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SOFT FI LLED TI SSUE PAPER W TH BI ASED SURFACE PROPERTI ES

TECHNI CAL FI ELD This invention relates, in general, to creped

ti ssue paper products and processes. Mre specifically, it relates to
creped tissuwqepessdpr oducts made from cel |l ul ose pul ps and REEASIEIB osi ¢
wat er insoluble particulate fillers. 1 BACKGROUND COF
THE | NVENTI ON Sanitary paper tissue products are wi dely used. Such
items are commercially offered in formats tailored for a variety of uses
such as facial tissues, toilet tissues and absorbent towels. The fornmats,

| .e. basis weight, thickness, strength, sheet size, dispensing nedium etc.
of these products often differ widely, but they are |linked by the comon
process by which the orlglnate the SO called cre-ed -aperqaklno process.
Creping is a neaddrbfiLiEthilaotin b VELH BIASER SURFALE PH =
direction. The result is an increase in basis melght (mass per unit area)
as well as dramatic changes in many physical properties, particularly
when neasured in the machine direction. Creping is generally

TECHNICAL FIELD

This invention relates, in general, to creped tissue paper products and
processes. More specifically, it relates to creped tissue paper products
made from cellulose pulps and non-cellulosic water insoluble particulate
fillers.

B R F THE | TION

Sanitary paper tissue products are widely used. Such items are
commercially offered in formats tailored for a variety of uses such as facial
tissues, toilet tissues and absorbent towels. The formats, i.e. basis weight,
thickness, strength, sheet size, dispensing medium, etc. of these products
often differ widely, but they are linked by the common process by which
they originate, the so-called creped papermaking process.

Creping is a means of mechanically compacting paper in the machine
direction. The resuit is an increase in basis weight (mass per unit area) as
well as dramatic changes in many physical properties, particularly

when measured in the machine direction. Creping is generally
accomplished with a flexible blade, a so-called doctor blade, against a
Yankee dryer in an on machine operation.
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Yankee dryer i$, ?4 | arge di aneter, generally 8-20 foot drupctiisséndséo

desi gned towlS’e"ﬂ ¥surized with steamto provide a hot surface for

conpl eting the drying of papernmaki ng webs at the end of the papernaking
process. The paper web which is first forn8d on a foraninous form ng
carrier, such as a Fourdrinier wire, where it is freed of the copious water
needed to disperse the fibrous slurry is generally transferred to a felt or
fabric in a so-called press section where de-watering i s continued either
by - mechani cal | yAXankgedryief -smlaména"eﬁ*ewes'sf?é‘&-ﬂ@rh&éd%ﬂt'éwh'ﬁg is

met ho]g dsgcaleaagné&wuﬁ lprassiirizgd Witth steaim @ providé artotisunfacefobei ng f
transferred in . - dr t or
the drying to BQIRSIetlng&ﬁg{Heryglgy of:ﬁ)é'bﬁgrﬁ\{aﬁf.?lg ‘%ﬁ%p\glgﬁ%l%@&gf glf[‘)eehg?i"s,sue aper
products are fpfocrss. ThgiRapesyveb whichischirst irapd-en aderaminoys farmiBaer al | y

conflicting segarfibr,UtH 82 Fourdrinionwire] eheré\itik drseidnef thectopicus waterssi on,

I .e. softness whi ak. .1 h. , j i | t d a
resistance to ??#q%n'é’ élﬁégr(éﬁztﬁ?ﬁ‘bprous.yum igadéngtp)q‘ l? ntgés’g??@&‘?_ﬁg%'c‘ﬁ} |l e
sensat i on per ctabricdnin/se-galled peasseaectian yherg de-watsgingds contipued eithgr by
product, rubs jdechR&hiealy Bbmpaeting the papér 6f byBbfe dthertiéWatering nhathbber

hand. This tactil.e Lon. i ' ' : ]

physi cal pr ope?lfqr}eg.gﬁgi’gtg.bf&f’ h‘? %@;ﬂoﬁ%&sﬁ\é&ﬁe %{?@g:ﬁ?gﬂrd}ﬂra g%fé*?‘t%?@éqb& at ed
to sof t nessemisdrycerndition te ghe stepee| of jhe NGQEB%K‘FI‘PB vingted®Hrt to be
the stiffness completed.ne paper web from which the product is nade.

Stiffness, in turn, is usual |y considered to be directly dependent on

the strength of the web. .
The various creped tissue paper products are further linked by

common consumer demand for a generally conflicting set of physical
properties: A pleasing tactile impression, i.e. softness while, at the same
time having a high strength and a resistance to linting and dusting.

Softness is the tactile sensation perceived by the consumer as he/she
holds a particular product, rubs it across his/her skin, or crumples it within
hisfher hand. This tactile sensation is provided by a combination of several
physical properties. One of the most important physical properties related to
softness is generally considered by those skilled in the art to be the stiffness
of the paper web from which the product is made. Stiffness, in turn, is
usually considered to be directly dependent on the strength of the web.

Strength is the ability of the product, and its constituent webs, to
maintain physical integrity and to resist tearing, bursting, and shredding
under use conditions.

Linting and dusting refers to the tendency of a web to release
unbound or loosely bound fibers or particulate fillers during handling or use.

Creped tissue papers are generally comprised essentially of
papermaking fibers. Smali amounts of chemical functional agents such as
wet strength or dry strength binders, retention aids, surfactants, size,
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softeners, crepe facilitating conpositions are frequently included but
these are typi | ' N maki.ng. f | ber.s
most frequent | gﬁlgg%"f ?h*st'igﬁﬁ %ﬁ%ﬁ&?@?@%ﬁ’éﬁé?gﬁféﬁ? 87 FeHEAoinalBy
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reduce consu json of forest products such as virgin chem cal wood pul ps
in products such as sanitary tissues. One way to extend a given supply of
wood pul p without sacrjfici H:PF%roduct mass . Is to regql’ace virgin chem cal

pul p fibers with high ¢ ¥YYS s SUPRIYOfNAILE! FERORICAS COMBS Updehincreasinehi cal
pul ps or to usecenamicsanchenvirenmentabserutioyyplessurelis mountimy © seduce
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minimize this, fi tﬁ? the velvety feel which is imparted by prime fibers

selected because of their flaccidness. In the case of the mechanical or

chemi-mechanical liberated fiber, high coarseness is due to the retention of

the non-cellulosic components of the original wood substance, such

components including lignin and so-called hemicelluloses. This makes each

fiber weigh more without increasing its length. Recycled paper can also

tend to have a high mechanical pulp content, but, even when all due care is

exercised in selecting the wastepaper grade to minimize this, a high

coarseness still often occurs. This is thought to be due to the impure

mixture of fiber morphologies which naturally occurs when paper from many

sources is blended to make a recycled pulp. For example, a certain

wastepaper might be selected because it is primarily North American

hardwood in nature; however, one will often find extensive contamination

from coarser softwood fibers, even of the most deleterious species such as

variations of Southern U.S. pine. U.S. Patent 4,300,981, Carstens, issued

November 17, 1981, and incorporated herein by reference, explains the

textural and surface qualities which are imparted by prime fibers. U.S.

Patent 5,228,954, Vinson, issued July 20, 1993, and U.S. Patent

5,405,499, Vinson, to issue April 11, 1995, both incorporated herein by

reference, disclose methods for upgrading such fiber sources so that they

have less deleterious effects, but still the level of replacement is limited and
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whi ch have pr awtngg’it from being practiced up to now. One

maj or restriction 1s the retention of the filling agent during the

paper maki ng process. Anpng paper products, sanitary tissues are at an

extreme of | ow basPRe faigmiestrigtionigthe ramangien ofrthg fillingsegentalyring the | s
wound on ? {ep%pe‘rmaking provess. among paper products, lsgnitadytisshestard at ehglﬂaggd
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machine is actually lower than the finished dry basis weight by from about

-10% to about 20%. To compound the difficulties in retention caused by the

low basis weight, tissue webs occupy an extreme of low density, often

having an apparent density as wound on the reel of only about 0.1 glcm3 or

less. While it is recognized that some of this loft is introduced at the

creping blade, those skilled in the art will recogniie that tissue webs are

generally formed from relatively free stock which means that the fibers of

which they are comprised are not rendered flaccid from beating. Tissue

machines are required to aperate at very high speeds to be practical; thus

free stock is needed to prevent excessive forming pressures and drying load.

The relatively stiff fibers comprising the free stock retain their ability to prop

open the embryonic web as it is forming. Those skilled in the art will at

once recognize that such light weight, low density structures do not afford

any significant opportunity to filter fine particulates as the web is forming.

Filler particles not substantively affixed to fiber surfaces will be torn away

by the torrent of the high speed approach flow systems, huried into the

liquid phase, and driven through the embryonic web into the water drained

from the forming web. Only with repeated recycling of the water used to
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| eft uncorrected, severely limts products which are already quite weak.
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The del et eri ouRYQIFhe pfablemsihy piipging Aess felts 0rby trapsiartag HoEN fram ke
hygi ene probl epmessseption to tige Yankse tHeydrs or by transferring poorly fromthe
press section to the Yankee dryer. Finally, tissue products

containing fillers mag0 RY6e brodddis cahtamag fillers &eSprohe18lIinR ¥ usECcause

the fillers thensel ve§ C@n@?éﬁgoohl é,“t r aﬁ_’pe W t hi n t he 'vveb, th al.so

because they havé 't R8t 9Py ¢ She dillgtthemsgivgsgan be poorly trapped within
the web, but also because they have the aforementioned band inhibiting
effect which causes a localized weakening of fiber anchoring into the
structure. This tendency can cause operational difficulties in the creped
papermaking processes and in subsequent converting operations, because of
excessive dust created when the paper is handled. Another consideration is
that the users of the sanitary tissue products made from the filled tissue
demand that they be relatively free of lint and dust. Attempts to overcome
this tendency to lint or dust by using chemical binders or mechanical refining
invariably cause the tissue product to become harsh.

Consequently, the use of fillers in papers made on Yankee machines
has been severely limited. United States Patent 2,216,143, issued to Thiele
on October 1, 1940, and incorporated' herein by reference discusses the
limitations of fillers on Yankee machines and discloses a method of
incorporation which overcomes those limitations. Unfortunately, the method
requires a cumbersome unit operation to coat a layer of adhesively bound
particles onto the felt side of the sheet while it is in contact with the Yankee
dryer. This operation is not practical for modern high speed Yankee
machines and, those skilled in the art will recognize that the Thiele method



effect which causes a |ocalized weakening of fiber anchoring into the
structure. This tendency can cause operational difficulties in the creped
paper maki ng processes and i n subsequent converting operations, because of
excessi ve dust created when the paper is handl ed. Another consideration is
that the ugﬁ?ﬁ1 Jhe sanitary tissue products made from porussshmd tissue
demand t hat ey %e relatively free of lint and dust. Attenpts to overcone
this tendency to lint or dust by using chem cal binders or nechani cal
refining i nvari ably cause the tissue product to becone harsh.
Consequently, the use of fillers in papers made on Yankee nmachi nes has
been severely limted. United States Patent 2,216,143, issued to Thiele

on Cctober 1, 1 nd i ncor ed_her reference di, Ses t he

Tt ot s ¥ORR Hrafie A eRARDERhEE AR Gled ey Rrbhadt “a Bt

i ncor por at i orpankt'cls dyuingwshed roos ecoated tdawmngperorﬂseenmmw ;he t he met hod -
requires a Cuiiphbas aéﬁ&éd moeroehb@rihérﬁ reah “ﬁl!é&fﬁéué’baﬁél'h%bMS'vthEﬁ’U”d
partlclesoné“%ttilﬁ eltstﬁ ﬁ( ﬁit%&% e Lt is.1h contact, wwth the
Yankee drydIPS WRiPAiGIIAtE Mafrer addg ?) & {1PRLS Priqs o fhait assemply DR ay
Yankee  nachveleshiledy "coated tissiue ipaget”risidne whichviids thecprstjculate matter t he

Thi el e met hogdded after th¥Wély had $3én essentially assembled. As a result of this
PCT/ US96/ 1630

ul d
produce a coégfeﬁepﬁ?hgrﬂuﬁéﬁsr’? PRREF Pfadugt cpp bg Aescriked Pr"lq telptiv \éue
paper" is di dightweigbhdow density-ceeped tissue rnappapmda ors8 dfankeé Imaching he

met hods pr actysigd cbﬁtélﬁ@@uﬁifér (diersdd fhro@z hdut! thﬁ(ihfdkﬁébﬁaopﬂpférast bfie ONne

whi ch h h
ool y o SNBr g it Taver Hasud heBer. o hhuiabGut e bRu iiine8s o8.8: | ne

particul at e singledayered tissue paper. t Tie tarm Ndispérsed thraghput] mgaas thatbl ed. As
a result of féasém.arw aif g&ﬁraras .0fh I;aﬂdcﬁrirtrafe?lm aomr&rtiﬁMrguueeeom.n

descri bed as relative | ow. dens cre t1.ssue paper
Tede on e vadetBadlciesplt. wansRincalY Sor ngt TN anet see BRaIaR ouchaut t he
t hi ckness of necessasily beruniforireipcthatjayar.min fact| ageainta(b@magn;man ber

t hr oughout tfaaneriraté&b *Hcmméa%ff&renc&lmmerémrﬁétfohmfwwnoﬂ he
term "di sper essentially all portions of a

d, thro
particul ar 35'&#"3?3 o ??'HF'ec!la‘f‘ﬁ's‘éJbssH?bduct contain filler particles,

but, it specrfrcally does not inply that such dispersion necessarily be
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achi evi ng a disshepapeecomprisinged fing patticulstel flller ashich foverdames te
aforementioned limitations of the prior art. The tissue paper of the present
invention is soft, contains a retentive filler, has a high level of tensile
strength, and is low in dust.

This and other objects are obtained using the present invention as will
be taught in the following disclosure.

SUMMARY OF THE INVENTION

The invention is a strong, soft filled tissue paper, low in lint and dust,
and having biased surface bonding characteristics. The filled tissue paper
with biased surface bonding comprises papermaking fibers and a non-
cellulosic particulate filler, said filler preferably comprising from about 5%
to about 50% by weight of said tissue. The surface properties of the tissue
product are biased to a degree that the lint ratio is at least about 1.2, and
more preferably at least about 1.4. Unexpected combinations of softness,



thickness in a filled | ayer of tissue. Therefore, it is the

obj ect of the present invention to provide for a ti ssue paper conprising
a fine particulate filler which overcones the af orenentioned limtations
of the prior art. The tissue paper of the present i nvention is soft,
contains a rewonmrAmMe4filler, has a high level of tensile BCTUBW1E00and is
| ow i n dust. This and ot her objects are obtained using the
present invention as wll be taught in the follow ng disclosure.

SUMVARY OF THE | NVENTI ON The invention is a strong, soft filled
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fillers. and, norei prefasably e betwearmbbolit't0 g/melendf abdut B0 gane lpages of
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pref erably, bet ween about 0.05 g/nB and 0.2 g/ nB. The preferred

enbodi nent further doepeirstedembedimentidurtheecemprises papermiaking betsafd
sof t wood types bytrhardwabd lafdSotsod typie¥ Whedeltfat least about 50% of the

papermaking fibers are hardwood and at least about 10% are softwood.
The hardwood and softwood fibers are most preferably isolated by providing
separate layers wherein the fraction of softwood fibers relative to hardwood
fibers differ by different layers. Preferably, the tissue comprises an inner
layer and two outer layers wherein the inner layer fiber content is
predominantly softwood and the outer layer fiber content is predominately
hardwood.

The preferred tissue paper of the present invention is pattern densified
such that zones of relatively high density are dispersed within a high bulk
field, including pattern densified tissue wherein zones of relatively high
density are continuous and the high bulk field is discrete. Most preferably,
the tissue paper is through air dried.

The invention provides for a creped tissue paper comprising
papermaking fibers and a particulate filler. In its preferred embodiment, the
particulate filler is selected from the group consisting of clay, calcium
carbonate, titanium dioxide, talc, aluminum silicate, calcium silicate, alumina
trihydrate, activated carbon, pearl starch, calcium sulfate, glass
microspheres, diatomaceous earth, and mixtures thereof. When selecting a
filler from the above group several factors need to be evaluated. These
include cost, availability, ease of retaining into the tissue paper, color,
scattering potential, refractive index, and chemical compatibility with the
selected papermaking environment.



paper maki ng fi bers are hardwood and at | east about 10% are softwood. The
har dwood and softwood fibers are nost preferably isolated by providing
separate |l ayers wherein the fraction of softwood fibers relative to

har dwood fibers differ by different |ayers. Preferably, the tissue

conpri ses arlybp,gﬁr““ | ayer and two outer |ayers wherein thecipsRhisionyer

fi ber content™i predom nantly softwood and the outer |ayer fiber content
i s predom nately har dwood. The preferred tissue paper of the
present invention is pattern densified sdch that zones of relatively high
density are dispersed within a high bul k field, including pattern
densified tissue wherein zones of relatively high density are continuous
and the high bulk field is discrete. Mst preferably, the tissue paper is
through air dried. A particularlyispitebledilier inkanlinclags '\X@ﬂ preterablytheisosue
pap]f:r Cogpr in;i g_ﬂled ?Wl?ﬁﬂ@léid?ﬂnsxhbﬁlﬁéatéﬂ?p?n muc_hbmublﬁt,eisf preférted ?ﬁ its
preferred enbodi nen articul e ed.f. e group
consi sting of E?%??Stggltgﬁﬂﬁ]@c’@% va}'éﬁ gfe tqr%haé;ﬁidﬁér‘f‘%%gg%&e%@'éﬁﬁ' al um num
silicate, calciumsilicate, alumina trihydrate, activated carbon, pearl
starch, cal ci um sul The prefgrrad embediment ghihe presgphinysatied g5rieys A Pordd

m xtures ther ephibilihg ageat.cPrafegred bonti inhibitidg agerits eonipsise the avgll keovenal
factors need ! gaGidi@rhnbRinodiBAPEans dMH S¥lnaRMdirRiBAMdritn cHidiide, Of
retaining into | I SSuU aper, color, scattering potential, refractive
i ndex, and cheﬁﬁt@!ﬂw@mﬁiﬁvgmmﬁ”ﬂ'&ﬂwm\f’I?é"fates&'@é'f’g‘lﬂeﬂéfﬁé’r’ ffaligw glimethyl
envi ronnment. ammoniumViéhliOridd; MRtA di{hydrogenated} tallow dimethy! ammonium

PCT/ US96/ 16300meth | sulfate being particularly preferred, !n its most r% rred form, the
particularly sul WAL € fal?_Per g8 rl%aollal b cFay.. Most pr efsePa Fy_ ?he_s’o

cal | ed "hydr ouBresenkinvention ereploys the bandinhibdng paent preferentiaiy biaseds s
contrasted to {dwarldoe Yankdu-sie auefates t her processed by cal ci ni ng.

The preferred enbodi nent of the present invention enploys a bond
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ammoni um chl or delaminatidn tiegtmeantsgasnthis thndsztiol reduce tie melanparticlesize. It is
common to refer to the mean particle size in terms of equivalent spherical
diameter. An average equivalent spherical diameter greater than about 0.2
micron, more preferably greater than about 0.5 micron is preferred in the
practice of the present invention. Most preferably, an equivalent spherical

diameter greater than about 1.0 micron is preferred.

A

All percentages, ratios and proportions herein are by weight unless
otherwise specified.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation illustrating a creped
papermaking process of the present invention for producing a strong, soft,
and Jow lint creped tissue paper comprising papermaking fibers and
particulate fillers.

Figure 2 is a schematic representation illustrating the steps for
preparing the aqueous papermaking furnish for the creped papermaking



met hyl sulfate being particularly preferred. Inits nost preferred form

t he present invention enploys the bond inhibiting agent preferentially
bi ased toward the Yankee-side surface. The nor phol ogy of
kaolin is naturally platy or blocky, but it is preferable to use clays
whi ch have neo #me4subj ect ed t o mechani cal del am nat i orPGTEABM s as
this tends to reduce the nean particle size. It is common to refer to
the mean particle size in terns of equival egt spherical di aneter. An
aver age equi val ent spherical dianeter greater than about 0.2 m cron,

nore preferably greater than about 0.5 mcron is preferred in the

practice of the present invention. Nbst preferably, an equival ent spheri cal
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While this specification concludes with claims particularly pointing out
and distinctly claiming the subject matter regarded as the invention, it is
believed that the invention can be better understood from a reading of the
following detailed description and of the appended examples.

As used herein, the term "comprising” means that the various
components, ingredients, or steps, can be conjointly employed in practicing
the present invention. Accordingly, the term "comprising” encompasses the
more restrictive terms "consisting essentially of® and "consisting of.”

As used herein, the term "predominantly®™ means more than one-half
by weight.

As used herein, the term "water soluble” refers to materiais that are
soluble in water to at least 3%, by weight, at 25 °C.

As used herein, the terms "tissue paper web, paper web, web, paper
sheet and paper product” all refer to sheets of paper made by a process
comprising the steps of forming an aqueous papermaking furnish, depositing
this furnish on a foraminous surface, such as a Fourdrinier wire, and

_removing the water from the furnish as by gravity or vacuum-assisted
drainage, with or without pressing, and by evaporation, comprising the final



Figure 4 is a cross-sectional viewillustrating a three-layered single-ply
creped tissue paper according to the present invention.
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I nvention can be better understood froma reading of the fol |l ow ng
detail ed description and of the appended exanpl es. As used
herein, the term"conprising" means that tH various conponent s,
ingredients, or steps, can be conjointly enployed in practicing t he

present invention. Accordingly, the term"conprising" enconpasses the
nore restrictive terns "consisting essentially of" and "consisting of."
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that layer. In fact, certain advantages can be anticipated by achieving a

difference in filler concentration as a function of thickness in a filled layer of

tissue.

The terms "multi-layered tissue paper web, multi-layered paper web,
multi-layered web, multi-layered paper sheet and muilti-layered paper
product™ are all used interchangeably in the art to refer to sheets of paper
prepared from two or more layers of aqueous paper making furnish which
are preferably comprised of different fiber types, the fibers typically being
relatively long softwood and relatively short hardwood fibers as used in -
tissue paper making. The layers are preferably formed from the deposition of
separate streams of dilute fiber slurries upon one or more endless
foraminous surfaces. If the individual layers are initially formed on separate
foraminous surfaces, the layers can be subsequently combined when wet to
form a multi-layered tissue paper web.

As used herein, the term “single-ply tissue product” means that it is
comprised of one ply of creped tissue; the ply can be substantially
homogeneous in nature or it can be a multi-layered tissue paper web. As
used herein, the term “multi-ply tissue product” means that it is comprised
of more than one ply of creped tissue. The plies of a multi-ply tissue product
can be substantially homogeneous in nature or they can be multi-layered
tissue paper webs.



As used herein, the term"filled tissue paper" means a paper product
that can be described as a relatively |ightweight, |ow density creped

ti ssue paper made on a Yankee machi ne which contains a filler dispersed
t hroughout the thickness of at |east one layer of a nulti-layer tissue
paper . Thewo errmdadi sper sed t hroughout” means that essent PEISI6A6300
portions of a particular layer of a filled tissue product contain filler
particles, but, it specifically does not #nply t hat such di spersion
necessarily be uniformin that layer. In fact, certain advantages can be
antici pated by achieving a difference in filler concentration as a
function of thickness in a filled | ayer of tissue. The terns
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wi th the additivaes apd paneage disclaimpd! Wood pelnsoesafukherein include chemical
pulps such as sulfite and sulfate {(sometimes called Kraft) pulps as well as
mechanical pulps including for example, ground wood, ThermoMechanical
Pulp (TMP) and Chemi-ThermoMechanica! Pulp (CTMP). Pulps derived from

both deciduous and coniferous trees can be used.

Both hardwood pulps and softwood pulps as well as combinations of
the two may be employed as papermaking fibers for the tissue paper of the
present invention. The term "hardwood pulps® as used herein refers to
fibrous pulp derived from the woody substance of deciduous trees
(angiosperms), whereas "softwood pulps® are fibrous pulps derived from the
woody substance of coniferous trees {gymnosperms). Blends of hardwood
Kraft pulps, especially eucalyptus, and northern softwood Kraft (NSK) pulps
are particularly suitable for making the tissue webs of the present invention.
A preferred embodiment of the present invention comprises layered tissue
webs wherein, most preferably, hardwood pulps such as eucalyptus are
used for outer layer{s) and wherein northern softwood Kraft pulps are used
for the inner layer(s). Also applicable to the present invention are fibers



retention of the particulate filler and any other functional properties by
optionally including nodifying chem cals as described hereinafter. Sone
typi cal conponents of the papermaking furnish are described in the

foll owi ng section. | ngredi ents of the Papernaking
Furni sh e Papermaki ng Fi bers It is agiieclpat t hat
wood pul p iﬁ”gfpr?§£ varieties wll normally conpri se tﬁéhgg%ﬁfﬁaking
fibers used in this invention. However, other cel lul ose fibrous pul ps,
such as cotton linters, bagasse, rayon, etg, can be used and none are
di scl ai mred. Wyod pul ps useful herein include chem cal pul ps such as
sulfite and sulfate (sonetines called Kraft) pulps as well as mechani ca
pul ps i ncluding for exanple, ground wood, ThernoMechani cal Pul p (TMP)
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selected papermaking environment.

It has now been found that a particularly suitable particulate filler is
kaolin clay. Kaolin clay is the common name for a class of naturally
occurring aluminum silicate mineral beneficiated as a particulate.

With respect to terminology, it is noted that it is common in the
industry, as well as in the prior art patent literature, when referring to kaolin
products or processing, to use the term “hydrous” to refer to kaolin which
has not been subject to calcination. Calcination subjects the clay to
temperatures above 450°C, which temperatures serve to alter the basic
crystal structure of kaolin. The so-called “hydrous” kaolins may have been
produced from crude kaolins, which have been subjected to beneficiation,
as, for example, to froth flotation, to magnetic separation, to mechanical
delamination, grinding, or similar comminution, but not to the mentioned
heating as would impair the crystal structure.

