers, wherein each of said layers comprises paper-
making flbers and a non-cellulosic purticulate Niler, wherein
said particulate liller is selected from the group consisting of
tlay, caleium carbonate, titlanium dioxide, 12le, aliminum
silicate, calcium silicate, alumina trihydrawe, aclivated
carbon, calcium sulfate, plass micraspheres, diatomaceous
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carth, snd mixtures thercof and morc than aboul anc half of
xuid particulaie lller is Incated in at least one of suid poter
layurs, said onter layers further comprising hardwood libers
having an average length less 1han 2bout 1.0 mm and one or
mwre retention aids, saicl retention aids being selected from
the group vonsikting of cationic slarches, cationic flucculant
polymors, anionic flocculent polymers, nnd mixiures
thereol, said tisue paper having controfled bonding in a1
least one of said outer layers so as to provide hiased surface
honding propertics guch that the lint ratio is lesx thon about
Nn.s.

2. The tilled tisswe paper of claim 1 whorein said tissuc
poper has a hasis weight between about 10 g/m® and about
50 w/m* and a density between about (.03 g/em® and ahout
0.6 ghom?,

3, The fitled teeaic paper of claim 2 wherein said tissuc
pupcr hax & hasis wuipht betwesn abuut 10 g/m® and sbout
M g/m® and a density hetwoen 005 p/em® and 0.2 ghem®.

4. The filked tisaue puper of cleim 3 wherein saikd particu-
late liller cumprises fovm about 5% 10 aboul 0% by weight
ol said tisue paper.

5. The tissuc paper of claim 3 whercin said papermaking
fibers comprize a blend wl hardwood fihers and softwood
libers, midl hardwad fibers comprising, a1 keast about 50
and said xoltwoed libers comprising at least about 1(#% of
said papermaking fibers.

6. The tissm: paper of claim 8 wherein ssid inner layer
cumprises sofiwood libors having an average length greater
than ut Jeast shout 2.0 mm.

7. 'The tissue paper of claim 6 wherein the said fabric-side
surfoce suler layer containx from abnut 505 10 abaut 100%
greater mass than said oppusite-side surface outer layer.
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8. ‘Ihe timaie paper of claim 7 wherein the said fine
particulate Dller ix locatesd predominantly in the Fabric-side
surface nuter layer.

9. The tissue paper of claim 8 whercin the soliwood hers
comprise northem sofiwood Kraft libers and the hardwond
fibcrs comprise cucalyptus Kraft Iihens.

1. The tissue paper of claim 9 wherein sakl panticulale
filler is kaolin clay.

11. ‘The tissue paper of claim 1 wherein said lint ratio is
less Than about (LG,

12. The tissue paper of claim 11 whenein a bond inhibiting
agent is added to the fobric-side surface laver.

13, The tisue paper of claim 12 wherein said bond
inhibiling agent is dithydrogenated)tallow dimethyl ammo-
nium methyl sulfate.

14, The tissue paper of claim 13 whercin 1he said fabric-
side: surface outer layer contains from sboul SO% 1o about
100% greator mass than said oppesite-sido surface ouwr
layer.

18. The tissue papor of claim 14 whervin said particulate
tilter is kaolin clay.

16. The tissue paper of claim LS whervin xaid iimoe paper
is paticm densified paper such that zones of relatively high
density are dispersed within & high bulk licld.

17. 'The Lissue paper of claim 16 whercin sakl #ones of
relatively high density are continuous and the high bulk ficld
is discrete.

I8. The lissue paper of claim 17 whercin said discrele
high bulk licld constituics hees than aboul 150 discrete
regions per square inch of anca of said lissue paper.
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
RADICACION: 0-89078 EDICTO No. 2828

LA SECRETARIA GENERAL AD-HOC
HACE SABER:

Que egta Superintendencia profirid Resolucién No. 1888 de 31-ENE-2008. Que el contankic de la parte resolutiva ss como sigue: El
Superintendents de Industria y Comendio.

RESUELVE

ARTICULO PRIMERD: Negar ef priviegio de petante de invencidn para la solicitud
cormeapondianta a "PRODUCTOS TISU SANITARIOS CON CAPACIDAD MEJORADA DE
ELIMINACION EN EL INODDORO". '

ARTICULO BEGUNDO: Nofificar personalmente el contenkia da la prosante resolucion
al doctor Remiro Castro Dugue, o a quien haga sus veces, en su cafidad de apoderado de
Kimbexiy-Clark Woridwide, Inc., entregiindole copla de la misma, advirtiéndole Gue contra

sla proceds el recurso de reposicion interpuasto ane sl Suparintendsnte de Industria y
Comargio, &l momento de la nafificacion o dentro de lba sdlulﬂndgmnpldn.

NOTIFIQUESE Y.CUMPLABE .
Dads en Bogotd, D.C. aks 31 ENE. 2008

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

regente EDICTO en lugar visible al pdblico en la SUPERINTENDENCIA#0E INDUSTRIA Y
blles contados a partir de las 8:30 a.m. de hoy.

edicio se desfija hoy 08-MAR-2000 a las cinco (6:00 p.h.)

Para nofificar a los Interesados, sa fia el
COMERCIO, por el tdrmino de (10) diez dia

Secrateria General Ad-Hoc 21-FEB-20
Secrataria Ganeral Ad-Hoc
EDICTO No. 2028




