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This invention relates, in general, to creped tissue paper products 10 and
processes. More sg@cﬁlcally, It reI ates to creped tissue paper roducts
made from cel | WW@2B188 ps and non-cel | ul osic water insol ubl e pZRCEFUS

fillers. BACKGROUND OF THE | NVENTI ON 15

‘Sani tary paper tissue products are widely uked. Such items are
commercially offered in formats tailored for a variety of uses such as

faci al tissues, toilet tissues and absorbent towels. The formats, i.e.
basi s wei ght, . thickness, strength, sheet size, dispensing nedium etc.
of these products 20 often differ wdely, but they are |inked by the
common process by which they orlglnate the so-called creped

paper maki ng process 1 . - : :.J_Jn& Reaad E-Iy

conpacting p in g
in basis wei t (nass per unit 25 area) as mell as dranatlc changes in
many physical properties, particularly when neasured in the machi ne

direction. Creping is generally Iwmwth a flexible blade, a
so-cal | ed doctor bl ade, against a in an on machi ne
operation. 30 A Yankee dryer is a large dianeter, generally 8-20
foot drum which is This ihventicrerblatasbia gererallto aeﬁad*hﬁ*h@béﬁéﬁ WQV' de a

of the papertaki® 9“59%32”&‘2‘? drigirically, Qﬁevésgﬁ%ﬁsﬁﬁﬁvﬁgﬁﬂ o
f or am nous form &!ulqsemumem nen-gelidosicwaterinsoluble pamIeuIate t | s
freed of the co;ﬂllerss wat er

G FE THE IN 1
15
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
20  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
25 area) as well as dramatic changes in many physical properties, particularty
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.

30 A Yankee dryer is a large diameter, generally 8-20 foot drum which is
designed to be pressurized with steam to provide a hot surface for
completing the drying of papermaking webs at the end of the papermaking
process. The paper web which is first formed on a foraminous forming
carrier, such as a Fourdrinier wire, where it is freed of the copious water

35 needed to disperse the fibrous slurry is generally transferred to a felt or
fabric in a so-called press section where de-watering is continued either by
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felt or fabric in a so-called press section _where de-watering is _.
cont’i nued either by WD 96/ 31653
PCT/ US96/ 04134 2

nechanlcally conpacting the paper or by sonme other de-watering nethod
such as through™@863e3wi th hot air, before finally being transiEYPRHMI

Fhe sem -dry condition to the surface %f t he Yankee for the drying to
be conpleted. 5 The vari ols creped tissue paper products
are further |inked by common consuner demand for a generally

conflicting set mechayicaliycompactingrthe paperer by'some atfien gletwatering metbod:55| on,

i.e. softness whil@ agthrbligh -aﬁyﬁbwnthhoié%éfaiﬂml Héi A trah<FEREd th tad
reswtancetolmtuzavand hetactlle

sensation per cei Sy qandition} o0 Bﬂ%ﬁ ’g§°°°“h°r¥é"§ﬁ% ‘I"fcff‘ rﬂ"ﬂi‘?i’?cul ar

product, rubs itcompleted.hi s/ her skin, or crunples it w t hin his/her
hand. This tagtile sensation is proVi ded by a corrbi nati on of sever al

physi cal properties. e of the ort ant si ca | es 15
rel ated to softness |'8'? ¥adousy ?’?%@i@?‘gpﬁ’?ﬂﬂm §§f%ﬁ4f€'\9§g Piﬁe art to
be t he st i f émncdonsbmep demandddr & gemeratly chwﬂ:ﬂhgwetd:ﬁ physisalnade.

Sti ffness, progertid. A Diekai) b6 HRILRR a%mg geéuﬁs&s pnt. on

t he strength of Ity of the
product, and |ts“'@§ﬁﬁvm%mgm9tﬂ3“99’°ﬂﬁml?ﬂmﬂ fustingegrity and

to resist te@@ing, bursting, and shreddi ng under use conditions.

Linting and dusting rgms ‘gﬂ% c*'at e(ﬁggﬁ,&)&eﬂ? Pr%qﬁé%ﬁme as unbound

or |oosely bound fibers or par I'ng ofr use,
Creped tissue papelshefolds@ maypmﬁsx.lrywt@sw&maheps R, orcrumpleg ihaki ng
f It ber Si hSmal 11 an@ithinchisthet hand.CrHis tdetiRd femahon #provided by & 6ombinativs of
strength or dry
chem cal soft ene%"ﬂ%ﬁ%gﬁﬂi&{ﬁ @{é éﬁﬁﬁgﬁﬁ Wé%%?@éﬁ'e‘?{?’%ﬁ?ﬁm uded
but these ar &5t yralatedito sofingsaisgenerallyiconsiderad by mOSEH&lllpépemaﬁthel bers
nost frequently iHerélifingss of fFpdpe? Web fRAR Whictth® prodditis Made! Saine¥dPth 30
pul ps. 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
20 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
25 papermaking fibers. Small amounts of chemical functional agents such as
wet strength or dry strength binders, retention aids, surfactants, size,
chemical softeners, crepe facilitating compositions are frequently included
but these are typically only used in minor amounts. The papermaking fibers
most frequently used in creped tissue papers are virgin chemical wood
30 pulps.