To be accurate in a technical sense, the description of these materiais
as “hydrous” is inappropriate. More specifically, there is no molecular water
actually present in the kaolinite structure. Thus although the composition
can be, and often is, arbitrarily written in the form 2H'200AI203028102, it
has long been known that kaolinite is an aluminum hydroxide silicate of



The Particulate Filler The invention provides for a creped tissue
paper conpri sing papermaking fibers and a particulate filler. Inits
preferred enbodi nent, the particulate filler is selected fromthe group
consisting of clay, calcium carbonate, titaniumdioxide, talc, alum num
silicate, cal gigymsidki cate, alumna trihydrate, activated REIUSHHIIWear |
starch, calciumsulfate, glass m cr ospheres, di atomaceous earth, and

m xtures thereof. \Wen selecting a filler éron1the above group several
factors need to be evaluated. These i ncl ud cost, availability, ease of
retaining into the tissue paper, color, scattering potential, refractive
I ndex, and chem cal conpatibility with the sel ected papernaking

envi ronment . It has now b d _{ hat a part icul arly I table
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these material s caleindtignlr ous” is i nappropriate. Mre specifically, there is
no nol ecul ar water actually present in the kaolinite structure. Thus
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exceeding 4500C.

The morphology of kaolin is naturally platy or blocky, because it
naturally occurs in the form of thin platelets which adhere together to form
»stacks” or "books®. The stacks separate to some degree into the individuai
platelets during processing, but it is preferable to use clays which have not
been subjected to extensive mechanical delamination treatments as this
tends to reduce the mean particle size. It is common to refer to the mean
particle size in terms of equivalent spherical diameter. An average
equivalent spherical diameter greater than about 0.2 micron, more preferably
greater than about 0.5 micron is preferred in the practice of the present
invention. Most preferably, an equivalent spherical diameter greater than
about 1.0 micron is preferred.

Most mined clay is subjected to wet processing. Aqueous suspending
of the crude clay allows the coarse impurities to be removed by
centrifugation and provides a media for chemical bieaching. A polyacrylate
polymer or phosphate salt is sometimes added to such sturries to reduce
viscosity and slow settling. Resuitant clays are normally shipped without
drying at about 70% solids suspensions, or they can be spray dried.



approxi mate conposition Al[err] (OH 4Si 206, which equates to the hydrated
formula just cited. Once kaolin is subjected to calcination, which for the
pur poses of this specification refers to subjecting a kaolin to

t enper at ures exceeding 450[err]C, for a period sufficient to elimnate
t he hydr oxylwgommass the original crystalline structurepetrukésisigol inite
I s destroyed. Therefore, al t hough technically such cal cined clays are no
| onger "kaolin", it is common in the industry to refer to these as
cal cined kaolin, and, for the purposes of 14 this specification, the
calcined materials are included when the class of materials "kaolin" is
cited. Accordingly, the term "hydrous al um num silicate" refers to
nat ural kaol in, whH%h has not been subjected to cal ci nation.
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?Z/ 17494 consequence is that some of the oxygen atoms on the surfacgggc%w?%)qo

anionic and become weakly dissociable hydroxyl groups.

Natural clay aiso has a cationic character capable of exchanging their
anions for others that are preferred. This happens because aluminum atoms
lacking a full complement of bonds occur at some frequency around the
peripheral edge of the platelet. They must satisfy their remaining valencies
by attracting anions from the aqueous suspension that they occupy. If
these cationic sites are not satisfied with anions from solutions, the clay can
satisfy its own charge balance by orienting itseif edge to face assembling a
"card house™ structure which forms thick dispersions. Polyacrylate
dispersants ion exchange with the cationic sites providing a repulsive
character to the clay preventing these assemblies and simplifying the
production, shipping, and use of the clay.

A kaolin grade WW Fil sD®is a spray dried kaolin marketed by Dry
Branch Kaolin Company of Dry Branch, Georgia suitable to make creped
tissue paper webs of the present invention.



Treatnments to the clay, such as air floating, froth flotation, washing,

bl eachi ng, spray drying, the addition of agents as slurry stabilizers and
viscosity nodifiers, are generally acceptable and should be sel ected based
upon the specific comercial considerations at hand in a partlcular

Ci rcunst anceWO9717494  Each clay platelet is itself a nulti® é'{lsé'f’éﬂm
structure of alum num polysilicates. A continuous array of oxygen atons
forms one face of each basic | ayer. The ppjysilicate sheet structure
edges are united by these oxygen atons. A continuous array of hydroxyl

groups of joined octahedral al um na structures forns the other face
formng a two-di nensi onal pol yal um num oxi de structure. The oxygen atons
sharing the tetrahedg@ich and octahedral structures bind the alum num atonms
to the silicon atons. | nperfections in the assenbly are primarily
responsi bl e for the natural clay particles possessing an ani onic charge
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Schopmeyer, Food Industries, December 1945, pp. 106-108. The starch can
be in granular form, pre-gelatinized granular form, or dispersed form. The
dispersed form is preferred. If in granular pre-gelatinized form, it need only
be dispersed in cold water prior to its use, with the only pre-caution being to
use equipment which overcomes any tendency to gel-block in forming the
dispersion. Suitable dispersers known as eductors are common in the
industry. If the starch is in granular form and has not been pre-gelatinized, it
is necessary to cook the starch to induce swelling of the granules.
Preferably, such starch granules are swollen, as by cooking, to a point just
prior to dispersion of the starch granule. Such highly swollen starch granules
shall be referred to as being "fully cooked”. The conditions for dispersion in
general can vary depending upon the size of the starch granules, the degree
of crystallinity of the granules, and the amount of amylose present. Fully
cooked amioca starch, for example, can be prepared by heating an aqueous
slurry of about 4% consistency of starch granules at about 180 °F (about
88 °C) for between about 30 and about 40 minutes.

Cationic starches can be divided into the following general
classifications: (1) tertiary aminoalkyl ethers, {2) onium starch ethers



Starch In sone aspects of the invention, it is useful to include
starch as one of the ingredients of the papermaking furnish. A starch
that has limted solubility in water in the presence of particulate
fillers and fibers is particularly useful in certain aspects of the

I nvention t Hedbogi l ed later. A common means of achi eywickaisbéiedog S t O
use a so called "cationic starch". As used herein the term
"cationic starch" is defined as starch, as natural ly derived, which has
been further chemically nodified to inpartléa cationic constituent

noiety. Preferably the starch is derived fromcorn or pot at oes, but can
be derived from other sources such as rice, wheat, or tapi oca. Starch
fromwaxy naize al so known industrially as am oca starch is particularly
preferred. Aniibeldingadatemaryamines.ophasphndivngeand sWfoniwmalesivatives,ni3) hat i t
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starch granu | S . ranul es, sha e referred to
as being "ful anﬁéwgv%u?ﬁeas\é\gﬁhﬁﬁﬁgbégtgmg a,suitahle; general can
vary dependi ng upon the size of the starch granul es, the degree of
crystallinity of t i te'So a R Ful l'y
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PCT/ US9611630¢itimately resulting in agglomeration of the filler. The essential element of
this step is believed to be the size and shape of the starch molecule rather
than the charge characteristics of the starch. For example, inferior resuits
would be expected by substituting a charge biasing species such as
synthetic linear polyelectrolyte for the cationic starch.

in one embodiment of the present invention, cationic starch is
preferably added to the particulate filler. In this case, the amount of cationic
starch added is from about 0.1% to about 2%, but most preferably from
about 0.25% to about 0.75%, by weight based on the weight of the
particulate filler. In this aspect of the invention, it is preferable to use a
cationic flocculant as a retention aid.

In another embodiment of the present invention, it is preferred to add
cationic starch to an entire aqueous papermaking furnish, preferably at a
point before the final dilution at the fan pump. This aspect of the invention
makes use of an anionic flocculant as a retention aid. In this aspect of the



16 I ncl udi ng quat ernary am nes, phosphonium and sul foni um
derivatives, (3) primary and secondary am noal kyl starches, and (4)

m scel | aneous (e.qg., i mno starches). New cationic products continue to
be devel oped, but the tertiary am noal kyl ethers and quaternary anmoni um
al kyl etherswo®/mw#s nain commercial types. Preferably, tHE/YEpIGH c
starch has a degree of substitution ranging fromabout 0.01 to about 0.1
cationic substituent per anhydrogl ucose upjts of starch; the substituents
preferably chosen fromthe above nentioned types. Suitable starches are
produced by National Starch and Chem cal Conpany, (Bridgewater, New
Jersey) under the tradenane, Redi BOND[ err]. Grades with cationic npieties

arades with addrteaih- 1§ piteravie B BoT SR St o 2 fata B RBpUGRuTtR 1
are al so suit abflgout twenty t'mwtheef%!)f\ﬁh‘%ﬁP'ﬁQ'GtﬂPQ%"Qmund by theory, |t | s
believed that the cationic starch which is initially dissolved in water,

becones insol uble i b ts attraction for
the anionic sites O?ﬁ{@ayorﬁ#?ﬁﬁ% s‘?ﬁr%{: ogbll"@hpsﬁgﬂﬁé@%d) {@eﬁqq V&30 be
covered with theessribrg indgtajhin thedollewingssegtioss. provi de an attractive
surface for nore filler particles, ultimately resulting in aggl oneration

of the filler. The m‘%emnt of this step is believed to be the
si ze and shape of t | ecul e rat her t han the charge

characteristics of the starch. For exanple, inferior results woul d be
expected by substi t ut inugnbier dfangreriBisasre T8arkBtd éﬁs@-ﬂﬁﬁbcﬁ&eteﬁﬁﬁﬂﬁ@&*%

| | yel |y

of "t he B?eiin?%’&e 1 Gaaherdlf sRrhBg 15 ARbRlYES used ro imrept i fpeb Rkl
particul ate filthefing furpishssofids én theywednduring dre panermeking processhWithied i s
from about O. 1%denmbmétea%n e ithéhink solies,ctheplare BitAER losb® tie Proteiet O

about 0. 75% t culate fill

Ths ashoot of qGeAtbr 2R, b Exssiily Blon' dfcanfidlibhe . fiereircbisting' "
floccul ant as aWhite Watepipaq end cause PdeUPﬁoaﬂdfflhémeémudmrﬂep@ﬁltthwld-up
present inventiand impairedl dvafriadjel eChaprendd entitieti %tmtmﬁ&nisftryﬂrbfe'fﬁdl e

Gt on’at -t neid Bangt, Crdthie®y ShiClbnticH Ténnollly®; 3Rl ol X A.T5E.

ani onic fl occullamewdaa%l(ewq BﬂttaMMlevn InterseiencgRubligationcincorporated
herein by reference, provides the essential understanding of the types and
mechanisms by which polymeric retention aids function. A flocculant
agglomerates suspended particles generally by a bridging mechanism. While
certain multivalent cations are considered common flocculants, they are
generally being replaced in practice by superior acting polymers which carry
many charge sites along the polymer chain.

ioni |

Tissue products according to the prasent invention can be effectively
produced using as a retention aid a “cationic flocculant”, a term which, as
used herein, refers to a class of polyelectrolyte. These polymers generally
originate from copolymerization of one or more ethylenically unsaturated
monomers, genefally acrylic monomers, that consist of or include cationic
monomer.

Suitable cationic monomers are dialkyl amino alkyl-(meth) acrylates or
-{meth) acrylamides, either as acid salts or quaternary ammonium salts.
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invention, it is preferable to add cationic starch at a rate from about

five to about twenty tinmes the rate of the anionic floccul ant.

The cati oni Gy@gghsagy oni ¢ floccul ants nentioned in the abovgcfiiSosi6300
described in detail in the follow ng sections. Retention Aids

A nunber of materials are nmarketed as so-called retention aids", a term

as used herein, referring to additives usd® to i ncrease the retention of
the fine furnish solids in the web during the papermaki ng process. Wt hout
adequate retention of the fine solids, they are either lost to the process
ef fl uent or accunul ate to excessively high concentrations in the

recircul at i ng Suitaple alkylgrospslindpde diblkdaminqetbgluatetbnachyistégul ti es

U dep By o i il 3R SRRk |

Technol ogy", %rmdﬁ ge@/de\?o%‘? ataﬂW@:_noE_1,§-pr%\ﬂ mety %ﬁ{ﬁ'amidw- Bhese cationjg | ey

I ntersci ence PRRIAraessi ase, pretferably mopolyinerizedewithra bynioakcenenemer,pr ovi des the

essential underefordtsly Aérimide: DYRAISsuBle polfRERE RIS BIyBh I iREL Y eI | C
ner at e gus ende par

retention aid t.Lon. A flocgul ent aggl.o ticles
general |y by iob'%?ﬁa? ﬁ&'%%’ﬂ&%ﬁgﬂmp%?fé- aﬂg&a"e%ﬂq&vrnamwv@nmﬂymmi ons are
consi dered co@sperally oxitlagnylamiden®f raomomersgsucty a8 Higlipleding thiyd Rindediuih

practice by S¢Rrfridel acting polyners which carry . many charge sites al ong
t he pol yner chain. Cationi c Fl occul ant Ti ssue products
according to the present invention can be effectively produced usi ng as

a retention aid a Ap¥tdanveotiohalaatiosit $ynthetie polymherichfloeculant suigsleirei n,
refers to a cuséonPape?assd RABAALY bR cdl'B | gi nate
from copol yneg{:%@hwﬁég one or_pore ,g,t hy?gﬁig@;a'?olrg;ﬁ lggg?&é%%%’e pmd%#gmer S,
general |y acry %&}%P’ﬁsﬁm INVBAYPR: " of or include cationic nonomer .
Sui tabl e cationic nononmers are dial kyl am no al kyl -(nmeth) acrylates or

-(nmeth) acrylam de,,?, either as acid salts or quaternary anmmoni um salts.
- The polymer is preferably substantially linear in comparison to the

globular structure of cationized starches.

A wide range of charge densities is useful, although a medium density
is preferred. Polymers useful to make products of the present invention
contain cationic functional groups at a frequency ranging from as low as
about 0.2 to as high as 2.5, but more preferably in a range of about 1 to
about 1.5 milliequivalents per gram of polymer.

Polymers useful to make tissue products according to the present
invention should have a molecular weight of at least about 500,000, and
preferably a molecular weight above about 1,000,000, and, may
advantageously have a molecular weight above 5,000,000.

Examples of acceptable materials are RETEN 1232® and Microform
2321, both emulsion polymerized cationic polyacrylamides and RETEN
157°, which is delivered as a solid granule; all are products of Hercules, Inc.
of Wilmington, Delaware. Another acceptable cationic flocculant is Accurac
91, a product of Cytec, Inc. of Stamford, CT.

Those skilled in the art will recognize that the desired usage rates of
these polymers will vary widely. Amounts as low as about 0.005% polymer
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18 Sui tabl e al kyl groups include dial kyl am noet hyl (neth) acryl ates,

di al kyl am noet hyl (nmeth) acryl am des and di al kyl am nonet hyl (et h)

acrylam des and dial kyl am no -1, 3-propyl (meth) acrylam des. _These_cationic
mononers ar eWSBAM4hI v copol ymerized with a nonioni c monofer oS3 o apl y
acryl am de. O her suitable polyners are polyethyl ene i m nes, pol yam de
epi chl orohydrin pol yners, and honopol ynmer sygor copol yners, generally with
acrylam de, of nononers such as diallyl dinmethyl amronium chloride.

Any conventional cationic synthetic polyneric flocculant suitable for use
on paper as a retention aid can be usefully enployed to make products

according Lo P WG Blsedof ¥d 8 weight of the pBnGIUANTle dry gl 20! ¥
substantially |lipear .in conparisqon.to’the I'oQul ar structudre ©

cationi zed st aPEIfEY of tissue Papem&%@'%ﬁaﬁaef%?e 3 QuT fEFBRIY the usagesate) |
al t hough a nedwvosiddesekpgctedite her migben @sen Pighersos thes plitpost oftthe ppgsedtiCt S
of the presentjy,| ' ' b QR : | at. a
fr equency rangggg”‘?"m‘*g‘;’?@wﬂmgs Brecfe sy agnliiorPpr iR dnBRetle, | o
preferably in 4AtR-3% Nigh,3%, 2bqut 05 % might bi.@ﬂWqu-gﬁﬁi’\P&lﬂéﬂY@B& gram
of pol ymer. 0.1% is optipmer s useful to nake tissue products according to
t he present i nvention should have a nol ecul ar wei ght of at |east about
500, 000, and preferably a nol ecul ar wei ght above about 1, 000,000, and,
may advant ageously have a nol ecul ar wei ght above 5, 000, 000.

Exanpl es of accept Adignigtilecguddrt are RETEN 1232[err] and Mcroform 2321 ,
bot h emul si on pol yneri zed cationic pol yacrylam des and RETEN 157 , which

is delivered as a ?ol id granule; all are products of Hercules, Inc. of
W | mi ngt on, Del anal® 3nRHEY Aspectetiepresentipvention.ranycanienitfiacsulant lisac
91, a product anf usBfubingrédient. oAnSaaltnks tiocéilant” as used Adrelcreddrs|toesihigh t he

art will recogm,légultap%iémgzﬁggﬁgvﬁéﬁg%ﬂggﬁ?ﬁ&g,tJa,%_e pol yners wil |

vary wi dely. Amounts as out
Anionic polymers often have a carboxylic acid (-COOH) moiety.

These can be immediately pendant to the polymer backbone or pendant
through typically, an alkalene group, particularly an alkalene group of a few
carbons. In aqueous medium, except at low pH, such carboxylic acid
groups ionize to provide to the polymer a negative charge.

Anionic polymers suitable for anionic flocculants do not wholly or
essentially consist of monomeric units prone to yield a carboxylic acid group
upon polymerization, instead they are comprised of a combination of
monomers yielding both nonionic and anionic functionality. Monomers
yielding nonionic functionality, especially if possessing a polar character,
often exhibit the same flocculating tendencies as ionic functionality. The
incorporation of such monomers is often practiced for this reason. An often
used nonionic unit is {meth) acrylamide.

Anionic polyacrylamides having relatively high molecular weights are
satisfactory flocculating agents. Such anionic polyacrylamides contain a
combination of (meth) acrylamide and (meth) acrylic acid, the latter of which
can be derived from the incorporation of {meth)acrylic acid monomer during
the polymerization step or by the hydrolysis of some (meth) acrylamide units
after the polymerization, or combined methods.
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19 by wei ght based on the dry weight of the polynmer and the dry '
finished wei ght of tissue paper will deliver useful results, but nornmally
the usage rate would be expected to be higher; even higher for the

pur poses of wor7Riesent i nvention than commonly practi ce¢pivussfigssgcat i on
of these material s. Amount s as hi gh as about 0.5% m ght be enpl oyed, but

normal |y about 0.1 %is optinum 20 Ani oni ¢ Fl occul ant
I n anot her aspect of the present inventiony an "anionic flocculent” is an

useful ingredient. An "anionic flocculant" as used herein refers to a high
nol ecul ar wei ght pol yner havi ng pendant ani oni c groups. Ani oni ¢

pol ymers often hav boxylic aci - . l.ety.. These can be

i mredi ately pendanﬁﬁ%ﬁﬁh@eﬁdffﬁ%ﬁrﬂ\f%ﬂéﬁ'@"g?ﬁgh?ﬁéd’t‘ COMpagisan teyiPecal |y,
an al kal ene gr 9\gpulasstiucturezofi aniemicstarghene group of a few carbons. In
aqueous nedi um except at |low pH, such carboxylic acid groups ionize to

provi de to the pol yger..a negative charge.. . ni oni c polyners
suitable for ani oniﬁ'ld&reﬂ&%m §ﬁa€¥en‘6‘?“m 5,Hsgful. @é@‘é‘l’ﬁh 8 mediugndensity of
nmononeri ¢ uni ti§ Rrefareed. oPolymets asefu! Bo pakecprodiudtsgobtne prepemt invention

pol yner i zat i oncontaki €atbrid S¥ndtidhal §FligsSada %qﬁewﬁr@ﬁ{dr fBnPhs fch AQTerS

yi el di ng both w&utq? Ctoagsg ani oni,c f ctlgg&aellt . _Mononers_ yleld ng

noni oni ¢ functTonal ?y Wigk; as sRpyt:/ op higheg Wé Moy peeterahly inca &ange of t en
exhi bit the sa#ROUtHte abavt Agnillisquivalenss pes gramiof polyroen.onal i ty. The

I ncorporation of such nononers is often practiced for this reason. An often

having el ativel y HaymAE derAEfe kg isus produsts scPadiing 16 fhd prasbet | ng.
agents. Such dnAvemtien gboylddhavezmmbieculamwaight af at dedst mbbub 500f000TEEN)
acrylami de ancpréf@tably & #oibddlaniiefbht abovb Auigtt 19800/Bi0g) anfaahe deri ved
ol yrer  zat | orbeNERRGb Bly bre a&&&é@é?ﬁe@éh&%&%&%@p%é@?w ani de uni ts
after the pol ynerization, or conbi ned nethods.
An example of an acceptable material is RETEN 235%, which is

delivered as a solid granule; a product of Hercules, Inc. of Wilmington,

Delaware. Another acceptable anionic flocculant is Accurac 62%, a product

-of Cytec, Inc. of Stamford, CT.

Those skilled in the art will recognize that the desired usage rates of
these polymers will vary widely. Amounts as low as about 0.005% polymer
by weight based on the finished dry weight of tissue paper will deliver useful
results, but normally the usage rate would be expected to be higher; even
higher for the purposes of the present invention than commonly practiced as
application of these materials. Amounts as high as about 0.5% might be
employed, but normally about 0.1% is optimum.

Bond Inhibiting Agents

Bond inhibiting agents are expressly included in the present invention.
Acceptable bond inhibiting agents comprise the well known
dialkyldimethytammonium salts such as ditallowdimethylammonium chloride,
ditallowdimethylammonium methyt sulfate, di(hydrogenated) tallow dimethyl
ammonium chloride; with di(hydrogenated) tallow dimethyl ammonium
methyl sulfate being preferred. This particular material is available
commercially from Witco Chemical Company Inc. of Dublin, Ohio under the
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20 _ The polyner is preferably substantially linear in conparison
to the gl obul ar structure of anionic starch. A wi de range of
charge densities is useful, although a nedium density is preferred.

Pol ynmers usefwooo7aske products of the present invention PCHBAISY/IE300
cationic functional groups at a frequency ranging fromas | ow as about
0.2 to as high as about 7 or higher, but nngf preferably in a range of
about 2 to about 4 mlliequival ents per grafit of pol yner. Pol yner s
useful to make tissue products according to the present I nvention should
have a nol ecul ar wei ght of at |east about 500, 000, and preferably a

nol ecul ar wei gh bove out .1 , 000, .and,. ma advant ageous| y have a
nol ecul ar wei ght"agﬁﬁ%e %5@“05899 Bona "?h'gs&wgeﬁéfm achto disruptbpmatyial

mat eri al i s RETENe28bfiber bondihg that sccursiduring thel pagermaiohg grayessul The a
broduct of oot cWvaPor bofid intiniVhiy e, o used. T8 | RkAbly A00h MBbuPETER%AB! ©

ani onic floccul egt '8 sglgCErac .6 ‘[err ,_a 'Eég uct , of tec, Inc. of
Stanford, cr. 2apout U.5% By weighty baged on the dry weight|of the dissue apera: Most
desired usage r atefgrably, thetbend ipbibiting agentlis used yn Wal¥apkee sidensyeras | ow as
about 0. 005% pol yner by wei ght based on the finished dry weight of tissue

paper will deliver u ei_}‘ul Jesults, but normally the usage rate woul d be
expected to be hi ghm, [LIVe] gher for the purposes of the present

i nvention than commonly practiced as application of these materials.
Amount s as hi gh as Qtber meteigsitambeaddeddnphe paueous papenmaking furbisbtor0. 1 %

i's optinmum _the embBWhic Wb © inigat SeRiicharacteristics tBORE ﬁrabﬁ{f or jAthraeeNt S
are expressly |ﬂ§ellg ed | g t he resenwﬁentt‘l on. Ac?c'@ﬁt abl e onof .
i nhi biting agen Masig hecRat po S they arecAPARIA WL R FRemISHY: s
such as ditall oﬁﬂfhﬁetﬂmmimmﬁltﬂfimz do ndt sighifiadtiveandyddvensely affect
methyl sulfate, ui ddnitisaisaahem of MhQistingraricter STRheTbTInvEht6n. Wi N
| (hydrogenat ed‘)’hé %Ilo%ng'n[\rgtter%ls a%m%lrgsr?ly included, but their inclusion is not

offered to be all-inclusive. Other materials can be included as well so long

as they do not interfere or counteract the advantages of the present

invention.

It is common to add a cationic charge biasing species to the
papermaking process to control the zeta potential of the aqueous
papermaking furnish as it is delivered to the papermaking process. These
materials are used because most of the solids in nature have negative
surface charges, including the surfaces of cellulosic fibers and fines and
most inorganic fillers. Many experts in the field believe that a cationic
charge biasing species is desirable as it partially neutralizes these solids,
making them more easily flocculated by cationic flocculants such as the
before mentioned cationic starch and cationic polyelectrolyte. One
traditionally used cationic charge biasing species is alum. More recently in
the art, charge biasing is done by use of relatively low molecular weight
cationic synthetic polymers preferably having a molecular weight of no more
than about 500,000 and more preferably no more than about 200,000, or
even about 100,000. The charge densities of such low molecular weight
cationic synthetic polymers are relatively high. These charge densities range
from about 4 to about 8 equivalents of cationic nitrogen per kilogram of
polymer. One suitable material is Cypro 514°%, a product of Cytec, Inc. of
Stamford, CT. The use of such materials is expressly aliowed within the
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Varisoft 13 ond inhibiting agents act to disrupt t

fiber to fi b\g’?g@lugiﬁng that occurs during the papernmaki ng B?B@gi‘ﬁh The

| evel of bond inhibiting agent, if used, is preferably fromabout 0.02%to
about 0.5% by weight based on the dry weight of the tissue paper. Most
preferably, the bond inhibiting agent is used in the Yankee side |ayer.

Ot her Additives QO her materials can be added to the aqueous
paper maki ng furni sh or the enmbryonic web to inpart other characteristics
to the product practicemtane presém ipveraiomkCagtign siomsd beaudedrig theirt hey are
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because nost S in nature have negative surface charges,

i ncluding the surfaces of cellulosic fibers and fines and nost i norganic
fillers. Many expeThe use dfttdgh iseHdcéd eré \High balonic crdrge micropaeticied ordinasi Ng

species is des e e oS <. ng
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synt hetic pol yners t han
about 500, 000 '&ﬁefﬂﬂs?féo'bPéﬁ@?%!’%ﬁeﬂe'snﬁﬁépma’ﬂ '%‘HGF wjthinabe ssape of the

present invention.

If permanent wet strength is desired, the group of chemicals: including
polyamide-epichlorohydrin, polyacrylamides, styrene-butadiene iatices;
insolubilized polyvinyl alcohol; urea-formaldehyde; polyethyleneimine;
chitosan polymers and mixtures thereof can be added to the papermaking
furnish or to the embryonic web. Polyamide-epichlorohydrin resins are
cationic wet strength resins which have been found to be of particular
utility. Suitable types of such resins are described in U.S. Patent No.
3,700,623, issued on October 24, 1972, and 3,772,076, issued on
November 13, 1973, both issued to Keim and both being hereby
incorporated by reference. One commercial source of a useful polyamide-
epichlorohydrin resins is Hercules, Inc. of Wilmington, Delaware, which
markets such resin under the mark Kymene 557H°.

Many creped paper products must have limited strength when wet
because of the need to dispose of them through toilets into septic or sewer
systems. If wet strength is imparted to these products, it is preferred to be
fugitive wet strength characterized by a decay of part or all of its potency
upon standing in presence of water. If fugitive wet strength is desired, the



even about 100, 000. The charge densities of such | ow nol ecul ar wei ght
cationic synthetic polyners are relatively high. These charge densities
range fromabout 4 to about 8 equivalents of catlonic nitrogen per

ki | ogram of polymer. One suitable material is Cypro 514[err], a product
of Cytec, |ncwoafinreest anford, CT. The use of such materi al s ACT/USREIYs| v
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of the present invention. Caution should beflused in their appl i cation,
however. It is well known that while a small anpbunt of such agents can
actually aid retention by neutralizing anionic centers inaccessible to

the larger floccul ant nol ecul es and thereby |owering the particle
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resin under thejsgBéd td\WERELSRgddr; fetlal. on March 8, 1877; and alkylpolyethoxylated
esters such as Pegosperse 200 ML available from Glyco Chemicals, Inc.
{Greenwich, CT) and IGEPAL RC-520% available from Rhone Poulenc

Corporation {Cranbury, NJ).

The present invention can also be used in conjunction with adhesives
and coatings designed to be sprayed onto the surface of the web or onto
the Yankee dryer, such products designed for controlling adhesion to the
Yankee dryer. For example, U. S. Patent 3,926,716, Bates, incorporated
here by reference, discloses a process using an aqueous dispersion of
polyvinyl alcohol of certain degree of hydrolysis and viscosity for improving
the adhesion of paper webs to Yankee dryers. Such polyviny! alcohols, sold
under the tradename Airvol® by Air Products and Chemicals, Inc. of
Allentown, PA can be used in conjunction with the present invention. Other
Yankee coatings similarly recommended for use directly on the Yankee or on
the surface of the sheet are cationic polyamide or polyamine resins such as
those made under the tradename Rezoso!® and Unisoft® by Houghton
international of Valley Forge, PA and the Crepetrol® tradename by Hercules,
inc. of Wilmington, Delaware. These can also be used with the present



Many creped paper products nust have limted strength when wet because of
the need to dispose of themthrough toilets into septic or sewer syst ens.
If wet strength is inparted to these products, it is preferred to be
fugitive wet strength characterized by a decay of part or all of its

pot ency URev7ab@pdi ng in presence of water. |f fugitive peglusséiedsoth is
desired, the WO 97/ 17494

PCT/ US96116300 - 23 bi nder
material s can be chosen fromthe group coR4isting of dialdehyde starch or
other resins wth al dehyde functionality such as Co-Bond 1000[ err]

of fered by National Starch and Chem cal Conpany, Parez 750[err] offered by
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hydrol ysis an%é/ Eéﬁﬁ)ﬁcteyarfuo{amw{?ﬁpxb&gon, among other factors. It has now been
found that the following techniques are suitable in preparing the aqueous
papermaking furnish, but its delineation should not be regarded as limiting
the scope of the present invention, which is defined by the claims set forth
at the end of this specification.

Papermaking fibers are first prepared by liberating the individual fibers
into a aqueous slurry by any of the common pulping methods adequately
described in the prior art. Refining, if necessary, is then carried out on the
selected parts of the papermaking furnish. [t has been found that there is an
advantage in retention, if the aqueous slurry which will later be used to
adsorb the particulate filler is refined at least to the equivalent of a Canadian
Standard Freeness of about 600 mi, but, more preferably 550 ml or below.
Dilution generally favors the absorption of polymers and retention aids;
consequently, the slurry or slurries of papermaking'fibers at this point in the
preparation is preferably no more than from about 3-5% solids by weight.

The selected particulate filler is first prepared by also dispersing it into
an aqueous slurry. Dilution generally favors the absorption of polymers and
retention aids onto solids surfaces; consequently, the slurry or slurries of
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IT necessary, effebtifély G¥sbitdd Oito B8 dubfaces of the papermaking fibers.
Adsorption of the filler onto the fiber surfaces can be accomplished by
combining the slurry of agglomerates with at least one slurry of papermaking
fibers and adding a cationic flocculant to the resultant mixture. Again, while
not wishing to be bound by theory, the action of the flocculant is thought to
be effective at this point by bridging between anionic sites on the
papermaking fibers and anionic sites on the filler agglomerates.

The cationic flocculant can be added at any suitable point in the
approach flow of the stock preparation system of the papermaking process.
It is particularly preferred to add the cationic flocculant after the fan pump in
which the final dilution with the recycled machine water returned from the
process is made. It is well known in the papermaking field that shear stages
break down bridges formed by flocculating agents, and hence it is general
practice to add the flocculating agent after as many shear stages
encountered by the aqueous papermaking slurry as feasible.

A second aspect of the invention is based on an anionic flocculant. In
this aspect, the anionic flocculant is preferably added at least to an agueous
slurry of the particulate filler while it is essentially isolated from the
remainder of the aqueous papermaking furnish. The combination of anionic



sel ected parts of the papermaking furnish. It has been found that there is
an advantage in retention, if the aqueous slurry which will |ater be used
to adsorb the particulate filler is refined at |east to the equival ent of
a Canadi an St andard Freeness of about 600 m, but, nore preferably 550 m
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fibers at this point in the preparation is preferably no nore then from
about 3-5% solids by weight. Tké sel ected particulate filler is
first prepared by also dispersing it into an aqueous slurry. Dilution
generally favors the absorption of polyners and retention aids onto
solids surfaces; consequently, the slurry or slurries of WO
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flocs formed by flocculating agents, and hence it is general practice to add

the flocculating agent after as many shear stages encountered by the

aqueous papermaking slurry as feasible.

Those skilled in the art will recognize that the before mentioned
recommended addition of flocculant directly to the particulate filler is an
exception to minimum shear stage approach; thus this aspect of the present
invention yields an unexpected advantage when at least a portion of the
anionic flocculant is added to the particulate filler while it is essentially free
of the other components of the aqueous papermaking furnish and the
flocculant treated particulate filler is added to the papermaking fibers prior to
the final dilution stage. A suitable ratio for point of addition of the anionic
flocculant is about 4:1, i.e. for each 1 part of the total flocculant dosage
that is added after the fan pump, about 4 parts are advantageously added
directly to the particulate filler. This ratio can vary considerably, and it is
anticipated that ratios from about 0.5:1 to 10:1 might be appropriate
depending on varying circumstances.

In preparing products representing either aspect of the invention, if
multiple slurries of papermaking fibers are prepared, one or more of the
slurries can be used to adsorb particulate fibers in accordance with the



papermaki ng fibers and anionic sites on the filler aggl onerates. _
The cationic flocculant can be added at any suitable point in the approach
fl ow of the stock preparation system of the papermeki ng process. It is
particularly preferred to add the cationic flocculant after the fan punp in
whi ch the fiwelo7ghsbaiti on With the recycl ed nmachi ne water recousssdsiooom t he
process is made. It is well known in the papernmaking field that shear
stages break down bridges forned by rocgglating agents, and hence it is
general practice to add the floccul ati ng“agent after as many shear stages
encountered by the aqueous papernmaking slurry as feasible. A second
aspect of the invention is based on an anionic flocculant In this aspect,
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be of either tfihershironic type or cationic type. Most preferably, this
second dose of flocculant occurs after the final dilution vm' th the
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fl occul ati ng 4ipers,scoraprising haedwood pulpanepeequetaand wsed do addorb flhe
floccul ating a@eféulaiel fMlersSwhine¥ siivPilof TeIREI0ElyA0RE pBpEMeskin fibBS,
comprising softwood pulp, is prepared and left essentially free of fine
particulates. The fate of the resultant short fibered slurry is to be directed
to the outer chambers of a three layered headbox to form surface layers of a
three layered tissue in which a long fibered inner layer is formed out of a
inner chamber in the headbox in which the slurry of relatively iong
papermaking fibers is directed. The resultant filled tissue web is particularly
suitable for converting into a single-ply tissue product.

In an alternate preferred arrangement, a slurry of relatively short
papermaking fibers, comprising hardwood pulp, is prepared and used to
adsorb fine particulate fillers, while a slurry of relatively long papermaking
fibers, comprising softwood pulp, is prepared and left essentially free of fine
particulates. The fate of the resultant short fibered slurry is to be directed
to one chamber of a two chambered headbox to form one layer of a two
layered tissue in which a long fibered alternate layer is formed out of the
second chamber in the headbox in which the slurry of relatively long
papermaking fibers is directed. The resuitant filled tissue web is particularly
suitable for converting into a multi-ply tissue product comprising two plies in
which each ply is ariented so that the layer comprised of relatively short
papermaking fibers is on the surface of the two-ply tissue product.



aqueous papernmaking slurry as feasible. Those skilled in the art
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dilution stage. A suitable ratio for point of addition of the anionic
flocculant is about 4:1, i.e. for each 1 part of the total floccul ant
dosage that is added after the fan punp, about 4 parts are advantageously
added directly to the particulate filler. This ratio can vary
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Those skilled in the art will also recognize that the apparent number of

chambers of a headbox can be reduced by directing the same type of

aqueous papermaking furnish to adjacent chambers. For example, the

aforementioned three chambered headbox could be used as a two

chambered headbox simply by directing essentially the same aqueous

- papermaking furnish to either of two adjacent chambers.

In all arrangements, it is essential to compose the furnish directed to
each layer to achieve the lint ratio prescribed by the present invention. This
is accomplished by preferentially adding starch to the furnish which is the
genesis of the off-Yankee side layer and thereby reducing the starch added
to the furnish which is the genesis of the Yankee-side layer. The lint ratio is
also increased by adding a bond inhibiting agent preferentially into the
Yankee-side layer.

While not wishing to be bound by theory, it is believed that the
Yankee side surface of a filled tissue paper without biased surface properties
is less smooth than a similarly made tissue web which does not contain
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28 I n anFaIterna,t referred arran a slurr

relatively short ?HRF'HSt Wtﬁé’fgpa@ﬂ%f"egﬂﬁgpﬂr eBH}/F?apegnakmg
prepared and us&n‘ntsb carablsgabreﬂrbyerqmarenceubﬂgure iZy awiichus ialsehematior ry of
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relatively free | ne ates atiyel ong
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essenti al |y freasprctiaftbe irvernitionl besed. oriTtationi¢ fipecwant ard Figiue Sawhichds a
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anot her chanber peadiict lsecording tananothengspedtafahie dhvantion basedrasvanignic t 0 a
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A storage vessel 1 is provided for staging an aqueous slurry of

relatively long papermaking fibers. The slurry is conveyed by means of a
pump 2 and optionally through a refiner 3 to fully develop the strength
potential of the long papermaking fibers. Additive pipe 4 conveys a resin to
provide for wet or dry strength, as desired in the finished product. The
slurry is then further conditioned in mixer 5 to aid in absorption of the resin.
The suitably conditioned slurry is then diluted with white water 7 in a fan
pump 6 forming a dilute long papermaking fiber sturry 15. Pipe 20 adds a
cationic flocculant to the slurry 15, producing a flocculated long fibered
siurry 22,

Still referring to Figure 2, a storage vessel 8 is a repository for a fine
particulate filler slurry. Additive pipe 9 conveys an agueous dispersion of a
cationic starch additive. Pump 10 acts to convey the fine particulate slurry
as well as provide for dispersion of the starch. The slurry is conditioned in a
mixer 12 to aid in absorption of the additives. Resultant slurry 13 is



bet ween the other two chanbers and the chanber carrying the relatively
short fibered slurry containing fine particulate fillers deposits its
slurry on the opposite side of the foram nous surface. Those
skilled in the art will also recognize that the apparent nunber of

chanbers of gyheaphex can be reduced by directing the sane ,38&;163 gueous
paper maki ng furnish to adj acent chanbers. For exanple, the "arorenentioned
t hree chanbered headbox could be used as a two chanbered headbox sinply by
directing essentially the sane aqueous pap@ernmaki ng furnish to either of
two adj acent chanbers. In all arrangenents, it is essential to
conpose the furnish directed to each |layer to achieve the lint ratio
prescri bed by the present invention. This is acconplished by

preferential | ycauvaved o apointiwheredt isumikeshwithianhaqueoub dispgesionicf refinéde

of f - Yankee si dghd,,qy%,?gge,t,mi ¥ipegduci ng the starch added to the furnish
which is the genesis of the Yankee-side layer. The lint ratio is also

i ncreased by adding a bond inhibiting agent preferentially into the
Yankee- si de | ayer. Still referring/¥oi Figuren2, sheritipagetraiting fiibensgiuby ddiginates it is

bel i eved that #bm a Yasteiory i14¢ fioHh hatsieh o istednvil&d! thionaH Hip B8 by bhBUt
oS p our! 2 1R IRRAIGH & Tefinet 15 jyhet R DRbames B refined jgrrn', SR P e
PCT/ US96/ 16300papermaking fibers 16. After mixing with the conditioned2urry of finel | ers.
This i's beli eveshicaisté Hier 130 Hda8mb RS Shok Hilr1Ra il Bose ML
tightly to overco he,,strengt hol,oss assoQcl teJ _tﬁ e disprace I'r’ﬂof
fibers with f iﬂg"ggﬁ-i M"g& Pé".agﬁ‘h?és m*wiw@ﬁ@w 1\rI¥ol" # 60 eump 18 @t whieh of f -
Yankee side, bRejatthe slurry béatmesas dilutd gquenusgiapermekiag Surknde, VRipe @1 on.
Consequent |y, di la"¢htidMc [ hCafhl Lt ffect
whi ch out wei ghf?“aétMg i at i vggeggggtc’i?g? gﬁﬁﬂgﬁ'ﬁ?’?ﬁ’gﬁaﬁ@ rﬁgﬁwﬁ\éﬁ ﬁz(;%s a

t he n
bondi ng on t he %’f“r“-?%ﬁ egpy paperpaking slurry Furt her insight into
preparation nethods for the aqueous paper nmaki ng furni sh can be gai ned by

reference to Fi gur erarerdblyS thd Roccqisted ré-fibef GaNeRSSfUedls Papkhhiihgat | N9 a
preparation of gl e Ae AR5 RS the Srabkd papermaking process illustrated in Figure

1 and is divided into two approximately equal streams which are then

directed into headbox chambers 82 and 83 ultimately evolving into off-
Yankee-side-layer 75 and Yankee-side-layer 71, respectively of the strong,

soft, low dusting, filled creped tissue paper. Similarly, the agueous

flocculated long papermaking fiber slurry 22, referring to Figure 2, is

preferably directed into headbox chamber 82b ultimately evolving into center

layer 73 of the strong, soft, low dusting, filled creped tissue paper.
The following discussion refers to Figure 3:

A storage vessel 24 is provided for staging an aqueous slurry of
relatively long papermaking fibers. The slurry is conveyed by means of a
pump 25 and optionally through a refiner 26 to fully develop the strength
potential of the long papermaking fibers. Additive pipe 27 conveys a resin
to provide for wet or dry strength, as desired in the finished product. The
slurry is then further conditioned in mixer 28 to aid in absorption of the
resin. The suitably conditioned slurry is then diluted with white water 29 in
a fan pump 30 forming a dilute long papermaking fiber slurry 31.
Optionally, pipe 32 conveys an flocculant to mix with slurry 31, forming an
aqueous flocculated long fiber papermaking slurry 33.



for the creped papernmaki ng operation yielding a product according to the
aspect of the invention based on cationic flocculant and Figure 3, which is
a schematic representation illustrating a preparation of the agueous
paper maki ng furnish for the creped papernmaki ng operation yielding a

product accor®iohgntsanot her aspect of the invention based ®GTANIGHEW®
flocculant. The follow ng discussion refers to Figure 2: A
storage vessel 1 is provided for staging an aqueous slurry of relatively
| ong papermaking fibers. The slurry is conddyed by neans of a punmp 2 and
optionally through a refiner 3 to fully develop the strength potential of
the | ong papernaking fibers. Additive pipe 4 conveys a resinto provi de
for wet or dry strength, as desired in the finished product. The slurry
is then further conditioned in mxer 5 to aid in absorption of the resin.

The suitably conditi AT A" ' ] It hka fan
punp 6 for m'yng a di ﬁﬂh :&F%‘Hbﬁépﬁééun’%%%%'ﬁ?qg#ﬂ ?4"3%1? égﬁkﬁoﬁégg}&a
cationi ¢ fl occupasteulgte filer suwyy Additive,pipgR3 RENVEYS %’béﬁ‘l‘%ﬂ‘@o‘iFBﬂé‘% %A ed
slurry 22. f anionic fidccLlant.cfPoinip 86 dots td gunveythefing partipailateshety 8si s a
repositor or | -nar, . : eys
anpaqueoug di sp‘g?@. Fg%r%‘f'gg_f& @%k’ %ﬁ‘?"{:bﬁ@; gﬁé%&cﬁé f i‘ogéjkllgtr ‘%s%;ﬂ gglﬂgﬁggﬂ Y
convey the fine puxen3Lteaid ify ahsopption,of e additive, Resukantplugy 3Rissi on of
the starch. Theonvieyed 162 peint wheed itds imixed with aesql2otdispdrsion ebsbont i on

of the additiv ; lurry 13 is WO 97/ 17494
PCT/ US96/ 16300%”%%“"5%&& 30 conveyed to

a point where it is mxed with an aqueous di spersion of refined short
fiber pﬁper mf'vlkl ng figirreferring to Figuret3,ld sherft apermaking fibgrskurdy, odginates
aper maki n i . n ol r it is
Bonveyed 1 i oudiomith Sansighy Sof ot wrictt 18 chRVANd firdudi oipe S800B |
a refined sl urrd0 & adinipt whees it miRs yWth thasanditioned fipg partgyiate filles stwey
]E_OBdi t iboneg sl 138 Yo Bbcomecthe[shott ﬁb&reﬁaeﬂiddmbpiiapémw skeryt 4%, Fipe :\la
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aqueous paper mekl .rgjdgqlngp/rip lipg_mixpp§02 to form flocculated slurry 47. White water 29
is directed into the flocculated slurry which mixes in fan pump 42 to become
the dilute flocculated short fiber based aqueous papermaking slurry 43.
Optionally, pipe 44 conveys additional flocculant to increass the level of

flocculation of dilute slurry 43 forming slurry 45.

Preferably, the short papermaking fiber slurry 45 from Figure 3 is
directed to the preferred papermaking process illustrated in Figure 1 and is
divided into two approximately equal streams which are then directed into
headbox chambers 82 and 83 uitimately evolving into off-Yankee-side-layer
75 ‘and Yankee-side-layer 71, respectively of the strong, soft, low dusting,
filled creped tissue paper. Similarly, the long papermaking fiber slurry 33,
referring to Figure 3, is preferably directed into headbox chamber 82b
ultimately evolving into center layer 73 of the strong, soft, low dusting, filled
creped tissue paper.

The Creped Papermaking Process

Figure 1 is a schematic representation illustrating a creped
papermaking process for producing a strong, soft, and low dusting filled



directs a cationic flocculant into slurry 19, after which the slurry

becones a floccul ated aqueous paperneking slurry 23. Pref erably,
the fl occul ated short-fiber based aqueous papermaking slurry 23 is
directed to the creped papermaking process illustrated in Figure 1 and is

divided into two approxi mately equal streanms which are th ed into
headbox cdeﬂ@V@“%g and 83 ultimately evolving into of f- %gﬂn%g%ﬁgéde | ayer
75 and Yankee-si de-layer 71, respectively of the strong, soft, |ow
dusting, filled creped tissue paper. Sim3Rarly, the agueous flocculated

| ong papernmaking fiber slurry 22, referring to Figure 2, is preferably
directed i nto headbox chanber 82b ultimtely evolving into center |ayer 73
of the strong, soft, low dusting, filled creped tissue paper. The

fol I owi ng di sreped tissuecpaper with P&raeu&snﬁface bonding propleelies) e Thess plefarfed S
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fibers. Thesurr¥|s con option
through a refMads te 'Mﬂully devel op t he strength potentlal of the long
papermaki ng fibers. Additive pipe 27 conveys a resin to provide for wet or

d t th,
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PCT/ US96/ 163@00f 84, and a Fourdrmler wnre 85 which is looped over and @bout breast roll
Still rlef errigey deflebtcy 90, vhcuans sectigebugesol, Sdudtsrol 3Z.0@d A Plirafig of fine
articulate e a rsion
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di spersion o
Fourdrinier wire 85 to form thereon an embryonic web 88 comprising layers

88a, and 88b, and 88c. Dewatering occurs through the Fourdrinier wire 85
and is assisted by deflector 30 and vacuum boxes 81. As the Fourdrinier
wire makes its return run in the direction shown by the arrow, showers 85
clean it prior to its commencing another pass over breast roll 86. At web
transfer zone 93, the embryonic web 88 is transferred to a foraminous
carrier fabric 96 by the action of vacuum transfer box 97. Carrier fabric 96
carries the web from the transfer zone 93 past vacuum dewatering box 98,
through blow-through predryers 100 and past two turning rolis 101 after
which the web is transferred to a Yankee dryer 108 by the action of
pressure roll 102. The carrier fabric 96 is then cleaned and dewatered as it
completes its loop by passing over and around additional turning rolis 101,
showers 103, and vacuum dewatering box 105. The predried paper web is
adhesively secured to the cylindrical surface of Yankee dryer 108 aided by
adhesive applied by spray applicator 108. Drying is completed on the steam
heated Yankee dryer 108 and by hot air which is heated and circulated
through drying hood 110 by means not shown. The web is then dry creped
from the Yankee dryer 108 by doctor blade 111 after which it is designated
paper shest 70 comprising 2 Yankee-side layer 71 a center layer 73, and an
off-Yankee-side layer 75. Paper sheet 70 then passes between calendar



paper maki ng fi bers. Still referring to Figure 3, a short

papermaki ng fiber slurry originates froma repository 39, fromwhich it

i s conveyed through pipe 48 by punp 40 to a point where it mxes with the
conditioned fine particulate filler slurry 38 to becone the short fiber
based aqueous wir@argaki ng slurry 41. Pipe 46 conveys an aCrCImSY6/16300

di spersion of cationic starch which mxes with slurry 41, aided by in
line mxer 50, to formflocculated slurry 47. Wite water 29 is directed
into the flocculated slurry which mxes in 8an punp 42 to becone t he
dilute floccul ated short fiber based aqueous papernmaking slurry 43.

Optional ly, pipe 44 conveys additional flocculant to increase the |evel of
flocculation of dilute slurry 43 formng slurry 45. Pref erably,

t hef shoréI paper ralls T2 aher13;/abouy aldirdunciardritial portidn 6f reedhnﬁphgd thé;xdgh_e
preferrea paper [ t | Ivided Into
two appr oxi nat e@ﬁé{g&gfg gtq'?’gzsa'r;lsd %?c%&gﬁgﬂﬁgﬁé%ﬁi%%ggﬁﬁﬂt% headbox
chanbers 82 and 83 ultinmately evolving into of f-Yankee-side-I|ayer 75 and

;(alnlke'g- si de- lja%/_er 7 $till refepeng :w;eligureﬂ,tthe gehesio of Yankée-sideagiers? 1 09 paper
illed crepe APfle 4 y
33, referri ngkltﬁéé)éiggur e egf’uﬁugh ﬁ?r’%erda%{@u@?pggp @ﬁ&ﬁ%ﬁéﬂ%g@?@%gﬁé‘%ér
82b  ul ti nat el §nWHGh furnish is applied diregiy tothe Foutdrinier wisa B5 wihwereuponit
dusting, filledbecemestiyeri8Beusf grapsionic web 88. The genesis of the centerlBger
Creped Paper mk?@%f?ﬁ%?%eet 70 is the fnﬁ'h%wtfeligienle% ﬁ-r@?ﬁ?@ﬁéﬂnﬁetf gf{?egp ntation
illustrating a cre paper maki ng  process for é)ro I Ng a strong, soft,
and | ow dusti nghp;qpq%su and whiclyfurgish forms layer 88b on top of layer 88c. The

PCT/ US96/ ﬁag_oo genesis of the off-Yankee-side layer 75 of paper she@?70 is éh& f@:ﬁ%ﬁd_t i ssue
DGttt o i S bR oS8 ] SHIGF anSR e
Figure 1. layer 88a on top of layer 88b of embryonic web 88. Although Figure 1
shows papermachine 80 having headbox 81 adapted to make a three-layer
web, headbox 81 may alternatively be adapted to make other multi-layered
tissue webs having different numbers of layers. One embodiment of the
present invention is achieved by relegating the fine particulate filler to the
furnish resulting in layer 88b; thereby increasing the retentive efficiency of

the papermaking process.