As the world's supply of natural resources comes under increasing
economic and environmental scrutiny, pressure is mounting to reduce
consumption of forest products such as virgin chemical wood pulps in
products such as sanitary tissues. One way to extend a given supply of
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wi t hout sacrificing product nmass is to repgﬁce virgin chem cal pul p
fibers with high yield fibers such as nech&hi cal or chem - nmechani cal

pul ps or to use fibers which have been recycled. Unfortunately,
conparati vel y savaotpulptwithout sadrificingpnoduttmassiisdouveplate yirginoeivgmiocales 5

such changes. mbf‘lbﬁ%rﬁlri" ?ibb& #Lgdgf‘aﬂﬁﬁb iEALUrehe e}%ﬁ@lﬁé

contributes to

ﬁﬁh

e

fibers sel l&i"'b@déﬁ?sw keean cacyaled. ”ﬂfgﬂg@%ﬂ% of the
mechani cal or mmmmaldaeéﬂdmﬁmmmﬁdnﬁmceubuﬂyammm i s due

to th t h | d
Subst ance. - ssch S changes, 'SuERfioGis ard diond |PRARE L Al Codtrpdiss ! 00
hemi cel | ul oses. CPAtributektasthe loss ef:tba velvely feghwhich s irpasted by prime-fikersi ng
its length. Recyeleviedbpciuserdf their flactidnedss If the chse 6f thehetharediani cal

he’ wast epaper b%ﬂ@*ﬁ%ﬁ%ﬁ%%mﬁﬁw high jgardeheS i fud i wie veliEri s,

occurs. This is haoogmellubsmﬂmamts pkthergsiginal weodubstaneepsueh ber
blended Lo nake MEBHeNSHcILAEFrin 4d SoRtehied hefrieRIisses. "‘"”Waﬁﬁ‘gg Sper
ot he cel ac: dbchbarBlo hobs withbuineictafio f 18fah b i n
‘nat ure; however ,alssmtend tolhavetachigh m&l:hanioampulpaontent.alnntnavemwhen all dueom
‘coarser soft mo%&i@é&mﬁ%"h Qéle&{ﬁfgsiﬁés\&aﬁ%fﬂé? e i3 Iﬁéh 20

‘variations of Sou rstens sued

ern
Novenber 17 15698 r%ﬁmsw?lspﬁwmhémwﬁmm 9rflS OB MBPHES | e
textural andssumhixture of fibert merphotugiés whichi nmalpdcu;rspvhempépérefrmn mang.

Pat ent 5, 228, 95 °%S“ Patcapiair: 405, 499,
Vi nson, to |ssu;b° ri Qﬁed §qn%wt% 2%\:(” Qr%tﬁgpﬁ%ér'gwﬁ' r r.grence 25
di scl ose net hodé”&?"%r"&lﬁ% selerted; bacause, it/is pamaply, Narth Amarican, e | ess

del et eri ous ef f dvardwoobd in naturé; However \otle will ufteplfmdesxtsnswescdritairimﬂoand t he

" ts thely usaohy Eﬁéfsbpgmiﬁbﬁe*é‘* of e it Ydierlody fhocibs sk &'
met hod of | i2Ri t iv@etinas gk8oythern 's R HeS- pPatﬁ"‘s"aaW 8B}, Camstens. jsewed s to
repl ace part of Ndvember 17, 1084 aribincorporated 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,
25 disclose methods for upgrading such fiber sources so that they have less
deleterious effects, but still the level of replacement is limited and the new

fiber sources themselves are in limited supply and this often limits their use.

Applicants have discovered that another method of limiting the use of

wood pulp in sanitary tissue paper is to replace part of it with a lower cost,
30 readily available filling material such as kaolin clay or calcium carbonate.

While those skilled in the art will recognize that this practice has been

common in some parts of the paper industry for many years, they will also

appreciate that extending this approach to sanitary tissue products has

involved particular difficulties which have prevented it from being practiced
35 uptonow.