Further, with respect 1o making paper sheet 70 embodying the present
invention on papermaking machine 80, Figure 1, the Fourdrinier wire 85
must be of a fine mesh having relatively small spans with respect to the
average lengths of the fibers constituting the short fiber furnish so that good
formation will occur; and the foraminous carrier fabric 96 should have a fine
mesh having relatively small opening spans with respect to the average
lengths of the fibers constituting the long fiber furnish to substantially
obviate bulking the fabric side of the embryonic web into the inter-
filamentary spaces of the fabric 96. Also, with respect to the process
conditions for making exemplary paper sheet 70, the paper web is
preferably dried to about 80% fiber consistency, and more preferably to
about 95% fiber consistency prior to creping.

The present invention is applicable to creped tissue paper in general,
including but not limited to conventionally felt-pressed creped tissue paper;



Figure 1 is a side elevational view of a preferred papermaki ng nmachi ne 80
for manufacturing paper according to the present invention. Referring to
Figure 1, papernaki ng nmachine 80 conprises a | ayered headbox 81 having a
top chanber 82 a center chanmber 82b, and a bottom chanber 83, a slice
roof 84, andwbhdmu4edri nier wire 85 which is | ooped over. ancecataménddveast
roll 86, deflector 90, vacuum suction boxes 91, couch roll 92, and a
plurality of turning rolls 94. I n operation, one papernaking furnish is
punped t hr ough top chanber 82 a second pxpernmaki ng furnish is punped

t hrough center chanmber 82b, while a third furnish is punped through
bott om chanber 83 and thence out of the slice roof 84 In over and under
relation onto Fourdrinier wire 85 to formthereon an enbryonic web 88

conpri sing | ayhigh bulidpatteandedsified erehedSissuReupet AMODhighBUIR, dkddrhiskttbde
Fourdrinier wge gémsa&gahﬂ assisted by deflector 90 and vacuum boxes 91.
As the Fourdrrnrg kes its return run in the direction shown by
the arrow, showers 95 clean it prior to its comenci ng anot her pass over

breast roll 86. At 'ﬂbréoflﬂed cmpaﬂetissnermpeawdblsmfahbw@sém inEdntioh hdve a

transferred t r 4 ' a m
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ryer y i 2SSur ric i's

t hen cl eaned a%v%%\%\'/a%ugdmag% wnd aethle :{Oé | tsa?gp%fgéé‘ﬁag@a r and
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surface of Ya 2] cat or
109. Drying |ghg§nﬁ+¥ﬁ %Od%rﬁhg%tgv\é%n a%%l'}gt%| ed kede%g? Wtﬁgy%@dgﬂbél hot
air whichis H@&FEB’%?FG"!M-&%W&@B@DOUSQF%@W“ 110 by neans not
shown. The web is then dry creped fromthe Yankee dryer 108 by doct or

ke i da | ayor e bleski HRphS0E rund WilioalEss oamRSHles. o

Paper sheet 70P3RGEVERS SE§SHE%€H"§§I"@PM from layered,pengs websare

PCT/ US96/ 16300descnbed in U.S. Patent 3,994,771, Morgan, Jr. et al. i§sued Noveérabérs3d, 12

and 1 13, Oagogr?fe SIS BHGHERD, A G0 OB aBlioh ShadePNofh b 9 Tab,

Patent No 4 166 001, Dunmng et al., issued August 28, 1979, and

European Patent Publication No. 0 613 979 A1, Edwards et al., published
September 7, 1994, all of which are incorporated herein by reference. The
layers are preferably comprised of different fiber types, the fibers typically
being relatively long softwood and relatively short hardwood fibers as used
in multi-layered tissue paper making. Multi-layered tissue paper webs
suitable for the present invention comprise at least two superposed layers,
an inner layer and at least one outer layer contiguous with the inner layer.
Preferably, the muiti-layered tissue papers comprise three s(:perposed layers,
an inner or center layer, and two outer layers, a Yankee side outer layer and
an off-Yankee side outer layer with the inner layer located between the two
outer layers. The Yankee side outer layer is so named because it forms the
surface whcih contacts the Yankee dryer surface. The two outer layers
preferably comprise a primary filamentary constituent of relatively short
paper making fibers having an average fiber length between about 0.5 and
about 1.5 mm, preferably less than about 1.0 mm. These short paper
making fibers typically comprise hardwood fibers, preferably hardwood
Kraft fibers, and most preferably derived from eucalyptus. The inner layer



Still referring to Figure 1, the genesis of Yankee-side |ayer 71 of paper
sheet 70 is the furnish punped through bottom chanber 83 of headbox 81

and which furnish is applied directly to the Fourdrinier wire 85 whereupon
it beconmes | ayer 88c of enbryonic web 88. The genesis of the center |ayer
73 of paper sMEe/M?®4i s the furnish delivered through chanbdiCTAIS9¢16390
headbox 81, and which furnish forns | ayer 88b on top of |ayer 88c. The
genesi s of the off-Yankee-side |ayer 75 of paper sheet 70 is the furnish
delivered through top chanber 82 of headbox381, and which furnish forns

| ayer 88a on top of |ayer 88b of enbryonic web 88. Although Figure 1

shows papermachi ne 80 havi ng headbox 81 adapted to nmake a three-| ayer

web, headbox 81 may alternatively be adapted to nake other nulti-Iayered
ti ssue webs havipﬁ@yeéﬁbflv SPEMrisAs gtrinanys filpmpestary constinient of nelatively long:
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preferably drie t l@ % {1 ber consistency, and nore preferably to
about 95% fi berq(a:;(aﬁesélaglt(a A gxﬁa&gf to creping. The present

[ nvent [ on is appli ca-bﬁgcpébegr@gg@q dép%?'ﬁ?odl?d%?rmdd& ﬁ&&%ﬁiti-la bivd &gbg@ but
not limted to %gglvent I onal Lgf fel t-sorelss?d ,creé)eddt I ssue “plaé,er; . WO
97/ 17494 ue paper webs can be single-ply tissue products or lyidis8ve 6300

34 products.

The equipment and methods are well known to those skilled in the art.
In a typical process, a low consistency pulp furnish is provided in a
pressurized headbox. The headbox has an opening for delivering a thin
deposit of pulp furnish onto the Fourdrinier wire to form a wet web. The
web is then typically dewatered to a fiber consistency of between about 7%
and about 25% (total web weight basis) by vacuum dewatering.

To prepare filled tissue paper products according to those disclosed in

the present invention, an aqueous papermaking furnish is deposited on a
foraminous surface to form an embryonic web. The scope of the invention

" also includes tissue paper products resultant from the formation of multiple
paper layers in which two or more layers of furnish are preferably formed
from the deposition of separate streams of dilute fiber slurries for example in
a muiti-channeled headbox. The layers are preferably comprised of different
fiber types, the fibers typically being relatively long softwood and relatively
short hardwood fibers as used in multi-layered tissue paper making. If the
individual layers are initially formed on separate wires, the layers are
subsequently combined when wet to form a multi-layered tissue paper web.
The papermaking fibers are preferably comprised of different fiber types, the



hi gh bul k pattern densified creped tissue paper; and high bul k, unconpacted
creped ti-ssue paper. The filled creped tissue paper webs of the
present invention have a basi s wei ght of between 10 g/ n2 and about 100
g/n2. Inits preferred enbodi ment, the filled tissue paper of the present
i nvention hasygehpeds  Wei ght between about 10 g/ n2 and abpeinu&neey? and,
nost preferably, bet ween about 10 g/ n2 and about 30 g/nR. Creped tissue
paper webs suitable for the present invention possess a density of about
0.60 g/cnB or less. Inits preferred enbagginent, the filled tissue paper
of the present I nvention has a density between about 0.03 g/n8 and about
0.6 g/ nB and, nost preferably, between about 0.05 g/n8 and 0.2 g/n8.

The present invention is further applicable to multi-layered tissue paper

webs. Tissue stﬁlbgpg :fy%éiﬁﬁ' réiéﬁ%l?%ﬁ’é §9&W§raﬁm%§ﬁ‘fe %h&?%%gd)gg&b
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Publ i cati on Nofpgrf13 979 A, Edwards et al., published Septenber 7,
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In the papermaking process used to make filled tissue products
according to the present invention, the step comprising the transfer of the
semi-dry web to a Yankee dryer, the web is pressed during transfer to the
cylindrical steam drum apparatus known in the art as a Yankee dryer. The
side of web pressed against the Yankee dryer is referred to herein as the
Yankee side outer layer, wheras the side facing away fro the Yankee dryer is
referred to herein as the off-Yankee side outer layer. The transfer is
effected by mechanical means such as an oppasing cylindrical drum pressing
against the web. Vacuum may also be applied to the web as it is pressed
against the Yankee surface. Multiple Yankee dryer drums can be employed.

More preferable variations of the papermaking process for making
filled tissue papers include the so-called pattern densified methods in which
the resultant structure is characterized by having a relatively high bulk field
of relatively low fiber density and an array of densified zones of relatively
high fiber density dispersed within the high bulk field. The high bulk field is
alternatively characterized as a field of pillow regions. The densified zones



preferably conprises a primary filamentary constituent of relatively |ong
paper meking fibers having an average fiber length of |east about 2.0 nm
These | ong paper naking fibers are typically softwood fibers, preferably,
northern softwood Kraft fibers. Preferably, the mgjority of the particul ate
filler of theopwement invention is contained in at |east OPEIMB$ISHFN0 out er

| ayers of the multi-layered tissue paper web of the present invention.

I n one enbodi ment of the present invention, the majority of the
particulate filler of the present invedfion is contained in both of the
outer |ayers. in another enbodi nent of the present invention, the
majority of the particulate filler is contained in one of the outer

| ayers; specifically, in the outer |ayer originating at greatest
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fiber types, gs,ﬁfm{,b}g@ééh&%?g PQ'rEVer@ﬁéd"g relatively | ong softwod and

relatively har dwo bers as used in nulti-layered tissue paper
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ti ssue paper wéter forming tbapuebmldmg forming Jabric-rashes thaana feltofpeiwelisof

different fi bg.ixt’éii@ﬁﬁi addifist an array of'SuBports ¢8hprising the forming fabric. The

PCT/ US96/ 1630web is pressed against the array of supports, thereby resulting in densified
zones in the web at the locations geographically corresponding to the points
of contact between the array of supports and the wet web. The remainder
of the web not compressed during this operation is referred to as the high
bulk field. This high bulk field can be further dedensified by application of
fluid pressure, such as with a vacuum type device or a blow-through dryer.
The web is dewatered, and optionally predried, in such a manner so as to
substantially avoid compression of the high bulk field. This is preferably
accomplished by fluid pressure, such as with a vacuum type device or blow-
through dryer, or alternately by mechanically pressing the web against an
array of supports wherein the high bulk field is not compressed. The
operations of dewatering, optional predrying and formation of the densified
zones may be integrated or partiaily integrated to reduce the total number of
processing steps performed. The moisture content of the semi-dry web at
the point of transfer to the Yankee surface is less than about 40% and the
hot air is forced through said semi-dry web while the semi-dry web is on
said forming fabric to form a low density structure.




36 fibers typically being relatively Iong softwood and rel atively
short har dwood fibers. More preferably, the hardwood fibers conprise at
| east about 50% and said softwood fibers conprise at |east about 10% of
sai d paper naki ng fibers. In the papermaki ng process used to

make filled ﬁ.bs,;}iﬁ,products according to the present i nvegiiuseendée step
conprising the transfer of the web to a felt or fabric, e.g.,

conventionally felt pressing tissue paper, well known in the art, is
expressly included wthin the scope of thig invention. In this process
step, the web is dewatered by transferring to a dewatering felt and
pressing the web so that water is renoved fromthe web into the felt by
pressi ng operations wherein the web is subjected to pressure devel oped by
opposi ng mechani cal menbers, for exanple, cylindrical rolls. Because of the

osul tant webs. mmad T PEIHD i WBhE vohSielfan (ol Yanke B and dfer,
density and art® eafaplgtioa, praserably still eyejdingumpeebamealoressing.t inm the heasent he

web structure.ijnvention, pretdtabiyeiréin ol 5% do RbOUESE % 2edhé erdptidaridsuk! ed
ti ssue products

a r.di to d, ' tLon he step conprisin
the transfer cﬁap[eﬁg%?i%gg#?mrye%n?ﬁﬁé%&gk@égﬁvyg?r%lﬁﬁve\gggpigy g}) 8 sedg
during transf deastol 2% of e densitycef thethishbybufieldppar at us known in the art
as a Yankee dryer. The side of web pressed agai nst the Yankee dryer is

referred to herein i r . e.side facing
away fro the Yankeéﬁ‘?r ny |°§ ¥8£$§?%%r g’%fé}ghﬁe?iﬁﬁ&i@"mgé@f Ef%fﬁ(é@"@? Be
outer |ayer. Tnestarpeé displagementgfiknuckiespyhiehonanateas theagrsay of supporis
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t he paper maki rRyepiogslystefersed tedk lmgrinting cperier fabriesangagiselosedin U@ Patent
Sﬁ' cal It ed pag tm.ns.wﬁvis,eSaﬁﬁterala Siﬂsdﬁg Iigduled Jdiiabe 91 1987, u.suplatehF i's
characterize n vely g I LV ow
fiber density 'Q%-ﬁ%#‘aﬁﬁﬁy%%@é‘é'n§r Lo b Rk A 104, '{r@'grﬁt%'ﬁ‘ Nopor
density di sper3:834/P2%. Avense issugd August 10:(18767ALSK Pgterd Nde 3.52B:164%
al ternativel y rrisabaeg et akSiksasd Mdrca! 30,0191, | SV PaeditaNe. 3,473,576si fi ed
Zones Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065, Trokhan,

issued Decembar 16, 1980, and U.S. Patent No. 4,.528,239. Trokhan,

issued July 9, 1985, all of which are incorporated herein by reference.

Most preferably, the embryonic web is caused to conform to the
surface of an open mesh drying/imprinting fabric by the application of a fluid
force to the web and thereafter thermally predried on said fabric as part of a
low density paper making process.

Another variation of the processing steps included within the present
invention includes the formation of, so-called uncompacted, non pattern-
densified multi-layered tissue paper structures such as are described in U.S.
Patent No. 3,812,000 issued to Joseph L. Salvucci, Jr. and Peter N.
Yiannos on May 21, 1974 and U.S. Patent No. 4,208,459, issued to Henry
E. Becker, Albert L. McConnell, and Richard Schutte on June 17, 1980, both
of which are incorporated herein by reference. In general uncompacted, non
pattern densified multi-layered tissue paper structures are prepared by
depositing a paper making furnish on a foraminous forming wire such as a
Fourdrinier wire to form a wet web, draining the web and removing
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37 are alternatively referred to as knuckl e regions. The densified
zones may be di scretely spaced within the high bulk field or may be

I nt erconnect ed, either fully or partially, within the high bulk field.
Preferably, WR873UYMes of relatively high density are conPFHUSH463Md t he

hi gh bulk field is discrete. Pr eferred processes for making pattern
densified tissue webs are discl osed él S. Patent No. 3,301, 746, issued
to Sanford and Sisson on January 31, 9 U S. Patent No. 3,974, 025,

i ssued to Peter G Ayers on August 10, 1976, and U.S. Patent No.
4,191,609, issued to Paul D. Trokhan on March 4, 1980 and U S. Pat ent

4,637, 859, to, Pa D. . Trokh t
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fluid pressure, such as with a vacuumtype devi ce or bl ow t hrough dryer,
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specification. Tissue paper webs according to the present invention
preferably have more than about 5%, more preferably more than about
5.5%, and most preferably more than about 6% specific opacity.

The term “strength” as used herein refers to the specific total tensile
strength, the determination method for this measure is included in a later
section of this specification. The tissue paper webs according to the
present invention are strong. This generally means that their specific total
tensile strength is at least about 0.25 meters, more preferably more than
about 0.40 meters.

The terms “lint” and “dust” are used interchangeably herein and refer
to the tendency of a tissue paper web to release fibers or particulate fillers
as measured in a controlled abrasion test, the methodology for which is
detailed in a later section of this specification. Lint and dust are related to
strength since the tendency to release fibers or particles is directly related to
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38 The pattern densified web is transferred to the Yankee dryer
and dried to conpletion, preferably still avoiding nechanical pressing.
In the present i nvention, preferably from about 8% to about 55% of the
creped tissuwoorpnegr surface conprises densified knuckl es HCaIS96/16300
relative density of at | east 125% of the density of the high bulk field.
The array of supports is preferably an mprgnting carrier fabric having a
patterned di spl acenent of knuckles which operate as the array of supports
which facilitate the formation of the densified zones upon application of
pressure. The pattern of knuckl es constitutes the array of supports
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pattern densified nulti-layered tissue paper structures are prepared by
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any application where soft, absarbent multi-layered tissue paper webs are
required. Particularly advantageous uses of the multi-layered tissue paper
web of this invention are in toilet tissue and facial tissue products. Both
single-ply and multi-ply tissue paper products can be produced from the
webs of the present invention.

The Soft Filled Tissue Paper with Biased Surface Properties

Figure 4 is a schematic representation of one embodiment of the soft
tissue paper of the present invention revealing the structure of the various
layers of the creped tissue paper.

Referring to Figure 4, inner layer 120 is located between Yankee side
layer 121 and off-Yankee side layer 122. Inner layer 120 predominately
contains softwood fibers 123, while each of the outer layers 121 and 122
predominantly contain hardwood fibers, 125.
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wat er wi t hout mechani cal conpression until the web has a fi ber

consi stency of at |east 80% and creping the web. Water is renoved from
the web by vad@®ddat eri ng and thermal drying. The resul t iRF/E96ABMUr e
is a soft but weak high bulk sheet of relatively unconpacted fibers.

Bondi ng material is preferably applied to portions of the web prior to
crepi ng. The advantages related t#lthe practice of the present

i nvention include the ability to reduce the amount of papernaking fibers
required to produce a given anount of tissue paper product. Further, the
opti cal properties, particularly the opacity, of the tissue product are

i mproved. These adﬁaﬁtmg@@uiateef:l?;;axaru@qs |1R4aﬁf9|n§eﬁaeam'ﬁ|lmatedam obtech has a
high level  of |arengt anant22 Sad@"ﬁdi'ﬂéﬁlb in one aspect of the lb\?%r{ﬂonomc' ty as

ransm g 11 Gspe st BB atefieal ¥ el 82 o che visibi e porti on

of the el ectronmagnetic spectrum The "specific opacity” is t he neasure of
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i ssue paper we su
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Ti ssue paper welsshighencthanyhen mmummwesmm layer 122.ef Ehisli$ y have nore
than about 5% Sw@nﬂrsﬁbartﬁbbwnﬁmrrﬁg ieBél'baﬂBmgtm Ia\}'—ér5fé1 ?éi&nia)?& PS}BPEQEab' y

nore t han about spe rm" st as. used
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met hod for thi samﬁéeﬂs Examplescofi means incliude reivinigathedurnisih composition
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are strong. Thi eir ecl tensi

strength is at ﬁ?egg?sg ben‘gg"s'né'ﬁ'apég%?‘é %Féf’@ﬂa‘bl y more than about
0.40 neters. The terns "lint" and "dust' are used interchangeably
herein and refer to the tendency of a tissue paper web to release fibers
or particulate fillers as neasured in a controlled abrasion test, the

met hodol ogy for which is detailed in a |ater section of this
specification. Lint and dust are related to strength since the tendency to
rel ease fibers or particles is directly related to

Analytical and Testing Procedures
A. Density

The density of multi-layered tissue paper, as that term is used herein,
is the average density calculated as the basis weight of that paper divided
by the caliper, with the appropriate unit conversions incorporated therein.
Caliper of the multi-layered tissue paper, as used herein, is the thickness of
the paper when subjected to a compressive load of 95 glin2 (15.5 g/cm2).

B. Molecular Weight Determination
The essential distinguishing characteristic of polymeric materials is

their molecular size. The properties which have enabled polymers to be
used in a diversity of applications derive aimost entirely from their macro-
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to which such fibers or particles are anchored into the structure. As
the overall level of anchoring is increased, the strength wll be
increased. gdMBYHRr, it is possible to have a level of Stﬁreﬂﬁﬁﬂnm&(?h S
regarded as accept abl e but have an unacceptable |level of linting or
dusting. This is because linting or dusting can be |ocalized. For
exanpl e, the surface of a ti ssue paper #&b can be prone to linting or
dusting, while the degree of bondi ng beneath the surface can be
sufficient to raise the overall |evel of strength to quite acceptable

| evel s. In another case, the strength can be derived froma skel eton of
rel atively | onghqagdpnaaiung inigrdesto ghanagterizedully thesenmstesials iKds pasantialil at e
filler can be ito%avéisehiinelindevdefininghant deRrmining thdiemoleculdtowbightsSshd

ti ' ; ' t I I
nine 0t nbaeffie nbig ditrblfiph R g d KERBLLR B8 et e of
t he Yankee- si déqigeulahmags rathgn ke malepulamweight.abthellatiar is ysesk mors| e;
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e multi-layer . ; is jipvention can be used in  an
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web of this inerpidssimgamblechlar Qizedh teirns oF mdlecdidcinalgHtisversgdsl oduct s. Both
single-ply and nulti-ply tissue paper products can be produced fromthe

webs of the present invention. The Soft Filled Tissue Paper
with Biased Surface Maipewlar Weight AveragesFigure 4 is a schematic
representation of one enbodi nent of the soft ti ssue paper of the present
I nvention reveal i ng,t structure of the various layvers of the crepe

ti ssue paper. {f \DS cﬂgf%ﬁ %r‘w“{’ {? ‘PPSWE”I}' 9'9%8??’?"&%% ‘_“['fffl?'\ rsepﬁ;%ggsed
bet ween YankeetRg§ weight fragtion (vl of mpleeyles haviag relagive| molgcutap massril. it ayer
120 predom nat @ possibleé adidufing sevbtaledfdliaverdgelvaiues MMieRagingtapfied Bat BHL €F

layers 121 andyl2gasis dF'tRE WIS 0 mERELRS INJ BN BEYichi? S (Mif Bives the

Number Average Molecular Weight

n = RNNiM
N Ni

An important consequence of this definition is that the Number
Average Molecular Weight in grams contains Avogadro’s Number of
molecules. This definition of molecular weight is consistent with that of
monodisperse molecular species, i.e. molecules having the same molecular
weight. Of more significance is the recognition that if the number of
molecules in a given mass of a polydisperse polymer can be determined in
some way then p, can be calculated readily. This is the basis of colligative
property measurements.

Averaging on the basis of the weight fractions {(Wij) of molecules of a
given mass (M) leads to the definition of Weight Average Molecular Weights

wo= RWiNi = RN M2
R Wi RN Ni Mi
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Fine particulate filler particles 124 are preferably |located in outer

| ayers 121 and 122, and, particularly in one aspect of the invention are
restricted awdem7e#8 practical to the |ayer 122, POTAISge B¢  of
bonding in layer 121 is controlled to be less than in | ayer 122 such that
the lint value when neasured with respect to |ayer 121 i s higher than
when neasured with respect to | ayer 122. Hisis acconpl i shed by
pronoting |less bonding in layer 121 relative to | ayer 122, Those skilled
in the art wll recognize specific nmeans by which this can be
acconpl i shed. Exanpl es of neans include refining the furnish conposition
for layer 121 to | ewds @chpeacusefy| mganedar exnigsing pelymer replgeular ivweightser
121, or by athiinngsincedteefieshs hioré agcurgesly suoch lpryertid® &s melt viscosity and
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of multi-layered tissu per, termis used el n, e average
density cal cul WU t he basis wei ght of that paper divided by the
caliper, with the appropriate unit conversions incorporated therein.
Caliper of the multi-layered tissue paper, as used herein, is the thickness
of the paper when subjected to a conpressive load of 95 g/in2 (15.5

g/ cnR). C. Filler Particle Size Determination

Particle size is an important determinant of performance of filler,
especially as it relates to the ability to retain it in a paper sheet. Clay
particles, in particular, are platy or blocky, not spherical, but a measure
referred to as "equivalent spherical diameter" can be used as a relative |
measure of odd shaped particles and this is one of the main methods that
the industry uses to measure the particle size of clays and other particulate
fillers. Equivalent spherical diameter determinations of fillers can be made
using TAPPI Useful Method 655, which is based on the Sedigraph° analysis,
i.e., by the instrument of such type available from the Micromeritics
Instrument Corporation of Norcross, Georgia. The instrument uses soft x-
rays to determine gravity sedimentation rate of a dfspersed slurry of
particulate filler and employs Stokes Law to calculate the equivalent
spherical diameter.

D. Filler Quantitative Analysis in Paper

Those skilled in the art will recognize that there are many methods for
quantitative analysis of non-cellulosic filler materials in paper. To aid in the
practice of this invention, two methods will be detailed applicable to the
most preferred inorganic type fillers. The first method, ashing, is applicable
to inorganic fillers in general. The second method, determination of kaolin
by XRF, is tailored specifically to the filler found particularly suitable in the
practice of the present invention, i.e. kaolin.

Ashing

Ashing is performed by use of a muffie furnace. In this method, a four
place balance is first cleaned, calibrated and tarred. Next, a clean and
empty platinum dish is weighed on the pan of the four place balance.



B. Mol ecul ar Wei ght Determ nation The essential distinguishing
characteristic of polyneric materials is their nolecular size. The
properties which have enabl ed polyners to be wused in a diversity of

applications derive alnost entirely fromtheir nmacro- WO 97/ 17494
PCT/ US96/ 163Q% 97/17494 42 POTI3664 6300
nature. In order to characterize fully these nmaterials it is essential to

have sone nmeans of defining and determ ning their nol ecular weights and

nol ecul ar wei ght distributions. It is nored4dorrect to use the termrelative
nol ecul ar mass rather the nol ecul ar weight, but the latter is used nore
generally in polyner technology. It is not always practical to determ ne
nol ecul ar wei ght distributions. However, this is becom ng nore common
practice usi ng Rekouhtheoyeigiitial the @mptyudatinuRatdis in umitoof gmmsstortaeteno

| h
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several useful tﬁé’?érﬁ%dé%h&ﬂ‘?s graging carried out on the basis of the
nunber of nol ecules (Ni) of pngr!tlcul ar size (M) gives the Nunber
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recogni tion t hatustfbet prepatetheAfet the flame from this pre-ashing step has subsided,

place the sample in the muffle furnace. The muffle furnace should be at a
temperature of 575 C. Allow the sample to completely ash in the muffle
furnace for approximately 4 hours. After this time, remove the sample with
thongs and place on a clean, flame retardant surface. Allow the sample to
cool for 30 minutes. After cooling, weigh the platinum dish/ash combination
in units of grams to the ten-thousandths place. Record this weight.

The ash content in the filled tissue paper is calculated by subtracting
the weight of the clean, empty platinum dish from the weight of the
platinum dish/ash combination. Record this ash content weight in units of
grams to the ten-thousandths place.

The ash content weight may be converted to a filler weight by
knowledge of the filler loss on ashing (due for example to water vapor loss
in kaolin}. To determine this, first weigh a clean and empty platinum dish on
the pan of a four place balance. Record the weight of the empty platinum
dish in units of grams to the ten-thousandths place. Without re-tarring the
balance, approximately 3 grams of the filler is carefully poured into the
platinum dish. The weight of the platinum dish/filler combination is recorded
in units of grams to the ten-thousandths place.

This sample is then carefully placed in the muffle furnace at 575 C.
Allow the sample to compietely ash in the muffie furnace for approximately
4 hours. After this time, remove the sample with thongs and place on a
clean, flame retardant surface. Allow the sample to cool for 30 minutes.



nol ecules in a given mass of a pol ydi sperse pol yner can be determ ned in
sone way then n, can be calculated readily. This is the basis of
colligative property neasurenents. Aver agi ng on the basis of the
wei ght fractions (W) of nolecules of a given mass (M) leads to the
definition =foaireggat Aver age Ml ecul ar Wi ghts [err] PCT/US6/16389
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43 wis a nore useful means fongsexpressing pol yner nol ecul ar

wei ght s than n since it reflects nore accurately such properties as nelt
vi scosity and mechani cal properties of polyners and is therefor used in

t he present I nventi on. C. Filler Particle Size Determ nation
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especially as it r |t¥ to ret,ahn It 1n a paper “sheet. d ay
particles, in thatendipysandtheplacs \ReGOTd s Weighlt spherical, but a neasure
referred to as "equival ent spherical diameter” can be used as a relative
measure of odd shapef g ing!fcaitdotdon dshirkf b drigfhdrHier SRhBRANIAG!
the industry uses to neasure the particle size of clays and other

particul ate the/fPlewingeaHalionant spherical di ameter deterninations of
fillers can be made usi ng TAPPI Useful Method 655, which is based on the
Sedi graph[ err] lysis., i by Ce | s Of caS : c

fromthe Mcroneq’?ﬁ’ts%l%"sas"'mln (TPENT. - Cor 50 Of NOT CT 085, GEor
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di spersed slurry of particulate filler and enploys Stokes Law to
cal cul ate the Gausy RlsEYn ashimd' il kst i 798 §5%. The original ash weight in

units of grams can then be converted to a filler weight in units of grams
with the following equation:

Weight of Filler (g) = Weight of Ash {(g)
[1 - (% Loss on Ashing/100)]

The percent filler in the original filled tissue paper can then be calculated as
follows:

% Fillar in Tissue Paper = Woeight of Filter (g) x 100
[{Weight of Platinum Dish&Paper} - (Weight of Platinum Dish}]

Determination of Kaolin Clay by XRF

The main advantage of the XRF technique over the muffle furnace
ashing technique is speed, but it is not as universally applicable. The XRF
spectrometer can quantitate the level of kaolin clay in a paper sample within
5 minutes compared to the hours it takes in the muffie furnace ashing
method.

The X-ray Fluorescence technique is based on the bombardment of
the sample of interest with X-ray photons from a X-ray tube source. This
bombardment by high energy photons causes core level electrons to be
photoemitted by the elements present in the sample. These empty core
levels are then filled by outer sheli electrons. This filling by the outer shell



D. Filler Quantitative Analysis in Paper Those skilled in the art
w Il recognize that there are many nethods for quantitative analysis of

non-cellulosic filler materials in paper. To aid in the practice of this
i nvention, two nethods will be detailed applicable to the nost preferred

i norgani ¢ tYyR&y é47kggr - The first method, ashing, is appli cgbl8soshé3oo
inorganic fillers in general. The second nethod, determ nation of kaolin

by XRF, is tailored specifically to the filler found particularly suitable
in the practice of the present invention, 46.e. kaolin. Ashi ng
Ashing is performed by use of a nuffle furnace. In this nethod, a four

pl ace balance is first cleaned, calibrated and tarred. Next, a clean and
enpty platinumdish is weighed on the pan of the four place bal ance.
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for 30 ninutes andralwninumy The pagicyler Mrtay.Fluprascencs instrument aised imthisn
clay analysis is a Spectrace 5000 made by Baker-Hughes Inc. of Mountain

View, California. The first step in the quantitative analysis of clay is to
calibrate the instrument with a set of known clay filled tissue standards,
using clay inclusions ranging from 8% to 20%, for example.

The exact clay level in these standard paper samples is determined
with the muffle furnace ashing technique described above. A blank paper
sample is also included as one of the standards. At least 5 standards
bracketing the desired target clay level should be used to calibrate the
instrument.

Before the actual calibration process, the X-ray tube is powered to
settings of 13 kilovoits and 0.20 milliamps. The instrument is also set up to
integrate the detected signals for the aluminum and silicon contained in the
clay. The paper sample is prepared by first cutting a 2" by 4" strip. This
strip is then folded to make a 2" X 2" with the off-Yankee side facing out.
This sample is placed on top of the sample cup and held in place with a
retaining ring. Duiing sample preparation, care must be taken to keep the
sample fiat on top of the sample cup. The instrument is then calibrated
using this set of known standards.

After calibrating the instrument with the set of known standards, the
linear calibration curve is stored in the computer system’s memory. This



inunits of grans to the ten-thousandths place. Record this weight.

The ash content in the filled tissue paper is calculated by subtracting
the wei ght of the clean, enpty platinumdish fromthe weight of the

pl ati num di sh/ash conbi nati on. Record this ash content weight in units of
grans to theygenréshousandt hs pl ace. The ash contRETUSHEIZM: ray be
converted to a filler weight by know edge of the filler |oss on ashing
(due for exanple to water vapor |oss in _kaolin). To determi ne this,
first weigh a clean and enpty platinum di ¢ on the pan of a four place
bal ance. Record the weight of the enpty platinum dish in units of grans
to the ten-thousandths place. Wthout re-tarring the bal ance,
approximately 3 grans of the filler is carefully poured into the
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in these CD and MD directions.

E. Measurement of Tissue Paper Lint

The amount of lint generated from a tissue product is determined with
a Sutherland Rub Tester. This tester uses a motor to rub a weighted feit 5
times over the stationary toilet tissue. The Hunter Color L value is measured
before and after the rub test. The difference between these two Hunter
Color L values is calculated as lint.

SAMPLE PREPARATION:

Prior to the lint rub testing, the paper samples to be tested should be
conditioned according to Tappi Method #T4020M-88. Here, samples are
preconditioned for 24 hours at a relative humidity level of 10 to 35% and
within a temperature range of 22 to 40 °C. After this preconditioning step,
samples should be conditioned for 24 hours at a relative humidity of 48 to
52% and within a temperature range of 22 to 24 °C. This rub testing
should also take place within the confines of the constant temperature and
humidity room.

The Sutherland Rub Tester may be obtained from Testing Machines,
Inc. {Amityville, NY, 11701). The tissue is first prepared by removing and



with the foll ow ng equation: Weight of Filler (g) = Wi ght

of Ash (g)) [1 - (% Loss on

Ashi ng/ 100) ] The percent filler in the original filled tissue paper
can then be cal cul ated as fol |l ows: % Filler in Tissue Paper =

Vi ght of Fi ibegrae@h x 100 ((\Veight of Riaiisosriesoo

D sh&Paper) - (Weight of Platinum Dish)] Determ nation of Kaolin Cay
by XRF The mai n advantage of the XRF techni que over the muffle
furnace ashing technique is speed, but i is not as universall y
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determine the testthe sides facing one another on the inside of the product. For the
single-ply product, make up 3 samples with the off-Yankee side out and 3
with the Yankee side out. Keep track of which samples are Yankee side out

and which are off-Yankee side out.

Obtain a 30" X 40" piece of Crescent #300 cardboard from Cordage
Inc. {800 E. Ross Road, Cincinnati, Ohio, 45217). Using a paper cutter, cut
out six pieces of cardboard of dimensions of 2.5 X 6". Puncture two holes
into each of the six cards by forcing the cardboard onto the hold down pins
of the Sutherland Rub tester. ‘

If working with single-ply finished product, center and carefully place
each of the 2.5" X 6" cardboard pieces on top of the six previously folded
samples. Make sure the 6" dimension of the cardboard is running parallel to
the machine direction (MD) of each of the tissue samples. If working with
multi-ply finished product, only three pieces of the 2.5" X 6" cardboard will
be required. Center and carefully place each of the cardboard pieces on top
of the three previously folded samples. Once again, make sure the 6"
dimension of the cardboard is running paraliel to the machine direction {(MD)
of each of the tissue samples.

Fold one edge of the exposed portion of tissue sample onto the back
of the cardboard. Secure this edge to the cardboard with adhesive tape
obtained from 3M Inc. (3/4" wide Scotch Brand, St. Paul, MN). Carefully
grasp the other over-hanging tissue edge and snugly fold it over onto the
back of the cardboard. While maintaining a snug fit of the paper onto the



energy of the inpinging photons and thus the identify the el enents present
In the sanple. The elenents fromsodiumto uraniumnmay be identified in
nost sanple matrices. In the case of the clay fillers, the
detected el enents are both silicon and al um num The particular X-ray

Fl uorescence iwebrament used in this clay analysis is a SpeCr/usses#63¥000
made by Baker-Hughes Inc. of Mountain View, California. The first step in
the quantitative analysis of clay is to c%gibrate the instrunent with a
set of known clay filled tissue standards, using clay inclusions ranging
from8%to 20% for exanple. The exact clay level in these

st andard paper sanples is determ ned with the nuffle furnace ashing

t echni que described, above. . A bl ank paper sanple is also included as one
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T RATION;

Obtain a 30" X 40" piece of Crescent #300 cardboard from Cordage
Inc. (800 E. Ross Road, Cincinnati, Ohio, 45217). Using a paper cutter, cut
out six pieces of cardboard of dimensions of 2.25" X 7.25". Draw two lines
parallet to the short dimension and down 1.125" from the top and bottom
most edges on the white side of the cardboard. Carefully score the length
of the line with a razor blade using a straight edge as a guide. Scoreittoa
depth about half way through the thickness of the sheet. This scoring
allows the cardboard/felt combination to fit tightly around the weight of the
Sutherland Rub tester. Draw an arrow running parallel to the long dimension
of the cardboard on this scored side of the cardboard.

Cut the six pieces of black felt {(F-55 or equivalent from New England
Gasket, 550 Broad Street, Bristol, CT 06010} to the dimensions of 2.25" X
8.5" X 0.0625." Place the felt on top of the unscored, green side of the
cardboard such that the long edges of both the felt and cardboard are
parallel and in alignment. Make sure the fluffy side of the felt is facing up.
Also allow about 0.5" to overhang the top and bottom most edges of the
cardboard. Snugly fold over both overhanging feit edges onto the backside



off fromits known clay content), the instrunent is subjected to trouble-

shooting and/or re-cali brated. For every paper-making condition,
the clay content in at |east 3 unknown sanples is determ ned. The
average and standard deviation is taken for these 3 sanples. If the clay
appl i cati onwplggfagyre i s suspected or intentionally setprpRicbe¥@’y the
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(MD) of the paper, nore sanples should be neasured in these CD and MD
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As described below and before any rubbing has taken place, obtain
Hunter L readings for each of the 24 cardboard/felt sampies of the new and
old lots of felt. Calculate the averages for both the 24 cardboard/felt
samples of the old lot and the 24 cardboard/felt samples of the new lot.

Next, rub test the 24 cardboard/felt boards of the new lot and the 24
cardboard/felt boards of the old lot as described below. Make sure the
same tissue ot number is used for each of the 24 samples for the old and
new lots. In addition, sampling of the paper in the preparation of the
cardboard/tissue samples must be done so the new lot of felt and the old lot
of felt are exposed to as representative as possible of a tissue sample. For
the case of 1-ply tissue product, discard any product which might have
been damaged or abraded. Next, obtain 48 strips of tissue each two usable
units (also termed sheets) long. Place the first two usable unit strip on the
far left of the lab bench and the last of the 48 samples on the far right of
the bench. Mark the sample to the far left with the number 1" ina 1 cm
by 1 cm area of the corner of the sample. Continue to mark the samples
consecutively up to 48 such that the last sample to the far right is numbered
48,

Use the 24 odd numbered samples for the new felt and the 24 even
numbered samples for the old felt. Order the odd number samples from
lowest to highest. Order the even numbered samples from lowest to
highest. Now, mark the lowest number for each set with a letter "Y." Mark



di scardi ng any product which m ght have been abraded in handling, e.g. on
the outside of the roll. For multi-ply finished product, three sections

W th each containing two sheets of nmulti-ply product are renoved and set
on the bench-top. For single-ply product, six sections with each

cont ai ni ng t wwoomsdeeet s of single-ply product are renoved RCANUSEH16304 t he
bench-top. Each sanple is then folded in half such that the crease is
runni ng al ong the cross direction (CD) of the tissue sanple. For the
multi-ply product, nmake sure one of the Sides facing out is the sane
side facing out after the sample is folded. In other words, do not tear
the plies apart from one another and rub test the sides facing one

anot her on the inside of the product. For the singl e-ply product, make
up 3 sanpl es wi tthe tneet bfghe¥ankmbes nwdth thet letted *Q." Costinuet rharkifeg ireesamgles

out. Keep track .Rﬁh;w|@n1am33* "6" %aﬁ%ﬂﬁggflsé'tﬁg “wtsameplé%‘@‘gémea{l%%t

of f - Yankee si de scent

cardboard from @GF gg@lgses apg the QOCFaE‘p'ﬁJE‘éf ‘Fff)‘génk@ stderintianalwsgso Fond217) .
Usi ng a paper cuyiy produtt) there arg néiwxa potat et 24fsatrpied furr tthe afevd igtagtfeRiandof

2.5" X6". P ' ' th
car dboar d on?gcgﬂé é;‘ﬁgdg%ﬁ Of 1H|§‘§2 Fﬁ%} q% %ﬁﬁvﬁgﬁr%fcﬁég%t@g' {85&\,&9 ©
I'f working with288nt# arefar qff |a§h%'?js'ﬁiedﬂﬁ@f‘a‘fét§'lter and carefully place

each of the 2.5" X 6" cardboard pieces on top of the six previously fol ded

sanpl es. Make sure tﬁs?%&d%gsmqneyﬁaﬁmw&%& It A SRR G ! O

the nachine directio I SSUe sa

mul ti-ply finisi9idTeltasidescribad Delow: cBegnrd the 1 @'NEGQZS'QB Hurger €glogboar d
will be requivaiks foethebldafelt. CAveriagktlie [1122eslu€niC Redbrd tife T20MbVafikbe

pi eces on top s uidferlCHGR, UBRKs PG SR RS AAURLE She FulRR! BunlBle

sure the 6 | Mensi on
machi ne directi &he BNespge inigigl uawubbed HHE‘Q’ Q‘!!%"e § Frﬁﬁf’s!“g from the averagg| ¢

onedgdgedof t he HumersEdiop & feadingdfor the Yaakea sideaubbéd saipldsackhis iothé he .
romant i nc. . ( apaite Avardterieferichton he Vakds oo hefibles SpolABE e Svidbd ]
ot her over- hangi‘ﬂiﬁ%‘i’ké‘-&@%@m&ﬁ@%dg fe)t rapding frogythe ayarage "tefbﬁﬁlkf bf
the cardboard. Yéadisg fov thecofiYapkae Siedrubbld Faniphes. PTAR' is Ahé AeltB@verage
X\g 97/ 17494 difference for the off-Yankee side samples. Calculate the sunE 9}' Ilrésgg{tawc)’oo

average difference for the Yankee-side and the delta average difference for

the off-Yankee side and divide this sum by 2. This is the uncorrected lint

value for the old feit. If there is a current felt correction factor for the oid

feit, add it to the uncorrected lint value for the old felt. This value is the

corrected Lint Value for the old felt.

Rub and measure the Hunter Color L values for all 24 sampies of the
new felt as described below. Record the 12 Yankee side Hunter Color L
values for the new felt. Average the 12 values. Record the 12 off-Yankee
side Hunter Color L values for the new felt. Average the 12 values.
Subtract the average initial un-rubbed Hunter Color L felt reading from the
average Hunter Color L reading for the Yankee side rubbed samples. This is
the delta average difference for the Yankee side samples. Subtract the
average initial un-rubbed Hunter Color L felt reading from the average Hunter
Color L reading for the off-Yankee side rubbed samples. This is the delta
average difference for the off-Yankee side samples. Calculate the sum of
the delta average difference for the Yankee-side and the deita average



board, tape this second edge to the back of the cardboard. Repeat this
procedure for each sanple. Turn over each sanple and tape the
cross direction edge of the tissue paper to the cardboard. One half of

t he adhesi ve tape should contact the ti ssue paper while the other half is
adhering to th dboard. Repeat this procedure for eac arrpl es.
If the tlssdé()g’é'rc?g!fe breaks, tears, or becones frayed atp%ﬁé pHame during
the course of this sanple preparation procedure, discard and make up a

new sanple with a new tissue sanpl e stri If working with
multi-ply converted product, there will now be 3 sanples on the
cardboard. For single-ply finished product, there will now be 3

of f - Yankee si de out sanples on cardboard and 3 Yankee si de out sanpl es on

car dboard. T PRE ARATI , . aj 30" " piece of
Crescent #300 eghiﬁ'i‘)%er hef &XPﬂﬁﬁ%s‘del ?@3'8560&?_5 s‘ﬂBsbSY 2&0 is {8 1€ nnat i ,
Chi o, 45217). Uscomecteddine vabugt fogrthe new felbut si x pi eces of cardboard of
di mensions of 2.25" X 7.25". Draw two |ines parallel to the short

di mensi on and dovvn_i, %‘}ﬂ m t he top and bottom s\% ?es on the white’
side of the cardboalke ?@F%E anqhe GarEacked Lint Valye frofwthg oig felt
razor bl ade usand tbhe shcairgtieddigevahse forghe dew Bdor Thistdifferemce islelps Feitbout

hal f way througgnniﬁb,{ kP st gfnet,,@g%ts(f}e@ This scoring allows the

cardboard/felt nation to |t t around the wei ght of the
Sut herl and Rub tester. Draw an arrow running parallel to the | ong di nension
of the cardboard onAdding thisofelticarrebtionf fachw toathdhowodrected lint valudfdr thee si x

pieces of bl ackedlelr doutP baliaéwtital # e chirestelUni=0ghig 1 ind B\, , 550

Broad Street, Bristol, CT 06010) to the dinensions o
0.0625." Pl ace the felt on top of the unscored, green side of the
cardboard such t hatTlueleamertgpedgesedﬁre o appliddetof Biro-phyntissimer plodactiwithe24

parallel and 'ea:ﬁbt?gwﬁ%g;ﬁ% d 28 bbbl hehéls @, B8, Bﬁ‘ytth'gs facing

up. Al so al | ow about over t om host edges of
the  cardboar 8ONSSHTY] ‘}sefdoPﬁts&ﬂPe‘aVB@t ‘Pu’gﬁ\?é? 'r?ﬁr%? ﬁﬁb F%?tF e@%@@ﬁt%"’t"ﬁe

backsi de make\Gudd the §9rhples are prepared such that a representative sample is
PCT/ US96/ 16300gbtained for the old and new felts.

CARE OF 4 POUND WEIGHT:

The four pound weight has four square inches of effective contact
area providing a contact pressure of one pound per sqhare inch. Since the
contact pressure can be changed by alteration of the rubber pads mounted
on the face of the weight, it is important to use only the rubber pads
supplied by the manufacturer (Brown Inc., Mechanical Services Department,
Kalamazoo, Mli). These pads must be replaced it they become hard, abraded
or chipped off.

When not in use, the weight must be positioned such that the pads
are not supporting the full weight of the weight. It is best to store the
weight on its side.

] R NT CALIBRAT

The Sutherland Rub Tester must first be calibrated prior to use. First,
turn on the Sutherland Rub Tester by moving the tester switch to the "cont”



50 of the cardboard with Scotch brand tape. Prepare a total of six of
t hese fel t/cardboard conbi nati ons. For best reproducibility,

all sanples should be run with the sanme | ot of felt. Cbviously, there are
occasions where a single lot of felt becones conpletely depleted. In

t hose cases wwoemaamew | ot of felt nust be  obtained, a cHROTAVEHHINT act or
shoul d be determned for the new |lot of felt. To determi ne the correction
factor, obtain a representative single tisswg sanple of interest, and
enough felt to make up 24 cardboard/felt sanples for the new and old

| ots. As descri bed bel ow and before any rubbi ng has taken pl ace,
obt ain Hunter L readings for each of the 24 cardboard/felt sanples of the

new and ol d | Qsxitidn.f Hken R @ttt fnt RAnINESHSGEoN EBEe%gg‘[gy\gﬁefﬁtSUé% e

cardboard/felt sanpl es. of the qld [,ot and tge é}dé card g
of the new | ot. teSters switgh 1o thg \gutos Rositan. Honetthetgstar 4o und BakeRbYr t he
new | ot and t he radvingathepdimtef Berhtorbtier ldegendiat toethe Uivedtpositialesettingedne

bel ow Make sur estidl is PeRglel diit Completd Yoiudrd ahd 13668 sb Ghoffdit Bt dhe Wiiri!
sanpl es for the d an ngw Qts n additLon, sanpl.i.n t he papef 1n
the preparation ﬁfe id of the M?%qucé%%ﬁ"gihﬁl"&h?‘rﬂngf'“ﬁg °8Qﬁ?§t E‘b%?ge new

| ot of felt and apezatokrdtitbe beginning andiat thex pnd efl each asstr epr esent ati ve as
possi ble of a tissue sanple. For the case of 1-ply tissue product, discard
any product which m ght have, been danmaged Br @brad d. Next, obtain 48
strips of tissue eachTeRRIe AU PaAGrQl ¢adhga e?ar%‘ﬁe@ﬁéﬁ%ﬁ'b?%ﬁﬁ!"’?ﬂ e
the first two ussmllition)preparera felbonicaedbdand sheiple as deseribedbatmaec hBathdoft he
oSt of the 48 SRR SamBlas' WA, e(isdd M cabratighCoHeSHsulfRelis b TR Be' O

t er 1 1 cm

the far left wt cmarea o e corner of

e pu n a
t he sanpl e. Contqsﬁﬂé“ttgeﬁﬁﬂk'sttl?@ %’Ia‘i‘&flaefgr t%ﬁﬁé’@ $ameles: up to 48 such that

the last sanple to the far right is nunbered 48. Use the 24 odd
nunbered sanpl es for g I ; Y t he
S sk 8ol 1 g AT OFORY el

cven nunber ed s SIBPIES MEGHIG L Beardian dbe hOKGHRWRBINS- ABS IROIEIOWRAIDE
for each set w tprewerntahecaniple froiumoving during the test. Clip the calibration
felt/cardboard sample onto the four pound weight with the cardboard side
contacting the pads of the weight. Make sure the cardboard/felt
combination is resting flat against the weight. Hook this weight onto the
tester arm and gently place the tissue sample underneath the weight/feit
combination. The end of the weight closest to the operator must be over
the cardboard of the tissue sample and not the tissue sample itself. The felt
must rest flat on the tissue sample and must be in 100% contact with the
tissue surface. Activate the tester by depressing the "push® button.

Keep a count of the number of strokes and observe and make a
mental note of the starting and stopping position of the feit covered weight
in relationship to the sample. if the total number of strokes is five and if the
end of the feit covered weight closest to the operator is over the cardboard
of the tissue sample at the beginning and end of this test, the tester is
calibrated and ready to use. If the total number of strokes is not five or if
the end of the felt covered weight closest to the operator is over the actual
paper tissue sample either at the beginning or end of the test, repeat this
calibration procedure until 5 strokes are counted the end of the felt covered
weight closest to the operator is situated over the cardboard at the both the
start and end of the test.
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PCT/ US96/ 16300 51 t he next
hi ghest nunmber with the letter "O " Continue marking the sanpl es in this
alternating Y'/"O' pattern. Use the "Y' sanples for Yankee side out i nt

anal yses andyd@7éds sanpl es for of f-Yankee side lint anal yqsysobifesool-
ply product, there are now a total of 24 sanples for the new |l ot of felt

and the old lot of felt. O this 24, twelve are for Yankee side out lint
anal ysi s and 12 are for off-Yankee side d,i nt anal ysis. Rub and
measure the Hunter Color L values for all 2% sanpl es of the old felt as
descri bed bel ow. Record the 12 Yankee side Hunter Color L val ues for the
old felt. Average the 12 val-ues. Record the 12 off-Yankee si de Hunter
Color L values for the old felt. Average the 12 val ues. Subtract t he

average initial un-rubbed Hunter Color L felt reading fromthe average
Hunt er Col or L readiWingothetartualtgrtieo of samplasy spnitofmendobservesthesstroke

del ta average (ﬁdtmelaadqaefmrttrdgean\‘md@gn@ gsint afHecteit Médiﬁe:?_‘me aver age
initial un- rubq%aw&ttﬁw@l ﬁécéss reading fromthe average Hunter Col or

L reading for t ee si e rubbed sanples. This is the delta

aver age difference for the off-Yankee side sanples. Cal cul ate the sum of
the delta wSﬁ%:n £ b ee-side and the delta average
di fference for =yt ide this sumby 2. This is the
uncorrected |int value for the old felt. If there is a current felt

correotion factor f aidsisiand!iunter C8ldr DifSferice MBter 18 HIFARE BhAdbRe! Val ue
for the oIdfeIsgl Thi,S.value is rect ed

felt. SoriAN, PP RS AEGPEIDN 10 e PEACSEYI o OWag {Totha gporarion suanual
sanpl es of the of theinsteumens ddsocrunbehe dtability clienkofod staralatdizatiork es vesles

Tgng ]ge][ %Inck)ree :hemhv%%u&ros&asm ESaékfﬁ'tﬁ.s r{é%%% eh'lfon’e%qm ﬁﬁe é?&“e@é et fl‘g

or t
val ves. o Subt Meds b o0 fion, ng fe caflettonce st B fhesked 3 foacisad if
readi ng from t inecessargr age Hunter Color L read| ng for the Yankee side
rubbed sanples. This is the del ta average di fference for the Yankee side

sanpl es. Subtract t ve e in un-ru nter felt
reading from the avgfa[fﬁet ? sw’éﬂ"gt"'aﬂer"é‘aﬁ\“ ? Stage B'F‘fe"\tbﬁkee si de
rubbed sanpl es msltmmen'epone Rtéeasx thessamplg stage imd eliew thersatripie pfate Yableece

si de sanpl es. @s@&'&h@a’éﬂ“ﬂwé%ﬁl@ port.ne delta average difference for the
Yankee-si de and the delta average

Using the "L-Y", "a-X", and "b-Z" standardizing knobs, adjust the
instrument to read the Standard White Plate Values of "L", "a”, and "b"
when the "L", "a", and "b" push buttons are depressed in turn.