One maijor restriction is the retention of the filling agent during the
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car bonat e. Wil e those skilled in the art _will recognize that this
pra€ti ce has been comon in sone parts of the paper industry for nany
years, they will also appreci ate that extending this approach to
sanitary tissue products has i nvol ved particular difficultj |
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‘major restriction is the retention of the fi IJi ng agent during the
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paper neki ng pr ocespapermakingrrpeessy rAnong paper-pioduets. sanitanetissies age aban

ext rgma of | 0W| b?SéﬂréH%YGf‘IEW bdyis ﬁélﬂhﬁ ‘I‘ﬁ?%&isﬁelig\ttdf%sﬁﬁubﬁtﬁbiﬁs itis i s |
wound on a reel froma, Yankee nmachigpe .i s i.ca on 0 rr
and because ofoyfftop Fé’ﬁ@l{':r‘?ﬂ' afﬂ?’é'%ﬁ?d?‘%@”ﬂﬂ{f &Pﬁﬁh'%&ﬁ@#é‘i ﬁ?mggﬂ ng
bl ade, 5 the dry bedauselnfthescrepegor foreshortening; intieguced atthe crapingbjade;

sections of thes ne dfffibbadis waighti e b %bﬁ%a,amdwiﬁamwwmasis
S

AR
wei ght by fromabout = Yo £0, about 20%. Tq C und the difficulties in
retention caused bpachipeis act“PMm:ﬁ? edinis qqo‘gg !&%?QH&%{S?%P

extreme of | ow dent0%to abbut20%. To ¢compoundihedifficulties indtetention caused bydhen
the reel of only bl? 10v7 dbfsi i zed
% J,Ie%rﬁ 3&3@@ &ég@ otupy 88 extréife! df 16W dbdisitys ofteA

that sonme of this t the crepi | ade, .t hose
skilled in the arth@yinganappgrant depsity as WQQB@%B%'%&Q%"E aq’&é'h@r‘aﬂ’sF?'%'
fornmed from rej@tijesky Vhilecit i rechgniked thatsome dftthis lofbis intrbducedodt the  whi ch
.they are conprised ' . il

‘machi nes are requi ?@éﬁ(ﬁ%%%ﬁﬁ %ég@"%%%%&ﬂ“@%@@'?%%émﬁﬁfﬁf? t hus
15 free stock is genarally fasmeddtanmrela ﬂ'P?étchrWH'%"}ﬁa% iptdke fibersafyi ng
| gfi?; The rel ati vewitichithéy afd Esmprisedareirt nendered flaceid SronTheatirigai Tissueei IrI |
ability to pr r ' . ekkl e
M the art - wi fRcReE she FedilisB Bpbral at 8y figh Spoédfiolh priical ik,
structures do kot free stagkfie naeded tosprenent exsassive fasmingpregsurgsrand dryingi ne
particul ates as thpageTresreflivelyosti fitiers EbmpAsing Mé freb Stockbtainithviraabilityel v

affixed to fiber syrfaces w,Jl b . r . t 5 of hi gh
speed approach flo wetm,thﬂﬁmwmcJe%i%‘@@ﬁﬁ%?q%ﬁ%@em)d 'ﬁrﬂ}‘;gﬁ. ven
t hrough t he enbr yowilkatargseiracegnize thadtsuch light waight,lew density stidcturesAarptyeb.
Only with repeat edafiérehdily signifiCaritispporusity to filter ine pakticulatos as iive web isioes

begi ne. Lo ex t 20 ¢ frear. et BlriciaH rod shsiAn@Eny rmseg 1 B puiaBed Wil 66,
ef fluent are i npr atarn@way by the torrent of the high speed approach flow systems, hurled
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 form the web does the concentration of particulate build to a point
25 where the filler begins to exit with the paper. Such concentrations of solids
in water effluent are impractical.

A second major limitation is the general failure of particulate fillers to
naturally bond to papermaking fibers in the fashion that papermaking fibers
tend to bond to each other as the formed web is dried. This reduces the

30 strength of the product. Filler inclusion causes a reduction in strength,
which if left uncorrected, severely limits products which are aiready quite
weak. Steps required to restore strength such as increased fiber beating or
the use of chemical strengthening agents is often restricted as well.

The deleterious effects of filler on sheet integrity also often cause
35 hygiene problems by plugging press felts or by transferring poorly from the
press section to the Yankee dryer. '
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A second mmaj or linmtation is the general failure of particulate fillers to
natural ly bond_to papernaking fibers in the fashion that paperneking fibers
tend to bond to each other as the fornmed web is dried. This reduces the 30 -
strength of the product. Filler inclusion causes a reduction in strength,
which if left uncorrected, severely limts products which are alr te
weak. Steps red¥PP¥#M6PH restore strength such as increased fi bé’F‘@@ﬁMﬂJ
the use of chem cal strengthening agents |ssoften restricted as well.

|The del eterious effects of filler on sheet Integrity al so often cause 35
"hygi ene problens by p ng press felts or by transferring poorly fromthe
press section to the Ffeagll%euswq/nrpducts containing fillews are/prone o lint or dust.