MEASUREMENT OF SAMPLES:

The first step in the measurement of lint is to measure the Hunter
color values of the black felt/cardboard samples prior to being rubbed on the
‘toilet tissue. The first step in this measurement is to lower the standard
white plate from under the instrument port of the Hunter color instrument.
Center a felt covered cardboard, with the arrow pointing to the back of the
color meter, on top of the standard plate. Release the sample stage,
allowing the felt covered cardboard to be raised under the sample port.

Since the felt width is only slightly larger than the viewing area
diameter, make sure the felt completely covers the viewing area. After
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52 difference for the off-Yankee side and divide this sumby 2. This
is the uncorrected lint value for the new felt. Take the

di fference between the corrected Lint Value fromthe old felt and the
uncorrected | wotomaadose for the new felt. This difference is PCRAISPEI6300
correction factor for the new lot of felt. Adding this felt
correction factor to the uncorrected |lint vgkue for the new felt should
be identical to the corrected Lint Value for the old felt. The
sane type procedure is applied to two-ply tissue product with 24 sanpl es
run for the old felt and 24 run for the new felt. But, only the consuner

cure the sanpl osoniining Smplete ofirigt, epress Blo L Bhs IR Gt for e
obt ained for th&e2FiRg éﬂﬁ%ﬁ??‘e#i’%‘? ang recor %‘—‘a'ﬁfeﬁ&ﬁb '\ﬁEF@-FH unit.

The four pound wei ght has four square inches of effective contact ar ea
providing a contact HLpIETROhesd'fs RS IGWEr & RItCcdvardy caldbosrd Bfd

on the. face of  PIRISHETEH the {81 coNerabEaLmoorS DPalfns ¢ FiP AUBNCPOBAIS
suppl i ed by t he thenightsider af theBneten. INext, reléaseathiesampbe stagecandoehesit once |

I , M). ' br aded
Ka arazoo, M) g8 maks shheine oy afecsiconidiibnDEsRIBa atserpbr ade

t h ht f ‘ti gned
such that the pkifpress tfi‘reeL-HHER%'HBB:' Pﬁ%e??é '?eﬁﬂﬁ"aﬁi‘@muesm Ble%gg"?s&lﬁtlgﬁﬁ.e | t
i s best to storanitheFor thecdd25D2Munit,stheirdcorded vaRigBisTUES HimteNSORIINEX.Elue.
CALI BRATION:  For the D252 5HEEE Wibe Matza%g%gvéréedm@ Essélsb‘?eEé’rth!ﬂ{ged

rior to use. First tyrn on.the Sutherl ster by noving t
{3 ester switch t 5[%@ Cg[gﬁ'ttvalue is the average o?%\e two recorded vaYues. g

Measure the Hunter Color L values for all of the felt covered
cardboards using this technique. If the Hunter Color L values are all within
0.3 units of one another, take the average to obtain the initial L reading. {f
the Hunter Color L values are not within the 0.3 units, discard those
felt/cardboard combinations outside the limit. Prepare new samples and
repeat the Hunter Color L measurement until all samples are within 0.3 units
of one another. '

For the measurement of the actual tissue paper/cardboard
combinations, place the tissue sample/cardboard combination on the base
plate of the tester by slipping the holes in the board over the hoid-down
pins. The hold-down pins prevent the sample from moving during the test.
Clip the calibration felt/cardboard sample onto the four pound weight with
the cardboard side contacting the pads of the weight. Make sure the
cardboard/felt combination is resting flat against the weight. Hook this
weight onto the tester arm and gently place the tissue sample underneath
the weight/felt combination. The end of the weight closest to the operator
must be over the cardboard of the tissue sample and not the tissue sample
itself. The felt must rest flat on the tissue sample and must be in 100%
contact with the tissue surface.

Next, activate the tester by depressing the "push” button. At the end
of the five strokes the tester will automatically stop. Note the stopping
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When the tester armis in its position closest to the user, turn the
tester's switch to the "auto” position. Set the tester to run 5 strokes by

nmovi ng the pRigyyRises M ON the large dial to the "five" posigdrage§abss Ng.

One stroke is a single and conplete forward and reverse notion of the
wei ght . The end of the rubbing block should be in the position closest
to the operator at the beginning and at the end of each test.

Prepare a tissue paper on cardboard sanpl estgs descri bed above. In
addition, prepare a felt on cardboard sanpl e as descri bed above. Both of
these sanples will be used for calibration of the instrument and will not
be used in the,acqu}sit' n of d&ta for.the actual sa

. . | es.
Place this cal iRRSHOLA! the Elcovared weight JeIRon 10 theSampiesdf thaenst oby
sl i ppi ng t he hahedeltrcoveeedaeightaoward hize bperataioisrover cardbbized , blectedtans pi ns

t th ' ' t ' ' '
prevent the sargigaliag Brdmty%Hé eRd dthe fsﬁeﬁrgﬁdpﬁa{@é@%?%mé on

felt/cardboard sa e,on e four pou we dboard side

contacting the RRIEIOE]S PHEr SPG, disagad Shis.meRsurement and Apealibrate =s

conbi nati on is diestedigbbvarin dyaSutherlahd Rubi Tigster Celibratibn sectiorght ont o t he
tester armand gently place the tissue sanple underneath the weight/felt

conbi nation. The end of the weight closest .to the operator nust be over
the cardboard of thgef"i'%‘?u e§é{ﬁ%"é%ﬂh‘%§8'&ﬁ@f¥?§§ glhoardy dnspestthe The
felt must r eissulsampler thtorb) disaardstneplett anditissust aritbstart 4610 i€ ding act
ith th ti : ' i " h"
button - TedeSandeT s Yé‘%‘gtve‘ o e LBYerdl CARRSGHS fin thE weilihy
meke a  nent aIDﬁSf'B'r@ft?‘f’ﬁg”@Pé%l"fq Hﬁ&laﬁ’bﬁﬁ WB eRyered gardhpardias 1 o ¢
cover ed wei ght describedabovefiehthe blank fieltss aRpteard thie Himetet Coldr Inredddngsofior

trokes is fi i - | | th
strokes Is 'VQhSQEIt iafft rgggtgpgf‘ch%i{, r%\ﬁgsd;r@, én@?é’&fr&%&‘@hﬁ?%rftﬁ? eValldy t e

operator is over the ca I ssue sanpl e at egi nning and
end of this tedPrallifemauingsamples. . prated and ready to use. If the total
nunber of strokes is not five or if the end of the felt covered wei ght

closest to the oper igr diIStsy(RS Hale b¥eh'ibasurBdPimdves antf diseaR &1 fdit.ner at
t he begi nni ng | brat | ?Iil%?r ocedure unti |

d.of the test t |
5 strokes are gﬁﬁ%éﬂgf REe Eﬂﬁl‘e’%‘fd ?&%Rfe (aa¢?'d IBs@se%g used; Yl theyatabent, (e
operator is sittoe. dinmver no kengeahdve & smaoth surface.h t he

CALCULATIONS:

Determine the delta L values by subtracting the average initial L
reading found for the unused felts from each of the measured vaiues for the
off-Yankee and Yankee sides of the sample. Recall, multi-ply-ply product
will only rub one side of the paper. Thus, three delta L values will be
obtained for the multi-ply product. Average the three delta L values and
subtract the felt factor from this final average. This final result is termed the
lint for the fabric side of the 2-ply product.

For the single-ply tissue web where both Yankee side and off-Yankee
side measurements are obtained, subtract the average initial L reading found
for the unused felts from each of the three Yankee side L readings and each
of the three off-Yankee side L readings. Calculate the average delta for the

"~ three Yankee side values. Calculate the average deita for the three off-
Yankee side values. Subtract the feit factor from each of these averages.
The final results are termed a lint for the off-Yankee side and a lint for the
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During the actual testing of sanples, nonitor and observe the stroke
count and the starting and stopping point of the felt covered wei ght.
Recal i br at e waewmesassary. HUNTER COLOR METER CALI| BRATCDNIS96/16300
Adj ust the Hunter Color Difference Meter for the black and white
standard pl ates according to the procedures outlined in the operation

manual of the instrunent. Also run the s6ability check for

standardi zation as well as the daily color stability check if this has
not been done during the past eight hours. In addition, the zero

refl ectance nust be checked and readjusted if necessary. Pl ace

the white standafaghkpe dide 6NtHeNgssuenRED. ByagRingnaledtic bEthe lintnsdltie! 6Rthe port .

the- sanpl o por1 Yok 3 Eifipfes P HBNAGBAIE o Pape oo g TR IRT "

knobs, adj ust t [pbtained.nsky ethenwvards. @eplcuatesthenling ratiqythecfolipwing termulaisof
"L", "a", and "lysed: when the "L", "a", and "b" push buttons are depressed
in turn. VMEASUREMENT OF SAMPLES: The first step in the
measurenment of lint is to nmeasure the Hunter col or val ues of the black
felt/cardboard sanples prior to being rubbed on the toilet tissue. The

first step in this measurenenting Ratiol 2ViEht VaRies Yanked Bide,White plate from
under the instrunment port of the HUNLRi V&L off-YahkéedSitde Center a felt

covered cardboard, with the arrow pointing to the back of the

By taking the average of the lint value on the Ya_nkee side and the off-
Yankee side, an uitimate lint is obtained for the entire single-ply tissue web.
In other words, to calculate the uiltimate lint, the following formula is used:

Ultimate Lint = in Yank: i Li lue, off-Yank i

F. Measurement of Panel Softness of Tissue Papers

Ideally, prior to softness testing, the paper samples to be tested
should be conditioned according to Tappi Method #T4020M-88. Here,
samples are preconditioned for 24 hours at a relative humidity level of 10 to
35% and within a temperature range of 22 to 40 °C. After this
preconditioning step, samples should be conditioned for 24 hours at a
relative humidity of 48 to 52% and within a temperature range of 22 to 24
°C.

Ideally, the softness panel testing should take place within the
confines of a constant temperature and humidity room. If this is not
feasible, all samples, including the controls, should experience identical
environmental exposure conditions.

Softness testing is performed as a paired comparison in a form similar
to that described in "Manual on Sensory Testing Methods", ASTM Special
Technical Publication 434, published by the American Society For Testing
and Materials 1968 and is incorporated herein by reference. Softness is



color neter, on top of the standard plate. Rel ease the sanple stage,
allowing the felt covered cardboard to be rai sed under the sanple port.
Since the felt width is only slightly larger than the view ng area

di aneter, make sure the felt conpletely covers the viewing area. After

WO 97/ 17494 wo 9117494 PCTRIShEASRP 16300
55 confirmng conpl ete coverage, depress the L push button and wait
for the reading to stabilize. Read and record this L value to the
nearest 0.1 unit. | f a D25D2A hea#dais in use, lower the felt
covered cardboard and plate, rotate the Telt covered cardboard 90
degrees so the arrow points to the right side of the neter. Next,
rel'ease the sanple stage and check once nore to make sure the view ng

a i | et ith f . . h t.ton. Read
e ecor g T sSuAnBHSultbbadud fisting st RAET s elfirby RB0abtad | 750
recorded val ue Pdfererceligster Ty mathed emnleys a stanslarg gxterpaidpAhedest where a

r ot at ed s?nPlhe matatiahitself. FHo?Qattile Pedcsived boftnessHwid eﬁt sﬂéretlpréééggfdi SLt he
average o e V. Sur Aunt.er (@)
val ueg for all %%@g??é?gggjggéggﬁnot seceatrhgbsc?é?‘ygg'u%th‘ﬁﬁ'et%bée éﬁﬁﬁ?‘ﬂ[@th

the Hunter Col o#hqosganeaf them gn|thgjhasisof tactlessaftness. ofheoresultrfithertestiiake
the average to epbated ih htvhaliig tetbrrbd t6 adiPinel Store URREPSUNT Wit RdsPect to

val ues are not i 0.3 i iscard.those felt./car ard

conbi nat i ons ou%%sf&'{}ggtt%gﬁw ﬁ?ngﬁgB%rdsgﬁﬁgﬁ g%‘ﬁp’FBE'tﬁﬂd’efe'"r"éﬁggﬁ % he

Hunt er Col or L Mraben ehaoftness panel tests amp pedformed.wiln ieach tes3 tenipracticedof one
anot her . softndse jud§és HRASIKEE R Vatdthd AfatiVel sbTtndds STTURrGR SRS gt dgitegar d

o ate of tne t eifiel el AtiCoP b a0k IR oot A5 st B £o0 00 e
pi ns. The hol d-enensarpPlesofeachepair bpingsdgaignated dnand thegthenv.nBriefly, eanht X

Cip the cali breample i grddetPagliAsY its paidd ¥ satdple la8Soflows: pound wei ght with
t he cardboard side contacting the pads of the weight. Make sure the

cardboard/felt conbl.nagrade ot plussirienis divert ifis judged he may bbta. littleabftehi s
wei ght onto the teskgin ¢ FnalghiRtdmtiRShe e ghieRSHY SR L9 RSY 68D
littie softer than X;

2. a grade of plus two is given if X is judged to surely be a little
softer than Y, and a grade of minus two is given if Y is judged to
surely be a little softer than X;

3. a grade of plus three is given to X if it is judged to be a lot

softer than

Y, and a grade of minus three is given if Y is judged to be a lot softer
than X; and, lastly:

4. a grade of plus four is given to X if it is judged to be a whole lot
softer

than Y, and a grade of minus 4 is given if Y is judged to be a whole

lot softer than X. : |

The grades are averaged and the resultant value is in units of PSU.
The resulting data are considered the resuits of one panel test. If more than
one sample pair is evaluated then all sample pairs are rank ordered
according to their grades by paired statistical analysis. Then, the rank is
shifted up or down in value as required to give a zero PSU value to which
ever sampie is chosen to be the zero-base standard. The other samples
then have plus or minus values as determined by their relative grades with



the weight/felt conbination. The end of the weight closest to the operator
must be over the cardboard of the tissue sanple and not the tissue sanple
itself. The felt must rest flat on the tissue sanple and nust be in 100%

contact with the tissue surface. Next, activate the tester by
depressi ng t hwo'qousdvd button. At the end of the five strolREIUSHEAGEWst er
w ll automatically stop. Note the stopping WO 97/ 17494
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of the felt covered weight in relation to t P2 sanple. If the end of t he

felt covered weight toward the operator is over cardboard, the tester is
operating properly. If the end of the felt covered weight toward the
operator is over sanple, disregard this nmeasurenent and recalibrate as
di rected above FPSRest &bt eiobreestgndard: cFhecarmben of ganeldesisoperformed
Renove t he wei glahdvdviefegeakisfstich thay ebaut 0.2 PP aepresemse signifitant differenae

sanple. If torng, gmﬁgg‘{'%'ﬁz’%ﬁ%ﬁ&ﬂg&@%‘ﬁésue and start over. If the

tissue sanmple is rnta covered cardboard fromthe weight.
Determ ne the Hunter Color L value on the felt covered cardboard as

descri bed above for the blank felts. Record the Hunter Color L readings for
the felt after @GibMeagureruimt ofcQpacity, ofilissuePaperst he Hunt er Col or L val ues
for all renmining sanples. After all tissues have been neasured,

renove and discard afhe peldent opabRy i nfdasiied @Hify BolorfidsaBPLgg0dar dboar ds

are used until torn, |i k. Ro.l gnger h a_snoot h
surface. (‘E@%ﬂ&%‘ﬁ&%&ge" Loca(t)'é th?)gpggr}ﬁfﬁ'ém e ﬁﬁgﬁﬁcﬁgﬁjﬁ\e chiﬁor
subtracting theangddpeyis ami Allay the instremeanhtp WasmduR §r tvwehawss el the| t s

el sy SuAetss fous it o, el ket ot o ke i 1
: L1 - u . [

paper. rrghus, t hPE%wcfg?t"asr[‘?WéPﬁéé 'ﬁﬁ"f’geso%f add'@%‘?ﬂi"ﬁ%’&){' PB;{"T“ﬁ‘e mul ti-ply
product. Average the three delta L val ues and

Standardize the instrument using the black glass and white tile. Make
sure the standardization is done in the read mode and according to the
instructions given in the standardization section of the DP9000 instrument
manual. To standardize the DP-9000, press the CAL key on the processor
and follow the prompts as shown on the screen. You are then prompted to
read the black glass and the white tile.

The DP-9000C must also be zeroed according the instructions given in
the DP-28000 instrument manual. Press the setup key to get into the setup
mode. Define the following parameters:

UF filter: OUT

Display: ABSOLUTE

Read Interval: SINGLE
Sample ID: ON or OFF
Average: OFF

Statistics: SKIP

Color Scale: XYZ

Color index: SKIP

Color Difference Scale: SKIP
Color Difference Index: SKIP
CMC Ratio: SKIP

CMC Commercial Factor: SKIP
Observer: 10 degrees
Hluminant: D

M1 2nd illuminant: SKIP



subtract the felt factor fromthis final average. This final result is
termed the lint for the fabric side of the 2-ply product. For
the single-ply tissue web where both Yankee side and of f - Yankee si de
measurenents are obtained, subtract the average initial L reading found

for the unusgslef/flidss from each of the three Yankee side L gepgdogdésosnd each
of the three off-Yankee side L readings. Calculate the average delta for

t he t hree Yankee side values. Calculate the average delta for the three
of f - Yankee side values. Subtract the fglt factor fromeach of these
aver ages. The final results are termed a lint for the off-Yankee side
and a lint for the WO 97/ 17494
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side of the tiSxandargcbWORKINGI Nng a ratio of the |int value on the
Yankee si de corgrgetevalses! gipal ue on the off Yankee side, the "lint ratio”

S obt ai nedgg) ,gneg;lersmprds to calculate the lint ratio, the follow ng
formula is used: Lint Ratio = Lint Val ue.
Yankee Side. Li nt Val ue, off-Yankee Side

By taking the aver &pafioh theecdldmscaleisusstan X2, mmmer\mrcketandaa@greé§-
Yankee si de, fiihdUdhbl :m’hhdn't 3pt ¢S DObPI%bGQQT bRk pﬁyh%?ﬁnﬁid 6ﬁtﬁé Mﬁ%opl y tissue

web. I n ot her cul at W ng
formila is usdicalib ahbratad %Fem ﬂi é!V’L'f%?a"bfateE tH? cogalse e(é!ﬁ%e Raisgthe i nt
Val ue, of f - Yars@ewléadd tile into place under the sample port and determine the Y valie. F.

Measur enent of Panel Softness of Tissue Papers
Lower the sample and tile. Without rotating the sample itself, remove
the white tile and replace with the black glass. Again, raise the sample and
black glass and determine the Y value. Make sure the 1-ply tissue sample is
not rotated between the white tile and black glass readings.

The percent opacity is calculated by taking the ratio of the Y reading
on the black glass to the Y reading on the white tile. This value is then
muitiplied by 100 to obtain the percent opacity value.

For the purposes of this specification, the measure of opacity is
converted into a “specific opacity”, which, in effect, corrects the opacity for
variations in basis weight. The formula to convert opacity % into specific
opacity % is as follows:

Specific Opacity = (1 - (Opacity/ 100){1/Basis Weight)) y 44

where the specific opacity unit is per cent for each glmz, opacity is in units
of per cent, and basis weight is in units of glmz.

Specific opacity should be reported to 0.01%.

G. Measurement of Strength of Tissue Papers
DRY TENSILE STRENGTH:

The tensile strength is determined on one inch wide strips of sample
using a Thwing-Albert Intelect 1l Standard Tensile Tester {Thwing-Albert



I deal |y, prior to softness testing, the paper sanples to be tested shoul d
be conditioned according to Tappi Method #T4020M 88. Here, sanpl es are
preconditioned for 24 hours at a relative humdity level of 10 to 35% and
within a tenperature range of 22 to 40 [err]C. After this precondi tioni ng
step, sanpl eswWEAM4®4be conditioned for 24 hours at a rel RCGHUSHINANI ty
of 48 to 52% and within a tenperature range of 22 to 24 [err] C.

| deal |y, the softness panel testing should teake place within the confi nes
of a constant tenperature and humdity room If this is not feasi bl e, al
sanpl es, including the controls, should experience identical

envi ronnment al exposure conditions. Softness testing is perforned

as a paired conpagirGfent Cod, {10960 DuttdnaRd., Fiaddiphiag PAC Mi91Sd)] MThidvigusdd ON

Sensory Testing ; 1 0

published by theyinl{éﬂg(é:%rfloég %?B d‘lpeaﬁ-g?%p& a#fa}ggg% ﬁfg:ssg?LéGB and is
i ncor por at ed her‘éFQQnW"PéfSé‘Pféﬁce Sof tness is WD 97/ 17494

PCT/ US96/ 16300 58

eval uat ed by subjecti ve testl ng usi ng what [ S referred to as a Paired

D fference Test. ; IDIE l 3 N:ernal to the test
material itself. For tactl | e percel ved softness tvvo sanmpl es are presented

h th h b d
T e e e
the test is renditianed; accardingite MMQHOQ({? 59 p&‘ﬂr@l Sﬁlirpéamlﬂnd(m.
Wth respect to boardqbﬁbmng inesterialg rhostolbd ahnéfdilhereaﬁﬂeﬂeﬁﬁnmapdp%ﬁor ted

e e oy a: | Semeidd BREE 1 testil PP gg;gé}gég@égé{ Shdlif HRCERitiEikd 1o 72

test ten practice refatl
sof t ness of t hr d@8sc? bours #A f@@t'\’e humigitwaf 481t W@dow-tbmrte@parra@re

j udged one pair rah F @ of 22210034 &L hSahiple preparativh sddll @spécte dFltheabnsileei ng

designated X an(ie Qﬁmplaﬁo BieShibde V\ﬁﬁ'ﬁﬁ]ﬂ%& conf?t‘gegp%f?th:glscipg{sgﬂ@d agai nst

its paired Y sanp is given
if Xis judged ttsmmpatyee and humiditys saqray than Y, and a grade of
mnus one is given if Yis judged to may be a

For finished product, discard any damaged product. Next, remove 5
strips of four usable units {also termed sheets) and stack one on top to the
other to form a long stack with the perforations between the sheets
coincident. ldentify sheets 1 and 3 for machine direction tensile
measurements and sheets 2 and 4 for cross direction tensile measurements.
Next, cut through the perforation line using a paper cutter (JDC-1-10 or
JDC-1-12 with safety shield from Thwing-Albert Instrument Co., 10960
Dutton Road, Philadelphia, PA, 19154) to make 4 separata stocks. Make
sure stacks 1 and 3 are still identified for machine direction testing and
stacks 2 and 4 are identified for cross direction testing.

Cut two 1" wide strips in the machine direction from stacks 1 and 3.
Cut two 1" wide strips in the cross direction from stacks 2 and 4. There are
now four 1" wide strips for machine direction tensile testing and four 1*
wide strips for cross direction tensile testing. For these finished product
samples, all eight 1" wide strips are five usable units (also termed sheets)
thick.

For unconverted stock and/or reel samples, cut 2 15" by 15" sample
which is 8 plies thick from a region of interest of the sample using a paper



little softer than X; 2. a grade of plus two is givenif Xis
judged to surely be a little ' softer than Y, and a grade of m nus
two is given if Y is judged to surely be a little softer than X;
3. a grade of plus three is given to X if it is judged to be a lot
softer than woeryrees Y- @nd a grade of mnus three is gi vePgh&s%fll j udged

to be a | ot softer than X; and, lastly: 4. a g us four
is given to Xif it is judged to be a whole | ot softer than Y,
and a grade of mnus 4 is givenif Y is judged to be a whole | ot
softer than X The grades are averaged and the resultant value is
in units of PSU. The resulting data are considered the results of one
panel test. |If nore than one sanple pair is evaluated then all sanple

pairs are ran r C i to.their gra b aired statistical
anal ysi s. Thenkc,tﬁiﬂg‘lrﬁg;ﬁlqidg& gbgﬁﬂgge‘ﬁ‘thﬁat‘?‘y%&%ﬂg?’ﬁ%ﬁ%”%@m@aui red to
give a zero Pdpstiumeat Co.hO360 DuttorcRoad:Riiladelphizh Rren19164)e Meakezsur@- base
standard. The gHghes" &aﬂmr%sparauélharthaaﬂecmw%irggﬁéﬂ While Rk ifieunget &r m ned

by their rel at L with, .. 97/ 17
P)C/:T/ US96/ 1 630(#5‘?"89 tgqﬁg cross direction. M\QQe sure the sample ig gonditioneg dapakt to

the zero base 182%rRiBPUrs ate relative huntidinant#8itesi 2%and wittirla temperhtareer aged
I's such that abngé of 22 1S4 PN SaRIPIE prepatatitd asd 8l agb%é%?gﬁ? tenﬁife.rll_.
|

papers ) ML YEdaRISd G aipge it MSCERRIRS S the @srRiest DR 9000

Spect rocol or i ffemperatue-ané humidityresm. swit ch on the back of the processor
and turn it on. Allow the instrunent to warmup for two hours. |If the

~system has gone i nFeorhttARIICEREIBoNEE 9%° B Y5KSYmblk WhfcH RV BRSk Ak,
cut four strips 1" by 7" with the long 7" dimension running parallel to the
machine direction. Note these samples as machine direction reel or
unconverted stack samples. Cut an additional four strips 1" by 7" with the
long 7" dimension running parallel to the cross direction. Note these
samples as cross direction reel or unconverted stock samples. Make sure ali
previous cuts are made using a paper cutter (JDC-1-10 or JDC-1-12 with
safety shield from Thwing-Albert instrument Co., 10960 Dutton Road,
Philadelphia, PA, 19154). There are now a total of eight samples: four 1"
by 7" strips which are 8 plies thick with the 7* dimension running parallel to
thg machine direction and four 1" by 7" strips which are 8 plies thick with
the 7" dimension running parallel to the cross direction.

QPERATION OF TENSILE TESTER;

For the actual measurement of the tensile strength, use a Thwing-
Albert Intelect Il Standard Tensile Tester (Thwing-Atbert Instrument Co.,
10260 Dutton Rd., Philadelphia, PA, 19154). Insert the flat face clamps
into the unit and calibrate the tester according to the instructions given in
the operation manual of the Thwing-Albert Intelect !l. Set the instrument
crosshead speed to 4.00 in/min and the 1st and 2nd gauge lengths to 2.00
inches. The break sensitivity should be set to 20.0 grams and the sample
width should be set to 1.00" and the sample thickness at 0.025".

A load cell is selected such that the predicted tensile result for the
sample to be tested lies between 25% and 75% of the range in use. For
exampie, a 5000 gram load cell may be used for samples with a predicted



allow the instrument 30 m nutes of additional warmup tine.
St andardi ze the instrunent using the black glass and white tile. Mke
sure the standardi zation is done in the read node and according to the
i nstructions given in the standardi zati on section of the DP9000 i nstrunent
manual . To st qedandieze t he DP- 9000, press the CAL key on t hePqrmusea@s3ey
and follow the pronpts as shown on the screen. You are then pronpted to
read the black glass and the white tile. 63 The DP-9000 nust al so be
zeroed according the instructions given in t he DP-9000 i nstrunent manual .
Press the setup key to get into the setup node. Define the foll ow ng
par anet ers: UF filter: QUT D spl ay: ABSOLUTE Read Interval: SING.E
Sanple ID: ON or : heEhHS: 3
Col or | ndex: SKi be%ﬁ%g?@iﬁzgg?ggggségg?%&%g@ g’%ﬁg’r‘d?@g?ﬁ?ﬁsﬂ g:
SKIP CMC Rati 0°90QQgsams gdansiietester £analso begppup ipyle 103 range With: ces
I[1Tumnant: D tHe 2000 igrararfoadicell sttt Bhat samples WixHOpretlictéd tensiles of 125
PCT/ US96/ 16300 60 St andar d:
WORKI NG Tar ge?ra\?e'aﬁ 5062?5&?%13 could pe tested. . sk p Confirmthe
color scale is set to XYZ, the observer set to 10 degrees,

Take one of the tensile strips and place one end of it in one clamp of

the tensile tester. Place the other end of the paper strip in the other clamp.
Make sure the long dimension of the strip is running parallel to the sides of
the tensile tester. Also make sure the strips are not overhanging to the
either side of the two clamps. In addition, the pressure of each of the
clamps must be in full contact with the paper sample. '

After inserting the paper test strip into the two clamps, the instrument
tension can be monitored. If it shows a value of 5 grams or more, the
sample is too taut. Conversely, if a period of 2-3 seconds passes after
starting the test before any value is recorded, the tensile strip is too slack.

Start the tensile tester as described in the tensile tester instrument
manual. The test is complete after the crosshead automatically returns to
its initial starting position. Read and record the tensile load in units of grams
from the instrument scale or the digital panel meter to the nearest unit.

If the reset condition is not performed automatically by the
instrument, perform the necessary adjustment to set the instrument clamps
to their initial starting positions. Insert the next paper strip into the two
clamps as described above and obtain a tensile reading in units of grams.
Obtain tensile readings from all the paper test strips. It should be noted that
readings should be rejected if the strip slips or breaks in or at the edge of
the clamps while performing the test.

CALCULATIONS:

For the four machine direction 1* wide finished product strips, sum
the four individual recorded tensile readings. Divide this sum by the number
of strips tested. This number should normally be four. Also divide the sum



and the illum nant set to D. Place the one ply sanple on the white
uncalibrated tile. The white calibrated tile can also be used. Raise the
sanple and tile into place under the sanple port and determ ne the Y val ue.
Lower the sanple and tile. Wthout rotating the sanple itself, renove t he
white tile am)d;7 + gace With the black glass. Again, raise tdheastmge and

bl ack gl ass an etermne the Y value. Make sure the 1-ply tissue sanple is
not rotated between the white tile and bl ack gl ass readi ngs. The
percent opacity is calculated by taking théd4ratio of the Y reading on the
bl ack glass to the Y reading on the white tile. This value is then
multiplied by 100 to obtain the percent opacity val ue. For the
purposes of this specification, the neasure of opacity is converted into

a "specific opafiregdrdediteosilesi by gid numpec of ueahie units pepaendite stdp. This is

variations in f opacity %into specific
opacity %is agﬁ?gﬁn%ivﬁ%r b&}‘ﬁ ﬁ??"'g%@ﬁ’ 6&'&\66{511 - (Opaci t(;// 100) (1/ Basi s

Weight)) X 100. where the speC|f|c opacity unit is per cent for each
g/ m2, opacity is inRepeatthis chicplatioacior theorbsisaliiestion ifipitheldsproducnstrips of
g/ n. Specific opacity should be reported to 0.01% G
Measur enment of St re%gt h of Tissue Papers DRY TENSI LE STRENGTH:

The tensile strengt FOF Sh¢jEpEOnYertad $KQCK A reelsamplescut in the mackipayp) e

usi ng a Thwi ng-didebtion, surnethedbut inditidualaedorfed tehsileTreatitygs( Thivideothls fuant
\é\? 971 174I9ﬁst - by,the number of strips tested. This ny ﬁ)ber puld. nor %HS%#%OO
met hod er ge the sum o reco e(} tensales by the num of us:Ee units per tensnle

strip. This is normally eight.

Repeat this calculation for the cross direction unconverted or reel
sample paper strips.

All results are in units of grams/inch.

For purposes of this specification, the tensile strength should be
converted into a “specific totat tensile strength” defined as the sum of the
tensile strength measured in the machine and cross machine directions,
divided by the basis weight, and corrected in units to a value in meters.

EXAMPLES

The following examples are offered to illustrate the practice of the
present invention. These examples are intended to aid in the description of
the present invention, but, in no way, should be interpreted as limiting the
scope thereof. The present invention is bounded only by the appended
claims.

EXAMPLE 1

This comparative Example illustrates a reference process not
incorporating the features of the present invention. This process is illustrated
in the following steps:



I's intended for use on finished paper products, reel sanples, and
unconverted stocks. SAMPLE CONDI TI ONI NG AND PREPARATI ON:

Prior to tensile testing, the paper sanples to be tested should be
conditioned according to Tappi Method #T4020M 88. All plastic and paper
board packagwgenpmri al s must be carefully renoved from t hRCTRI§9616300
sanples prior to testing. The paper sanples should be conditioned for at

| east 2 hours at a relative humdity of 48 & 52% and within a tenperature
range of 22 to 24 [err]C. Sanple preparation and all aspects of the tensile
testing should al so take place within the confines of the constant
tenperature and hum dity room For finished product, discard any

damaged product. NeXgiestl QRONGugdUS Iy ITFNSK dfibout 3! Gorisititbicy & ﬁsg&%fmd

sheets) and stack one on top to the ther tq forma |long stack w t he
perforations betHiBard cREveRtanal pulber A0 jsiBrtsed HERHGN § SIABKAIPY toyardthe
machi ne directi beadmmsof the Fourdanierenent s and sheets 2 and 4 for cross

direction tensile neasurenents. Next, cut through the perforation line

using a paper cutter (JDC-1-10 or JDC-1-12 with safety shield from

Thwi ng- Al bert | nst r ulfePeE0 IMpatch tempefary Ayt irangtipie Itéﬂé!"}!ﬁhe& prpduct, a
19154) to nake 4% djspesdien of Cakez 756K és preparec:asd ixhdded sntheSNSKestotk Ipipe
identified for i ' [ [ BoPCkss 4 ;

i dentified for g&%%ﬁ?ﬂg@ﬁf%&gﬁ%é?ﬂs%ﬂﬁam Poased e oy Yyeight of |
the machi ne di r & R H865-st ABRsabisasption of thestemporary wgr ftrength Fesinnis; he
cross directi onehhanvestmyc passing tie drealddesiarrgrtaroughnannvirk-ling mixerwi de stri ps
for machine direction tensile testing and four 1" wi de strips for cross
direction tensile testing., For these f] ni,é_.geg, Er oduct sarrploes, all eight
1" wide strips are th& sy 'Erﬁ"t‘ge‘t WhILE Yyafes R apeyt 0.2% gangistency
For unconvert edasthectfangputhpr reel sanples, cut a 15" by 15" sanple whi ch

is 8 plies thick froma region of interest of the sanple using a paper

WO 97/ 17494 . . _
PCT/ US96/ 16300 An aqueous slurry of eucalyptus fibers of abgut 3% by weight is

made up using a conventional repulper.

The eucalyptus is passed through a stock pipe to another fan pump
where it is diluted with white water to a consistency of about 0.2%.

The slurries of NSK and eucalyptus are directed into a multi-channeled
headbox suitably equipped with layering leaves to maintain the streams as
separate layers until discharge onto a traveling Fourdrinier wire. A three-
chambered headbox is used. The eucalyptus slurry containing 80% of the
dry weight of the ultimate paper is directed to chambers leading to each of
the two outer layers, while the NSK slurry comprising 20% of the dry weight
of the uitimate paper is directed to a chamber leading to a layer between the
two eucalyptus layers. The NSK and eucalyptus slurries are combined at the
discharge of the headbox into a composite slurry.

The composite slurry is discharged onto the traveling Fourdrinier wisre
and is dewatered assisted by a deflector and vacuum boxes.

The embryonic wet web is transferred from the Fourdrinier wire, at a
fiber consistency of about 15% at the point of transfer, to a patterned
forming fabric of a 5-shed, satin weave configuration having 84 machine-



cutter (JDC-1-10 or JDC-1-12 with safety shield from Thw ng- Al bert

I nstrunent Co., 10960 Dutton Road, Phil adel phia, PA, 19154) . Make sure
one 15" cut runs parallel to the machine direction while the other runs
parallel to the cross direction. Make sure the sanple is conditioned for at
| east 2 hour&&%.ma) g€l ative humidity of 48 to 52% and wit higoyudegiades at ur e
range of 22 to 24 ferr]C. Sanpl e preparation and all aspects of the tensile
testing should al so take place within the confines of the constant
tenmperature and humdity room Frqglthis precondi ti oned 15" by 15"
sanmple which is 8 plies thick, cut four strips 1" by 7" with the long 7"
di mensi on running parallel to the machi ne direction. Note these sanples
as machine direction reel or unconverted stock sanples. Cut an additional

four strips 1" S wth th | ong 7" . di mensi on runni arallel to the
cross directi on‘?'yﬁglf’g t A2d e ?esa‘FFBF%@agg"lﬁq@%ctm"r eé‘f?'lﬂ?g?"g%‘l“sorpe' inch,

unconverted st oekpegtivelvand\abeutsif & khuickle@reai ous cuts are nade using a
paper cutter (JDC-1-10 or JDC-1-12 with safety shield from Thw ng- Al bert

I nstrunment Co., 10960 tt.on Road, . Phil | phi a, PA, 19154). There are
now a total of eigh u%‘?ﬁbfig‘s"."a?gﬂp lq_accogslqs?f\e%&\f vacuUR aspistgddrpinagecuntil
thick with the the wiébrbas iacfiber.gomnsisgency of 8ldutt2B%.t he nachi ne direction and
four 1" by 7" strips which are 8 plies thick with the 7" di mension
running parallel toyhe cross.direction. . OPERATI ON OF TENSI LE, TESTER:

For the actual rreaswléf?eﬁ?mgfm?%ént EUBLE, with eﬁ%ﬁt H?“E@\?daIQ’IWWﬂgfaE"ﬁt Hhet
Intel ect |1 Stepefteraed oned lie aregdriad bYhair rhjowttheougH et a Uitemt cabsistendy) /G0
Dutton Rd., Phidhaiela2% by Weight9154). Insert the flat face clanps into the
unit and calibrate the tester according to the instructions given in the
operation manual of the Thwi ng-Al bert Intelect Il. Set the instrunent
crosshead speed to Fhe(Oseémi-driynwahdist then ladthesedi t@rthegsurfarel ohgt Mankee AniH

i nches. The br qgith =88 Ediéripﬁgoﬁﬂhﬂés% étfﬁ\ptiﬂiné% @ﬂﬁ?‘ﬁs&% SolS5fiaR ot

wi dt h shoul d be _set. t.o 1. 00" e _sanmpl e, ess at 0.

load cell is sdiobpyiny Ygehol, hiBetqﬁﬁp'Bp%B’ﬁ I$ 'IVP@‘E&IH‘? eg purface
sanpl e to be t attacthte iofD.b% adhesivs solidscbaseth wf thehdryr weightiaf the evetor
exanpl e, a 5000 gram | oad cell may be used for sanples with a predicted

\Ignggl?J/Ség/Af%BOO The fiber consistency is increased to about 96% before the web is dry

creped from the Yankee with a doctor blade.

The doctor blade has a bevel angle of about 25 degrees and is
positioned with respect to the Yankee dryer to provide an impact angle of
about 81 degrees.

The percent crepe is adjusted to about 18% by operating the Yankes
dryer at about 800 fpm (feet per minute) {about 244 meters per minute),
while the dry web is formed into roll at a speed of 656 fpm (201 meters per
minutes).

The web is converted into a three-layer, single-ply creped patterned
densified tissue paper product of about 18 Ib per 3000 t2 basis weight.

EXAMPLE 2

This Example illustrates preparation of a filled tissue paper exhibiting
one embodiment of the present invention .



63 tensile range of 1250 grans (25% of 5000 grans) and 3750 grans

(75% of 5000 grans). The tensile tester can also be set up in the 10%
range with the 5000 gram |l oad cell such that sanples with predicted
tensiles of 125 grans to 375 grans coul d be tested. Take one

of the tensil ewelorsa®s and pl ace one end of it in one clanp obcrusésdngsoo
tensile tester. Place the other end of the paper strip in the other clanp.
Make sure the |long dinmension of the strip is6.;unni ng parallel to the sides

of the tensile tester. Also make sure the strips are not overhanging to
t he either side of the two clanps. In addition, the pressure of each of
t he clanps nmust be in full contact with the paper sarrpl e.

L e A B8 e B A
sanple is too taffadecynusings gonventignprapylpes: Cymo dond@dpaéseshafstuﬂy at
starting the tesh ratf of ©.02% b/a%’euébri thel &yOWveighit of fise t:?ﬁ?d 5%45bfatiVe 't the©

| ack. h t t
Ceoter i nstrumenfinianed dry WFeibfESH i ¢-8pLd 5'8% ¢ BRES% Tie veRted fiytryie shen
aut omati cal |y ref@rigd thgpough Ft%OGMP'PPéPV\@Fé the pargyovREhipA. Read and record
digital panel neter 14 RatiruiE Fer 5 kAol Y, orads WWTRL TGS reaneiby ooy
i s not perf or medBeanchritaglisesl DrybBranch, GA.i ritix delivered peafsiumy bhJ0%e sokidsr y
adj ustment to sethrbligh laNstbek i whkAdRs muxéd’vﬁﬁ\eér’i ahi&'nk{ ﬂbctﬁﬁﬁ’ﬂtt urat:D d

positions. |nsergathe.next er, Stri SCr
above and obt ai né%\ Y&'ﬁé}] IS¢ deﬁgg{ﬁdng’s PrPOB%]P?P&fs' Mater @ﬁ‘f‘éf?ﬁ qzen‘§| | e
readi ngs from al $onveyed At rate gQuivalentgo abous m1 Ei%bbaswtmdatthatamount of

readings shoul d sl GieRfHtast thé floeulBiht bAd Finidhedtry WRKE of ﬂgfes%itaﬁpgreﬁgge

of t he clarrps %OB { éﬂlf‘%‘ % esft £ CUCATI ON

For the four ﬁu i e puso(glion 9f thefpgeu &8{0@%’#&)’ Passing the e
four indivi dual mgmﬂuoughgnl io ling amiixeys Thta forons a bonditioned ylutryeofiiffdper

of strips testedparfibieg. nunber should nornally be four. Also divide the sum

The agglomerated sturry of filler particles is then mixed into the stock
pipe carrying the refined eucalyptus fibers

The eucalyptus fiber and particulate filler mixture is divided into two
separate flows in approximately equal amounts and directed toward the
papermachine. Each flow stream is then treated with a cationic starch
RediBOND 5320°, which is delivered as a 1% dispersion in water. The flow
which will ultimately form the Yankee side layer is treated with the starch at
a rate of 0.1% based on the dry weight of starch and the finished dry
weight of the resultant creped tissue product. The flow which will
ultimately form the off-Yankee side layer is treated with the starch at a rate
of 0.5% based on the dry weight of starch and the finished dry weight of
the resultant creped tissue product. Absorption of the cationic starch is
improved by passing the resultant mixture through an in line mixer. The
resultant slurries are then each diluted with white water at the inlet of their
respective fan pumps to a consistency of about 0.2% based on the weight
of the solid filler particles and eucalyptus fibers. After the fan pumps
carrying the combination of agglomerated filler particles and eucalyptus
fibers, additional Accurac 62%, diluted to a concentration of about 0.05%
solids, is added to each of the mixtures at a rate corresponding to about
0.065% based on the solids weight of the filler and eucalyptus fiber.
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recorded tensiles by the nunber of usable units per tensile strip. This is
normal ly five for both 1-ply and 2-ply products. Repeat this

cal cul ation %&%?&cross direction finished product stri p%ca'msssnmo For
t he unconverted stock or reel sanples cut in the machine ITection, sum

the four individual recorded tensile readi ggs Divide this sum by the
nunber of strips tested. This nunber shoul ®normally be four. Al so
di vide the sum of recorded tensiles by the nunber of usable units per

tensile strip. This is normally eight. Repeat this calculation
for the cross directi,on uncaonverted or.reel sanpl e er_strips.
All results are in M?‘@JK?‘P"QP%%PWSE"“ IS p'epa'e‘q&’!rmgﬁ}lfo‘ﬁo@@gﬂ}ﬂ? & his

speci fi cati on, mixture of squal amounts: of Varisafti 184" andRoiyethyledei glyeol A0Gaeai fic -

total tensile gdhpadtire sEABRBET, [ Phe MERL mbitGre is tﬁ@ﬁ%h%@;le?e r'g?cgghh

nmeasured in the chi ne. and cross machine dirgectio t he
basi s wei ght . SANSYES, Waterdream ahp tempsratute.ofiabout GRAG:asa concentration of
EXAMPLES about 2% Hasedwmn the Varsgft eentent. oThe bedd timhibitingst¢ompesitidre

o - : . Dith P
'SLZC d'eggr iOpt i O% %:]gdle ﬁ:fﬁgé of V& BLtaPptub e panid DR FibaF Sukry ﬁg‘ﬂgﬁrgﬁg@t in

. resent, .1.nvent| on ut, In 0 way,
interpreted as''f ﬁf’f’?'f‘né°ttﬁg flow which, "‘f'ﬂ é‘lt%#eRT%?é"bW@géﬁ?' ‘?/%%HPFBFM s
bounded only bYankee sprfaceicdn amolat obthe bondEloNibtieg tomposition is atided to
conpar ative Exagipfisé apprdidiafely 0.1 §HEHEE R S VaRsoR'134" WERHR BoRidaPd ! he

features Of NG B3 eight ah ng Hisha udlugc o> 1 © 111 Ustrate

An aqueous slurry of NSK of about 3% consistency is made up using
a _conventional pulper and is passed through a stock pipe toward the
headbox of the Fourdrinier.

In order to impart a temporary wet strength to the finished product, a
1% dispersion of Parez 7507 is prepared and is added to the NSK stock pipe
at a rate sufficient to deliver 1,.25% Parez 750° based on the dry weight of
the NSK fibers. The absorption of the temparary wet strength resin is
enhanced by passing the treated slurry through an in-line mixer.

The NSK slurry is diluted with white water to about 0.2% consistency
at the fan pump. After the fan pump, additional Accurac 620, diluted to a
concentration of about 0.05% solids, is added to the mixture at a rate
corresponding to about 0.065% based on the solids weight of the filler and
the NSK fiber.

The slurries of NSK and eucalyptus are directed into a muiti-channeled
headbox suitably equipped with layering leaves to maintain the streams as
separate layers until discharge onto a traveling Fourdrinier wire. A three-
chambered headbox is used. The combined eucalyptus and particulate filler
containing sufficient solids flow to achieve 80% of the dry weight of the
ultimate paper is directed to chambers leading to each of the two outer
layers, while the NSK slurry comprising sufficient solids flow to achieve 20%
of the dry weight of the ultimate paper is directed to a chamber leading to a
layer between the two eucalyptus layers. The NSK and eucalyptus slurries
are combined at the discharge of the headbox into a composite siurry.
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65 First, an aqueous slurry of NSK of about 3% consistency is
made up usi ng a conventional pulper and is passed through a stock pipe
toward the headbox of the Fourdrinier. In order to inpart a

tenporary wet wisgranghh to the finished product, a 1 % di PoOFUssesIs3es

Parez 750[err] is prepared and is added to the NSK stock pipe at a rate
sufficient to deliver 1.25% Parez 750[err] based on the dry wei ght of

the NSK fibers. The absorption of the tenporggry wet strength resin is
enhanced by passing the treated slurry through an in-1ine m xer.

The NSK slurry is diluted with white water to about 0.2% consi stency at
the fan punp. An aqueous slurry of eucal yptus fibers of about 3%
by weight is made up using a conventional repul per. The

eucal yptus i s passed.through st.ock e.to anot he fan where it
is diluted with whi tél’\ﬁa‘f‘aﬂp?%teds‘ewég 95)5&#859 ontg "25}6‘3%““’"“'9' Wi e
slurries of NSK anttiseleywateradigssisted diyr 2 defiectongod vaguum baxesnnel ed

headhox suitably equi pped vvith | ayering |l eaves to maintain the streans as

separate |l ayers until disc e on frave Fourdripier wire.,L A thre
chanbered headbox is HEEM FM? '%W@él"fﬁg:l l?s"%rf'e’lj?'r’gd &em g?%?ﬂﬁ’dé'@%’d?’"?lﬁ}a
dry wei ght of trfﬁ:anlcphsistmqyatpfeabom h %eatitbe pointosfcnanster, [toalpagemedeach of

the two outer | agehing 14BHEDdS- éﬁ% §$M€ weaeer&p i f&zo%%mq ghem Mnde! ght

of the ultimate ect ed er between
t he t wo eucal‘i))ﬁ%ﬁgn Wd# c“ﬁ?emRSﬂTd”a ectien Mo ga'gFﬂﬁsrP%é e conbi ned
at the di schaegpeativetyh andcahthn36%tinugkiecarpasi te sl urry. The
conposite slurry is discharged onto the traveling Fourdrinier wire and
I s dewat ered assi ste a_ deflector and v

b cuum boxes. . The |
enbryoni c wet web i sgt’Fﬁﬁ%F&M@t&"ﬂSWPW%\e Y YRFUUp Bssisted drainage; ymail
consi stency of abewveblibas atfitdraconsistenayf oft abowtf28%.t 0 a patterned
formng fabric of a 5-shed, satin weave configuration having 84 machi ne-

While remaining in contact with the patterned forming fabric, the
patterned web is pre-dried by air blow-through to a fiber consistency of

about 62% by weight.

The semi-dry web is then adhered to the surface of a Yankee dryer
with a sprayed creping adhesive comprising a 0.125% aqueous solution of
polyvinyl alcohol. The creping adhesive is delivered to the Yankee surface
at a rate of 0.1% adhesive solids based on the d_ry weight of the web.

The fiber consistency is increased to about 96% before the web is dry
creped from the Yankee with a doctor blade.

The doctor blade has a bevel angle of about 25 degrees and is
positioned with respect to the Yankee dryer to provide an impact angle of
about 81 degrees.

The percent crepe is adjusted to about 18% by operating the Yankee
dryer at about 800 fpm (feet per minute) (about 244 meters per minute),
while the dry web is formed into roll at a speed of 656 fpm (200 meters per
minutes).

The web is converted into a three-layer, single-ply creped patterned
densified tissue paper product of about 18 Ib per 3000 ft2 basis weight.
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66 direction and 76 cross-nmachi ne-direction nonofil anents per inch,
respectively, and about 36 % knuckl e area. Furt her de-watering
i s acconplished by vacuum assi sted drai nage unti | the web has a fi ber
consi stency ofo ¢y 28% Whi | e remai ni ng i n cont agdrridokiesbd e
patterned formng fabric, the patterned web is pre-dried by air

bl ow-t hrough to a fiber consistency of about 62% by wei ght. The
sem -dry web is then adhered to the surfacegof a Yankee dryer with a
sprayed creping adhesive conprising a 0.125% aqueous sol uti on of

pol yvi nyl al cohol. The creping adhesive is delivered to the Yankee surface
at a rate of 0.1% adhesive solids based on the dry wei ght of the web.