PCT/ 96/ 04134 This is not only because the fillers themselves can be pd'brly trapped within

ELelty. 7St RS bl BAB0BeAN e e i o IR

(Wi thin t he effsist whigh eatsesadoeajzedmnmafmber andnqmgmto)tmd bond
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converting oper afiexcessivedastoreated when the paper ischahdbad. CAadhed when t he

' i s handl f
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be relatively ffileddissuedemand thalthey begelatively fregnfdinh) GE P§' the use of

fillers in papers made on Yankee machi nes has been severely limted.
‘United Statd® Patent Coyrisequanitly, thesuseedf filleTs ircpapers madeortYankee miachin®s0,

-and i ncor por at eghgday it ﬁ&%rgfbd Bcﬂrﬂeﬁ%ﬁf‘e@%&t 2,216, 1%”?356&& R¥hiél
Er)

fillers on Yankee scl oses EE@“?/ orporat I on

whi ch over cones Q'h '“Wﬂﬁt% f?femfmﬂim SthRuires a
cunber sone unit lingitatiohs of fillers oraYarkdeayachinés and discloses amethdd of ”

particles O”t 0 tlh&r&ﬁ}&loﬁ'vﬂ'ﬁd%véﬂ&ﬁm%@?ﬁésé"ﬁ‘h{ﬁ&ud&% 'Lﬁﬂbﬁuﬁﬁ%ﬁ%%ﬁb& he

Yankee IS O atron1s speed
Yankee éac rrﬁﬁwge%ﬂwmbﬁmemlt pegratlnntmeoatra layer pf adhesively baung: t he

Thiele nmethod particles bAtathedelk side of ¥8é sHedtayHiR!it isliARohtdct R4thithe Yankee

Dr o0 ctont | Gt K oaretR T8 ot prach b it ich Bogel VaRghe , {, 1"
"filled tissue pageiinesangthogmsighed in themwﬂlrremze that the Thiele memmed to
the fibers pri orwduld phreduceasesated YatheF than filled tissue product. A “filied tissue

20 paper” is distinguished from "coated tissue paper” essentially by the
methods practiced to produce them, i.e. a “filled tissue paper” is one which
has the particulate matter added to the fibers prior to their assembly into a
web while a "coated tissue paper” is one which has the particuiate matter
added after the web has been essentially assembled. As a result of this

25 difference, a filled tissue paper product can be described as a relatively
lightweight, low density creped tissue paper made on a Yankee machine
which contains a filler dispersed throughout the thickness of at least one
layer of a multi-layer tissue paper, or throughout the entire thickness of a
single-layered tissue paper. The term "dispersed throughout" means that

30 essentially all portions of a particular layer of a filled tissue product contain
filler particles, but, it specifically does not imply that such dispersion
necessarily be uniform in 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.

35 Therefore, it is the object of the present invention to provide for a
tissue paper comprising a fine particulate filler which overcomes the
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web while a "coated tissue paper” is one which has the particulate matter
added after the web has been essentially assenbl.ed. As a result of this 25
di ffference, a filled tissue paper product can be described as a relatively
| i ghtweight, |ow density creped tissue paper nmade on a Yankee nachi ne

whi ch contains g filler dispersed throughout the thickness of a% ba19de
layer of a rrultlw-qgéﬂ?é?s"'tissue paper, or throughout the entire thickness of
a - single-layered tissue paper. The tergn"dispersed throughout” neans
that 30 essentially all portions of a particular layer of a filled tissue

product contain filler particles, but, specifically does not inpl

i It | L, It :
that such di sper3fospmentioneddiaitations of theuprigr arbr Fne Hsﬁmaﬂ%ﬁ the present:: |

certai n advant aginvention isssoft, contains Eretexttive filler,eds ahighdevel &f térsflence i n
filler concent ra&ljrgrih%ﬁsalfd {sqgﬁthj,lans@f thickness in a filled | ayer of
erero it

tissue. 35 re, 'S the object of the present invention to
Drvorconeo the T ot AeRb e SBtaned (nd e prosert ivirdon as " "
PCT/ US96/ 04138!  will be taught in the following disclosure. 6

aforenentioned limtations of the prior art. The tissue paper of the

pr esent I nvention is soft, contains a retentive filler, has a high

| evel of tensile strength, and is low in dust. This and
ot her objects are obtained using tSEMMARYOF TREINVENTION S wll be
taught in the follow ng disclosure.

SUMVARY OF THE | NVENTI ON The invention is a strong, soft
filled tissue paper, Thainventiomis aswong softfilediissue papen awip |i§'3|95ﬂrd§1$¥ ng

L Pt ol IS vaper g Vo ren bl bt s AT 1,10
u . o u u
2% 1o sboat 0% 5%)3&@%%?}2?:3{?&’%%%%2?@“ w&g&&eﬁéﬁ@oﬁﬁﬁ- oot
sof t ness, st rengptefera iabout @ y weightofisaidhtissueobt ai ned by
filling creped tUﬁék&fﬁé@Emeiﬁhoﬁé‘ Softridé8! stréifgth. andisistdridedb Aubting €' S-
Inits preferred QRS Shisined 15y }.mfg Eﬁgﬁﬁ.ﬁs‘éﬁe 258/ with tress 1bveis ot
15 particulate fillers. -

In its preferred embodiment, the filled tissue paper of the present
invention has a basis weight between about 10 g/m2 and about 50 g/m2
and, more preferably, between about 10 glm2 and about 30 g/m2. Ithas a
density between about 0.03 glm3 and about 0.6 glm3 and, more preferably,
20 between about 0.05 g/m3 and 0.2 g/m3.

The preferred embodiment further comprises papermaking fibers of
both hardwood and softwood types' wherein at least about 50% of the
papermaking fibers are hardwood and at ieast about 10% are softwood.
The hardwood and softwood fibers are most preferably isolated by

25 relegating each to separate layers wherein the tissue comprises an inner
layer and at least one outer iayer.

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
30 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
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I nvention has a basis weight between about 10 g/nferr] and about 50

g/nferr] and, nore preferably, between about 10 g/nferr]__and about 30
g/nferr]. It has a density between about 0.03 g/nferr] and about 0.6
g/ n8 and, nore preferably, 20 between about 0.05 g/nferr] and 0.2
g/nerr]. The preferred enbodi nent further conprises

papger maki ng fi PG /33653 bot h hardwood and softwood types whBF/P§pek134

| east about 50% of the papermaki ng fi ers are hardwood and at | east
about 10% are sof t wood. The hardwood and softwood fibers are nost

preferably isolated by 25 relegating each to separate |ayers wherein the
ti ssue conpri separiculateiier is selédgttfromthezgro&hpaeaﬂscsim oficiay, dalojum.
The preferred t de‘r‘m@ﬁi‘fém ?ﬂg@rtﬁ M illdake, ical ts‘ﬂid&te

densified such that, zones. o

ensity ersdvmthlna
“high bulk fi el dalyrippidyds aﬁ?a?%\m @?saéon. gﬁaf F@%%ﬁ‘é‘r‘ switsis,
‘relatively 30 h\ngimsﬂbassl diatomaceousisariby, and nixtures thecﬁofleheri seledtnmgsa

di screte. Mgt fillec fg&ﬁﬁ&&ﬂ@%f Pr&@}%ds?é?ﬁctﬂ%edt%ﬂé‘é@élﬂ&eﬁ' sk cd-

~The |nvent|on pr sue er conprl
paper maki ng fi b&cludgeost, %‘@'FP(‘!‘EM aage F?‘EV“" Wt‘?m%éﬁ%@ﬂv odi ment

t he sciiferiify poténtial, refractive index, and chemical oompatlblhty with the
PCT/ US96/ 04134

particul ate fil Fglectesd Psaeqeé%}ak'(ﬁ'gfernd'ﬁﬁopﬁ'gn&r oup consi sting of clay, calcium
carbonate, titaniumdioxide, talc, al um num silicate, calciumsi] |é§1te

al um na trihydrate, Bhesnawbeen faysd thala particularly suitabledjliigriskaqlincay.g| ass
m crospher eg0 divdst preferably ther sdcalledd hytrous rahsminbar siliateVYorm of&aolinclay a 5

filler fromthe; ?Pi%\‘%rr?&@k‘%ﬁt?é’ﬁ&&# RFkSRs YRR, &8 AnEY BlokBbegh by "ose

I ncl ude cost, ease o0 r alning In sue pap color
scattering pot eﬁ@cmmgref ractive index, and chem cal conpatibility with the
sel ected paper maki ng environnent. It has now been found that a

parti Cu.l. arly suitabl G‘héirhdrphologyloﬁkhblin is/reaturall platp ot blocky coutiilis t he so -
Contast oAt o PRCBERRY'D g bogh Shic Mol B sheflpl tp mechanic =1 o 2
15 deiamination treatments as this tends to reduce the mean particle size. Itis
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
20 diameter greater than about 1.0 micron is preferred.

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

BRIEF DESCRIPTION OF THE DRAWINGS
25

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

30
' Figure 2 is a schematic representation illustrating the steps for
preparing the aqueous papermaking fumish for the creped papermaking
process, according to one embodiment of the present invention based on
cationic flocculant.
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The norphol ogy of kaolin is naturally platy or blocky, but it is
preferable to use clays which have not_ been subjected to nechanical 15_.
del ami nation treatnments as this tends to reduce the nmean particle size. It
is common to refer to the nean particle size in ternms of equival ent
spheyi cal di aneter. An average equival ent spherical dianeter greater
t han about 0.2 WO9%/3#§58ron, nore preferably greater than about M
is preferred in the practice of the prgsent invention. Most
preferably, an equival ent spherical 20 diaheter greater than about 1.0
mcron is preferred. " All percentages, ratios and proportions
herein are by wei ght unless .ot herw se specified.