The fiber consistency is increased to about 96% before the web is dry

creped fromtheyyy, ith a doctor bl ade. The doctor blade has a
bevel angle of wfgé,mdegrees and is positioned with respect to the
Yankee dryer to provide an inpact angle of about Bl degrees. The

t [ dj : 0 ' Y t
Sbout 800 1pm %szggt B I 7 W ik e i R
dry web is for ﬁ'ﬂg‘ad'r'mt aft ﬁm YeB®R f pm (201 neters per

Croped. pat terned . Abhaaybdly' gt B SUEEyphi findrs di by 346 by SRR T o

ft2 basis wei gmade up wpgngentlonal repulper. Cypro 514" is added to the slurry at
a rate of 0.02% based on the dry weight of the Cypro 514 relative to the
finished dry weight of the creped tissue paper. The treated slurry is then
divided into two equal flows with each flow carried through its own stock
pipe toward the paper machine.

The particulate filler is kaolin clay, grade WW Fil Siurry®, made by Dry
Branch Kaolin of Dry Branch, GA. it is delivered as a slurry at 70% solids
through a stock pipe where it is mixed with an anionic flocculant, Accurac
62, which is delivered as a 0.3% dispersion in water. Accurac 62% is
conveyed at a rate equivalent to about 0.015% based on a the amount of
solid weight of the flocculant and finished dry weight of the resultant creped
tissue product. The adsorption of the flocculant is promoted by passing the
mixture through an in line mixer. This forms a conditioned slurry of filler
particles.

The agglomerated slurry of filler particles is then mixed into one of the
stock pipes carrying the eucalyptus fibers and the final mixture is treated
with a cationic starch RediBOND 5320° which is delivered as a 1%
dispersion in water and at a rate of 0.75% based on the dry weight of
starch and the finished dry weight of the resultant creped tissue product.
Absoarption of the cationic starch is improved by passing the resuitant
mixture through an in line mixer. The resultant slurry is then diluted with
white water at the inlet of a fan pump to a consistency of about 0.2% based
on the weight of the solid filler particles and eucalyptus fibers. After the fan
pump carrying the combination of agglomerated filler particles and
eucalyptus fibers, additional Accurac 62°. diluted to a concentration of
about 0.05% solids, is added to the mixture at a rate corresponding to
about 0.065% based on the solids weight of the filler and eucalyptus fiber.
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one enbodi nent of the present invention. WO 97/ 17494
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aqueous slurry of eucal yptus fibers of about 3% by weight is made up

usi ng a converwoeoneMoa epul per. Cypro 514[err] is added to thBCHUSA6(§300

a rate of 0.02% based on the dry weight of the Cypro 514 relative to the
finished dry weight of the creped tissue pap2r. The treated slurry is then
carried through a stock pipe toward the paper machine. The
particulate filler is kaolin clay, grade WNFi|l Slurry[err], nmade by Dry
Branch Kaolin of Dry Branch, GA It is delivered as a slurry at 70% solids
through a stock pi pe Theobendststock pipecchrying eucayptosifivefs ds adiivaed witcamitac

62, Wh h del %
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sol i d wei ght of teweiguefithrisoliddiler Ragicies R evgalypiusdiberne Aftarthe dan
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particles is t heﬁbwtxg@ﬁ%ts@'ﬂﬁe is;added to HPQJ@"@!&!P& 9t agater@rraﬂppnémlg to

eucal yptus fiber sbout 0.065% bbsed dnCtheysulids vieight ofthé awdalyptus diber.f i | | er
m xture is divided into two separate flows I n approxi mately equal anmounts

and directed toward tAdonddapibiting hompositientis pPrepered byameltiogttogether aat ed
with a cationic aigise of eaasil m&wﬂ‘gdﬂ 1W§Hd'ﬁ>w&ihw&ﬁé ot 400'd0a

di spersion in ma er. ee si de

e EOT it oqteifwerbfireaf alious HHeE! the mettefMitirels 5@%&%&969 Tty
wei ght of st ar chagiteted water-strebadatia yempersatyiet ofodbauit 66°Cs1ol 2 anncmteqmm of

tissue product. dpgutf iﬂ"’ﬁﬂ@é& tEmV\ﬂhb' Varisdft coRtent.y i Bbﬁ@ﬁlrﬁﬁlftin Wﬁgﬁ:

Iayer is treated WI t he,starch t a, rat

wei ght of st ar chiSHAFeEH? He n‘?'%“‘ﬁé‘(? Us iU ﬁﬂ\"’scﬁ”cg tﬁﬂ%’ H%?gp?iﬁ?
ti ssue product. which pill oitingdtetyntoroathedayer to congact the Yamkeeosurfadey @asm ng

the resultant m 3ineuft b?"’tﬁ%’ﬁbnérhﬂnﬁni'nb%rﬁﬁe@i‘on Ehﬁdedrt%sé&ﬁmﬂﬁie slur ri es
are then each diluted, wt @/{H%Qg r at Q o&}ﬁ% re%i ive
fhn punps o copRpsirmately Brt S grsed o ins. 4% weiBh fompaled 5 the
dry weight of the finished tissue.
An aqueous slurry of NSK of about 3% consistency is made up using
a conventional pulper and is passed through a stock pipe toward the
headbox of the Fourdrinier.

In order to impart a temporary wet strength to the finished product, a
1% dispersion of Parez 750%is prepared and is added to the NSK stock pipe
at a rate sufficient to deliver 1.25% Parez 750" based on the dry weight of
the NSK fibers. The absorption of the temporary wet strength resin is
enhanced by passing the treated slurry through an in-line mixer.

The NSK slurry is diluted with white water to about 0.2% consistency
at the fan pump. After the fan pump, additional Accurac 62°, diluted to a
concentration of about 0.05% solids, is added to the mixture at a rate
corresponding to about 0.065% based on the solids weight of the filler and
the NSK fiber.

The three sturries {NSK, eucalyptus mixed with filler, and eucalyptus
without filler) are directed into a8 multi-channeled headbox suitably equipped
with layering leaves to maintain the streams as separate layers until



of the solid filler particles and eucal yptus fibers. After the fan punps
carrying the conbination of agglonerated filler particles and eucal yptus
fibers, additional Accurac 62[err], diluted to a concentration of about
0.05% solids, is added to each of the m xtures at a rate corresponding to

about 0. O6W&9&%§8‘70n the solids weight of the filler andpg,%@%g;nus
/17 .
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bond inhibiting conposition is prepared by nelting together a m xt ure of

equal amounts of Varisoft 134[err] and Pol y7@t hyl ene gl ycol 400 at a
tenperature of about 88[err]C. The nelted m xture is then charged into an
agitated water-stream at a tenperature of about 66[err]C to a concentration
of about 2%  based on the Varisoft content. The bond inhibitin

conposi tion  9igchaiaeente agmavelipghourdiiniar wire, sA theeerzhamber Pﬁt*\?agpﬁ’é is
slurry flows suaded hdthe sluiry af uasdlyptus withbet phricuide ditlemls diredtéd natied v

formthe |ayer érsarﬁpé}t&lgéhérggg ddire%"t‘iﬁ}‘iﬁﬁostHéfféﬁ'ﬁ‘m AWiré‘QBH?% t'gr&terlﬁ'd/?ggged on

I nhi biting conmposit)on IS d (o conpri se approxi na
the Varisoft 13?&%?5"]"%@99@ d3Hireriag to tr}:{‘)’ocﬁ'“%' ambgsy 8RE the SIHEY Pf ni shed

ti ssue. combined pueealyptus and particuNRK filler isbdiréct8dto ehe ioutarriayeri S made

up using a CQ?%' o d t i t oward
t he headbox o t,h,eér%%r?‘ph?gﬁe. ?d}ﬁ“ﬁé sgﬁﬁé?’n %’5%@?“[5 ola'i'rif%r%%rg "Firr_por ary
wet strength t FUfHeient selidstow toRrhieveabout 2Q%;affbe sry wejghaf the yltigate v |
i s prepared ancpaperathdeeudalyptos-oNGKslstrycdompises suffitient sdlids SowitoGchidvet 0

del i 1.25% R : [ t fib .
The absor pti on g | ﬁ??[e&r‘é?éﬁgjgﬁ?w i it b, S tnel Himdfey ' 01 <

g Strength resin i1s ) .
passing the trEHaalyREys aPY RarcHIale Ser STy Ramprises sufficient solids 1o achiee
slurry is dil utabbuti44P wifithe diptveeighvotitteuultihatépapesi Thesyrries ate t he fan
punp. After th ' pq}ab ' a
concentration g?dc a gggfagmgggggsc@h s,fﬁfsécggd%ggﬁtz%q %]go#)ésﬁrﬁgs?ugkﬁa rate
correspondi ng to about 0.065% based on the solids weight of the filler and
the NSK fi ber. The comipesitd slurryds dischbfgedontoctheatravailing Rouedrdhiecwlired
into a multi-chapngldflvatered assisted by a deflector and vacuum boxes.

The embryonic wet web is transferred from the Fourdrinier wire, at a
fiber consistency of about 15% at the point of transfer, to a patterned
forming fabric of a 5-shed, satin weave configuration having 84 machine-
direction and 76 cross-machine-direction monofilaments per inch,
respectively, and about 36% knuckle area.

Further de-watering is accomplished by vacuum assisted drainage until
the web has a fiber consistency of about 28%.

While remaining in contact with the patterned forming fabric, the
patterned web is pre-dried by air blow-through to a fiber consistency of
about 62% by weight.

The semi-dry web is then adhered to the surface of a Yankee dryer
with a sprayed creping adhesive comprising a 0.125% aqueous solution of
polyvinyl alcohol. The creping adhesive is delivered to the Yankee surface
at a rate of 0.1% adhesive solids based on the dry weight of the web.



headbox suitably equipped with |ayering | eaves to nmaintain the streans as
separate layers until discharge onto a traveling Fourdrinier wire. A three-
chanbered headbox is used. The conbi ned eucal yptus and particulate filler
containing sufficient solids flow to achieve 80% of the dry wei ght of the
ultimate papewao®/1MMected to chanbers | eading to each of tIPETIS6/1HIW0CT

| ayers, while the NSK slurry conprising sufficient solids flow to achieve
20% of the dry weight of the ultinate papgt[’ is directed to a chanber

u

| eading to a | ayer between the two eucaly s layers. The NSK and

eucal yptus slurries are conbi ned at the discharge of the headbox into a
conposite slurry. WO 97/ 17494 '
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The conposite sl urry N8 flReg cRAsIStAncY s inGrazsad 029yt P6% hedereriher wap isdry
and i s dewat er edrepad foauthe, Yankkef withtapdoctod blemleuum boxes. The

enbryonic wet web is_transferred fromthe Fourdrinier wire, at a fi ber

consi.stency of about TR&&egtor blade has @ havel paglerafabous 25 drgrees ardlis
forning fabric gbsitiohedheith réspech toaby ¥anked deyer abigIoviaa \un'eh et ARGl g¥e-

direction and 7§upg( gq-@é} e-direction nonofilaments per inch,
respectively, ang aﬁout o Knuckl e area. Further de-watering is

acconpl i shed by vacuum assi sted drai nage unti | the web has a fi ber
consi stency of about TR8Yercent crepe is alfjistad to @0t N8% By Wpatafig tHe Vakkte

patterned form rd | mS,dr i ed by ai.r
" bl owt hr ough toag{,%ria%edrb%cu(t)tr#gﬁs gr']@f%te%? EP%%E{A%% ngeéﬁ[p?ér minute),
The semi-dry weMhile gty ek istprmed:into ealk ate spesd af 856 1fpm (R0Lometersipen a
sprayed crepi ngmigimesj.ve conprising a 0.125% aqueous sol uti on of
pol yvi nyl al cohol. The creping adhesive is delivered to the Yankee surface
at a rate of 0.1 % adhesive solids based on the dry weight of the web.
The fiber consi st encyn® Yebiscanyesteddntmd threedayere Single-plyccreped patidrned

creped from t hedunsified tissud papeoprioducbbfidbout 18 Ib per 3000 ft2 basis weight.

Example 1 Example 2 Example 3
Kaolin content %__|None 8% 9.5%
Kaolin Retention N/A 83.2% 96.3%
(Overall) %
Tensile Strength 370 370 369
| {g/in}
Specific Opacity % | 5.06 5.45 5.27
Yankee Side Lint | 7.3 9.4 10.5
Off-Yankee Side 7.2 5.5 7.5
Lint
Lint Ratio 1.0 1.7 1.4
Ultimate Lint 7.3 7.5 9.1
Number
Softness score +0.08 +0.56 +0.54




The doctor blade has a bevel _angle of about—25-degrees and is posi ti oned
wWth respect to the Yankee dryer to rrow de an i npact angle of about 81

degr ees. The percent Lﬂll mll Eﬂ'l tll d- to about 18% by operating
t he Yankee dryer at about 8 m nut e) (about 244 meters per

m nute), dry web i$ formed info roll at a speeg, m (200
neters per V@ms’ﬁﬁi@f) The web is converted into a t ree&P(LOSer,

single-ply creped patterned densified tissue paper product of about 18 |Ib
per 3000 ft2 basis weight. WO 974,17494
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This Exanple illustrates preparation of a filled tissue paper exhibiting
one enbodi nent of the present invention. An aqueous slurry of

eucal yptus fiAfa®isOdi L. 3% by weight is made up using a conventi onal

r epul per. Q/p?—'ﬁ%% added to the slurry at a rate of 0. 02% based
on the dry wejght pf_.the 14 relative finis dr ht of
t he creped tILSUG ‘Sa%eqn % ﬁ"g ﬁl% %’Ppy {'%dt ¥ﬂr3d Eﬁﬂg g ?"H%/

equal flows wharactedzed limihatitr cemmses)wgpermdum\nﬁbsmand apnqmacelmlusiml t he
paper machi neparticulate filler, Bbm fisdue 9&%@{ Rafing bidsedS slirfitle) Bortdiny p é’iﬂ'é‘s wv

Gel i ver ec” e ety B Go e B e ofeBeF fﬁ"ﬁh%aw Srabldog it in et 4.

m xed with an_anionic floccul ent, Accurac 62, which is delivered as a
0. 3% di spersi®n i Mhedissue pagereEElaim 1avhereinssaid partipuiataiiller inselacted from
equi val ent t cclayocaiciun® lcdrborated titaniomt dibxie) Uale, cdlumiriss i giliodrs, g BalcRim t he
floccul ant angydg)! aRftind " tinyras! #RtiviBa &rbuh,! B8in St&r8R dcalcium sulfate,

glass microspheres, diatomaceous earth, and mixtures thereof, preferably said
particulate filler is clay, more preferably said particulate filler is kaolin clay.

3. The tissue paper of Claim 1 or 2 wherein said tissue paper has a basis

weight between 10 g/m2 and 50 g/mZ, more preferably between 10 g/m2 and 30

g/m2, and a density between 0.03 g/cm3 and 0.6 g/cm3, more preferably
_ between 0.05 g/cm3 and 0.2 g/cm?3.

4, The tissue paper of any of Claims 1 - 3 wherein said particulate filler
comprises from 5% to 50% by weight of said tissue paper, more preferably from
8% to 20% by weight of said tissue paper.

5. The tissue paper of any of Claims 1 - 4 wherein said papermaking fibers
comprise a blend of hardwood fibers and softwood fibers, said hardwood fibers
comprising at least 50% and said softwood fibers comprising at least 10% of
said papermaking fibers.

6. The tissue paper of any of Claims 1 - 5 wherein said tissue paper
comprises three superposed layers, an inner layer, a Yankee side outer layer,
and an off-Yankee side outer layer, said inner layer being located betwaen two
said outer layers.

7.  The tissue paper of Claim 6 wherein said inner layer comprises softwood
fibers having an average length greater than at least 2.0 mm, and said outer
layers comprise hardwood fibers having an average length less than 1.0 mm,
wherein the softwood fibers preferably comprise northern softwood Kraft fibers
and the hardwood fibers preferably comprise eucalyptus Kraft fibers.



ti ssue product. The adsorptio t is pronoted by passing the
m xture through an in |line mxe is forms a conditioned slurry of filler
particles. The aggl OMEIH’H "ﬂ"lﬂ"m filler particles is then

m xed into one of the stock pi i eucal yptus fibers and the
final mixturewomeeated with a cationic stdrch Redi BOND BSZASe416p00Whi ch
is delivered as a 1 % dispersion in water and at a rate of 0.75% based on
the dry wei ght of starch and the finished dry weight of the resultant
creped tissue product. Absorption of the gationic starch is inproved by
passi ng the resultant m xture through an in line mxer. The resultant
slurry is then diluted with white water at the inlet of a fan punp to a
consi stency of about 0.2% based on the weight of the solid filler
particles and ed&al yThastigsubgraper Af tGlaim Beof dnwhenginmpaidafiniey padiculate filler is

nbi nat i f Wil i | ypt fib ,
oD 1o " ot MO PO Vs sty 17 3 bl
lids, i dd t 1 Xt t . di.ng .t . t 0.060%
2oL, 2290 2 by el ISR o S

97/ 17494 added to the Yankee_-side layer, _preferably said bond_ iﬂﬁb‘ﬁip@gégérﬂBBO
71 , HiRy&roBenabipion! difiehyl anhidniuty Fidkiyd stifatk] bers is dil uted
with white water af” the inlet of a fan punp to a consistency of about

0. 2% based h i id A icl d,. | ypt

ibers atter 18 raine tiale Bapef B¢ 3! df Clalme . £8IAdreliysdlfc SHis phBey

filler particl epatigen densifiachpapar siichithatrzones efirelatively highcdensity ere dispersed

di | ;Jt ed t? a Cconithiti mahighnbdlk field,apreférablyOSdid Szﬂggd/s%f ie%%@egiﬁhodér:i@g are

mXture at a ra : % based on e solldas
t6n c[u%}?ﬁ\ﬂé?ﬁgﬁ Bulk ﬁeféﬁgléifcgeég

wei ght of the euCalyptu d inhibiting conposition is

prepared by nelting together a m xture of equal anpbunts of Varisoft

134[ err] and Pol yet hyl ene gl ycol 400 at a tenperature of about 88[err]C
The nelted m xture is then charged into an ‘agitated water-streamat a
tenperature of about 66[err]C to a concentration of about 2% based on
the Varisoft content. The bond inhibiting conposition is added to the
eucal yptus slurry flows such that it is added to the flow which wi |l
ultimately formthe layer to contact the Yankee surface. An amount of

t he bond inhibiting conposition is added to conprise approxi mately 0.15%
based on the Varisoft 134[err] weight conpared to the



dry weight of the finished tissue. * An aqueous slurry of NSK of
about 3% consistency is made up using a conventional pulper and is
passed t hrough a stock pipe toward the . headbox of the Fourdrinier.

In order to inpart a tenporary wet strength tbo the finished product, a 1
% di spersion wiodar@a 75 err] is prepared and is added to POFUSEKG6IW0OCK

pi pe at a rate sufficient to deliver 1.25% Parez 75 err] based on the
dry wei ght of the NSK fibers. The absorption of the tenporary wet
strength resin is enhanced by passing the treated slurry through an
in-line mxer. The NSK s;:yr% is diluted-with white water to
about 0. 2% consi stency at the f ptnp. After the fan punp, additional
Accurac 62[err], diluted to a concentration of about 0.05%solids, is
added to the mxture at a rate correspondi ng to about 0.065% based on
the solids weight of the filler and t hen NSK fdeitg © The three
slurries (NSK, eucal yptus mxed with fill e T"of NS Ot TS W t hout
filler) are directed into a nulti-channel ed )i t abl y e qui pped

with layering |eaves to maintain the st e SRS c ayests until

WO 97/ 17494 = = @

PCT/ US96/ 16300 € = di schar ge
onto a traveling Fourdrinier w oX IS used.
The slurry of eucal yptus w thou 1ﬁi'rect ed to the
chanber di scharging directAy on ce. The slurry
containing the NSK is di rgcted 8 t and the slurry of
conbi ned eucal yptus and particul Xt o the outer |ayer
chanber away fromthe forming surface. The NSK sl drry conprising

sufficient solids flow to achieveflia 20% of thg dry wei ght of the
ultimate paper, the eucal yptjusfonky slurry conprises sufficient solids
flow to achi eve aboutx36%of[ t h§
t he conbi ned eucal ypt®s ahd partX
sufficient solids to achijeve aboul ™
paper. The slurri e%gare
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conbi ned at the discharge of the headbox into a conposite slurry.

The conposite slurry is discharged onto the traveling Fourdrinier wire

and is dewatered assisted by a deflector and vacuum boxes. The
enbryonic wet web is transferred fromthe Fourdrinier wire, at a fiber
consi stency owmdmbiss15% at the point of transfer, to a pat trernusdés163goor m ng
fabric of a 5-shed, satin weave configuration having 84 nmachi ne-

direction and 76 cross-nachi ne-direction nonofilanments per inch,

respectively, and about 36% knuckl e area. Further de-watering is
acconpl i shed by vacuum assi st ed dr%?&%qf unti | the web has a fi ber
consi stency of about 28% "l e remaining in contact with the

patterned formng fabric, the patterned web is pre-dried by air

bl ow-through to a fiber consistency of about 62% by wei ght. The
sem -dry web is then adhered to the surface of a Yankee dryer with a
sprayed crepi ng adhesi ve conprising a 0.125% aqueous sol uti on of

pol yvinyl al cohol. The creping adhesive §$ delivered to the Yankee surface
at a rate of 0.1 % adhesive solids based on the dry weight of the web.

WO 97/ 17494 oY) PCT/ US96/ 16300
73 The fiber consistency is iwereased to about 96% before the
web is dry creped fromthe Yankee wi t F=a doctor bl ade. The

doctor bl ade has a bevel angle of about 25 degrees and is positioned with
respect to the Yankee dryer to provide aA_i npact angle of about 81

degr ees. / The percent crepe Is adjusted to about 18% by 0perating
t he Yankee dryer at about 800 fpm (feet per mnute) (about 244 neters per
m nut e), while the dry web is forned into roll at a speed of 656 fpm (200
meters per
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m nut es) . The web is converted into a three-layer, single-ply
creped patterned densified tissue paper product of about 18 |b per 3000

ft2 basis weight. Exanple 1 Exanmpl e 2
Exanpl e 3 Kaolin content % None 8% 9. 5%

Kaol i n Ret ent maper/1hdod 83. 2% 96. 3% ( CIIS96/) 6360
Tensile Strength 370 370 369 (g/in)

Specific Opacity % 5. 06 5.45 5.27 Yankee Si de Lint
7.3 9.4 10.5 O f - Yankee Si de 7.2 5.5
7.5 L int Li nt Rati o. 1.0 1.7 1.4
Utimte Lint 7.3 7.5 /4 9.1 Nunber

Sof t ness score +0. 08 +0. 5(3 +0. 54 WO 97/ 17494
PCT/ US96/ 16300 74 What is
claired is: 1. A strong, soft and |low dusting filled, |ayered creped

ti ssue paper characterized in that it conprises papermaking fibers and a
non-cellulosic particulate filler, said gissue paper having biased surface
bondi ng properties such that the lint ratFfo is at least 1.2, nore
preferably the lint ratio is at least 1.4.4n 2. The tissue paper of Caim
1 wherein said particulate filler is seleghed from clay, calcium
carbonate, titaniumdioxide, talc, alum e silicate, calcium silicate,
alum na trihydrates, activated carbon, pearl starch, calciumsulfate,

gl ass m crospheres, di atomaceous earth, apd m xtures thereof, preferably
sai d particuleuﬁffiiier TSs—ctay, Tore pFgferabry—sard—partftn+at3\{iIIer
is kaolin clay.
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3. The tissue paper of Claiml or 2 wherein said tissue paper has a basis
wei ght between 10 g/ n2 and 50 g/ n2, nore preferably between 10 g/n2 and 30
g/ n2, and a density between 0.03 g/cnB and 0.6 g/cnB, nore preferably
between 0.05 g/cnB and 0.2 g/cnferr]. 4, The tissue paper of any of
Claims 1 - 3 whmemimTeasai d particulate filler conprises fronecfiseedodo by
wei ght of said tissue paper, nore preferably from 8%to 20% by wei ght of
sai d tissue paper. 5. The tissue paper of any of Clains 1 - 4 wherein
sai d papermaking fibers conprise a blend of hardwood fibers and softwood
fibers, said hardwood fibers conprising at |east 50% and said softwood
fibers conprising at |east 10% of said papermaking fibers. 6. The

ti ssue paper of any of Clains 1 - 5 wherein said tissue paper conprises

t hree superposed | ayers, an inner |ayer, a Yankee side outer |ayer, and an
of f - Yankee side outer layer, said inner |ayer being |ocated between two
said outer |ayers. 7. The tissue paper of Claim6 wherein said inner

| ayer. conprises softwood fibers having an average |ength greater than at

|l east 2.0 mm and said outer |ayers gg?ﬁiise har dwood fi bers having an
average length less than 1.0 nm whe the softwood fibers preferably
conprise northern softwood Kraft fibers and the hardwood fibers preferably

conprise eucal yptus Kraft fibers. WO 97/ 17494

PCT/ US96/ 16300 75 8. The
tissue paper of Claim6 or 7 wherein said fine particulate filler is

| ocated predom nantly in the off-Yankee side outer |ayer. 9. The

ti ssue paper of any of Clains 6 - 8 wherein a bond inhibiting agent is
added to the Yankee-side |ayer, preferably said bond inhibiting agent is

di (hydrogenated) tallow dinethyl anmmoni um nmethyl sulfate. 10. The
ti ssue paper of any of Clains 1 - 9 wherein said tissue paper is
125
123 124
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pattern densi fi ed paper’ sucht
di spersed
hi gh density are

|

hat zones of
within a high bulk field, preferably said zones of_g
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(57) Abstract

Soft, strong, and low dusting tissue paper webs useful in the manufacture of soft, absorbent sanitary products such as bath tissue,
facial tissue, and absorbent towels are disclosed. The tissue papers comprise fibers such as wood pulp and a non-cellulosic, water-insoluble
particulate filler such as kaolin clay and possess biased surface properties.