BRI EF DESCRI PTI ON - OF fﬁ’gﬁr&?ﬁlﬁ 3Eheratic representation iEhﬁkEtﬁlrgjthb%t@psSﬁPe”m Ic
representation illustr Mg a crepe , g\aﬁﬁrnp &régg% oaess of the
present inventi oRMGPSFNG ﬁ‘i‘?ﬁj’sappaﬁq'@ﬁb',"g sh for the creped pAPRIMAkIng o he g

ti ssue paper conpracess\ageerdingrickamagthér émbodiment of the presentinverttienfbasedr s. 30
Figure 2 is asschrERidnic fisddufspgnt ation illustrating the steps for

preparing the agueous papernmaking furnish for the creped papernaki ng

process, according to one enbodi nent of the present invention based. on
cationic floccul ant. ' WO 96/ 31653

PCT/ US96/ 04134 DETAWED CRIPTIA GF HiE FPicigent ation
illustrating the steps for agueons papermaki ng furni sh

for the creped papermaking process, accordi'ng to anot her enbodi nent of
the present jgventi onrwiileasis specifitatidh estictuddsowithitiaimis 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.

15 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."

20 As used herein, the term “water soluble” refers to materials 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

25 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
steps of adhering the sheet in a semi-dry condition to the surface of a

30 Yankee dryer, completing the water removal by evaporation to an
essentially dry state, removal of the web from the Yankee dryer by means of
a flexible creping blade, and winding the resultant sheet onto a reel.

As used herein, the term "filled tissue paper" means a paper product
35 that can be described as a relatively lightweight, low density creped tissue
‘paper made on a Yankee machine which contains a filler dispersed
throughout the thickness of at least one layer of a multi-layer tissue paper,

SUBSTITUTE SHEET (RULE 26)



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 While this specification

concludes with clains particularly pointing out and distinctly
clai mng the subject natter regarded as the invention, it is bel i eved

that the invention can be better understood froma reading of the

foll ow ng detail ed description and of the appended exanples. 15 As
usetl herein, tTOPEIA conprising” neans that the various PESW&WWS,

i ngredi ents, or steps, can be conjointly egpl oyed in practicing t he
present invention. Accordingly, the term"Conprising"” enconpasses the

nore restrictive terns "consisting essentially of' and "consisting of." 20
As used her ei n, or throughout'the entiresthickhess ofaesmgie-tagereﬁlss’ualpapahaﬂ'here

sol ubl e i n wat efgdyprdis ér?ﬁihrat{ h&ﬂ" H’ﬁh ’ihat%%séﬁi "all'portions of a AS

used herein the ter a er sheet
and paper pr odu®aF %f'?!é?fasqut! @@FSPB‘P 599% bﬂgﬂﬂgpl 3%&5'5 25
gor‘rprl sing the speqnﬁcaﬂg doesmotdmply that suchsdispersiomaidcegsérily beaniform in

t t i er
wirer 119 G8g° Matider Wik, e liGuiRagel G4l e sptcipefiy B acHitihg
vacuum assi st ed differencg mfﬂlsgéonvmtfatcen ag;a fungtion pfatmlwgss ima ﬁﬂed layer of

‘evaporation, comipsuesi ng the final steps of adhering the sheet in a
sem -dry condition to the surface of a 30 Yankee dryer, conpleting the

wat er renoval by evagf of
the web fromthe Yankee%;rrﬁ tﬁﬁ&eegegttgﬁfesﬁﬁﬁéﬁbéq%ﬁllg I%@Fhﬁ%ﬁde
and wi ndi ng t he Multidavesed W§Pe@&‘ thiayered paner sheet and muiti-layesgd peper her ei n,
the term "filbl egroduct aresiingsed |ﬁmmarigehb|9€ihtlﬁé artucrefébto shedts of papeér

mmde on-a vankeR oRatps froi byl Bt Bbers & ool norl BRing R which, o bt
the thickness ofrépreferably enraprisgd-ef differgntfibar typ%ﬁyé"rle fibersiypigalicbeing

WO 96/ 31653 relatively long softwood and relatively short hardwood fibers as used in
PCT/ US96/ 04134

throughout t he 5346 RaRSY; rpRKINg s Thy layers arg Rrefershly formed.from '%%BBP"S'%
t er m " di sped§ed of separgtersireams ofdilute fiberslugiesi upgdnong or pore endiessf a

particul ar | ayeforﬁﬁnﬁbtﬁ édrﬁée&' ?ﬁHS uEHuﬂQU&Itla%&Btél‘é ihifiall t%ﬁn@é‘hh'srﬁlbﬁﬁal%b‘“

Ltm form ?ﬁec' H ?&an?(nouosessu ac:esI Izyers canbe subsquentFy combuewcg vﬁ\
to form a multi-layered tissue paper web.

20 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 muiti-layered tissue paper web. As
used herein, the term “muiti-ply tissue product" means that it is comprised of
more than one ply of creped tissue. The plies of a multi-ply tissue product

25 can be substantially homogeneous in nature or they can be multi-layered
tissue paper webs.

The first step in the process of this invention is the forming of at least
one "aqueous papermaking furnish”, a term which, as used herein, refers to
30 a suspension of papermaking fibers, usually comprised of wood pulp, and
particulate fillers, along with the additives which are essential to provide the
retention of the particulate filler and any other functional properties by
optionally including modifying chemicals as described hereinafter. Some
typical components of the papermaking furnish are described in the
35 following section.
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5 that |ayer. In fact, certain advant ages can be anticipated by achieving

a _ difference in filler _concentratjon as a function of thickness in a
filled |Iayer of tissue. The ternms "multi-layered tissue
paper web, nulti-layered paper web, mul ti-layered web, multi-Iayered
paper sheet and nulti-layered paper 10 product” are all used
interchangeablyW‘h"l’ﬂ@"”art to refer to sheets of paper pref)%%?%lg“m
two or nore |ayers of aqueous paper mneking rni sh which are

preferably conprised of different fiber types, the fibers typically being
relatively long softwood and rel atively short hardwood fibers as used in
ti ssue paper making. The | ayelngredients ef the;Bapemaaking Fumish he deposition
15 of separate streans of dilute fiber slurries upon one or nore endl ess

foram nous surfaces. | é L ndi, Vi O ayers are initially forned on
separate foramn ; ayers can be subsequently conbi ned
when wet to forma nmulti-layered tissue paper web. 20 As used

ot 1 sed ot ohe o) B SHUSHAed it WOl ¢hig RS varlstlos il nbrmally
hompbgeneous in naw%"ﬁ?r'?'Pt‘_{)aegﬁ'"ﬁ@_"ﬁ%f?ﬁﬁﬁ's-qDJaigsé'?iéd"‘ﬁ@'gﬂeﬁ%ﬁé’PF\ﬁ%?r As
used herein, the calkdosedfibrous pulps;suchuas cottomlinterspbagasseheayon; efcs caorher i sed
of nore t hanué%bﬁ%rﬁ& Horved gfe' &§B&dintdd? %odwlﬁpéghééﬁl Keref ifitiubik cRbphiddl SSue

St 23, o5 Sl b B Nl Lo Sl g i 6 el 1
pr ocesskpf tPIOS |m5|elrnm§t pndpz‘i’k;léalu?:hgfnngxmﬂplﬁt gtqtndtw(%ofd, Th}mofgamcd
paper maki ng 1Turni peyy, e{rﬂ‘b i qllﬁéadﬁa E%FPUE; M\X%)S @B erided

f K . , d
particul ate fillcrem bét@ggciaﬁ&?awiié&m%vsi&%hééne&ssdeiseﬁt 50 to

provi de the retention of the particulate filler and any ot her

descr i bed her of naf  or Dy hardwdit RS ggﬁ%ﬁ?%r%&%%ﬁ@%@ﬁ%éf N

furnish are déscrihedwoimay he employed aspg ingifibers for the tissue pager 961 653

PCT/ US96/ 04134 present invention. The term "hardwood pulps” as usediiérein refersto
I ngredients of thg, BARBLIFPKAMATHEM i Woody substance of dbeidUaRis 1Rk no Fi bers
(angiosperms), whereas "softwood pulps" are fibrous puips derived from the
woody substance of coniferous trees (gymnosperms). Blends of hardwood
20 Kraft pulps, especially eucalyptus, and northern softwood Kraft (NSK) puips
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
25 for the inner layer(s). Also applicable to the present invention are fibers
derived from recycled paper, which may contain any or all of the above
categories of fibers.

The Particulate Filler
30
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,
35 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
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5 It is anticipated that wood pulp in all its varieties wll

normal ly - conpri se the papernmaking fibers used in this _invention.
However, ot her cel lul ose fibrous pul ps, such as cotton linters,
bagasse, rayon, etc., can be used and none are disclained. Wod pul ps
useful herein include chem cal pul ps such as, sulfite and_sulfate
(sohetinmes cal WQ9e68t ) pul ps as well as 10 nechani cal pul ps

for exanple, ground wood, ThernoMechani cal Pulp (TMP) and

Chem - Ther nroMechani cal Pulp (CTMP). Pul ps Utrived from bot h deci duous
and coniferous trees can be used. Bot h hardwood pul ps and

sof twood pul ps jscludge boﬁsammﬂmtaa@é%feétaikﬁng irite tHe/tissue\paper cglony ed as

D oons Saatbe, bBod” ﬁ%&&“ﬂ@ﬁ% ﬁ?%"emm' ompambutrRiien”, "¢
fromthe woody %M&pwmmm (angi osperms), whereas
"sof twod pul ps" are fibrous pul ps deri ved fromthe woody substance of

coni fer f)lus t reels ( 9y WHEssowBben Rbumkthabé particitarlycsuitableparticulpte filler is
especi a eyca are
palrot i cul a)r/I ygsw'%%#g'afyo% sﬁ‘ééggssue 5@&?&4{5@5& oPHéle?]a yl nventi on.

A preferred enbascuring @uminum gllicatermineral deneficiatest a5 2 pattiq red tissue
webs wherein, nost preferably, hardwood pul ps such as eucal yptus are
used for outer Iayer (With respesh s terminologyh itiis notek thatit iskcanimon in the ar e used

25 for the i ””‘?{’%ﬁ& g%ﬁr?eél €¥ i’fﬂg&&%l- Sﬂ*ﬂ\ﬁger{t?itér%ré” Feféﬁm@%'léaluﬁr e

fibers deri on or, a
t he above pwrtznessmet%use the term “hydrouq- He rﬁgrsq @%&mwh |l er 30

The inventigg prhasl ﬁi:ft%efeﬁfsub ezt RYEdlcihation cCaiirationeubjects the clay to

Ki fib t
e Pﬁ%abq‘@ 440PCE whie Blperflurer s E@%@?ﬂ!‘?%go "ol ay,
cal ci um c ardrystal structune-ofikaolinli The so-called Chydrpusr kagling maychave been ¢ um
silicate, 35 algighiced frbd%iiﬁaé Raolﬁffst Whﬁil‘ﬁihﬁaﬁésﬁhuujmédl tbenefitiation, ci um

oL TS L R%S as, for AL il Moo T B Vel bRt oo
be eval uat edi5 Thdelamination, grinding\@r&imitarosgnminution, but not to the mentioned -

POT US98/ 01134 heating as would impair the crystal structure. 11 i ncl ude
cost, availability, €ase arning“into the tissue paper, color,

To be accurate in a technical sense, the description of these
materials as *hydrous” is inappropriate. More specifically, there is no
molecular water actually present in the kaolinite structure. Thus although

20 the composition can be, and often is, arbitrarily written in the form
2H20-A1203+2Si02, it has long been known that kaolinite is an aluminum
hydroxide silicate of approximate composition Al2(OH)48i205, which
equates {o the hydrated formula just cited. Once kaolin is subjected to
calcination, which for the purposes of this specification refers to subjecting

25 akaolin to temperatures exceeding 450°C, for a period sufficient to
eliminate the hydroxyl groups, the original crystalline structure of the
kaolinite is destroyed. Therefore, although technically such calcined clays
are no longer *kaolin®, it is common in the industry to refer to these as
calcined kaolin, and, for the purposes of this specification, the calcined

30 materials are included when the class of materials “kaolin” is cited.
Accordingly, the term *hydrous aluminum silicate” refers to natural kaolin,
which has not been subjected to caicination.

Hydrous aluminum silicate is the kaolin form most preferred in the
practice of the present invention. It is therefore characterized by the before
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scattering potential, refractive index, and chem cal conpatibility with the

sel ect ed papermaki ng envi ronnent. It. _has now been found that a
particularly suitable particulate filler is 5 kaolin clay. Kaolin clay is
the conmmon nane for a class of naturally occurring alumnumsilicate
mneral beneficiated as a particul ate. Wth respect tQ

t er ni nol ogy, it WHRd that it is common in the i ndust ry* JESWH-“as
in the prior art patent literature, when rgRerring to kaolin products

or processing, to use the term"hydrous"” to refer to kaolin which 10 has

not been subject t ; beihati the c

t enper at ures abo%ﬂﬂéﬁé#aﬁymmfﬁ/‘f mﬁ{itﬂsé s‘!%\%é"?@’aﬁ‘?%’?‘%'ﬁé“'sasi C
crystal struct urexeseding483PC.The so-call ed "hydrous" kaolins may have been
produced from crude kaolins, which have been subjected to beneficiation,

T gg{aﬁfﬁg{)! g,n tO FTivé morpied rlagyafkadlmuﬂﬂ@éf{fplﬁ@@%d@%e@ﬁﬁpham cal
ment i-oned g%g%ﬁllaglf%ﬁ @'marh?é}g 9’%"&5;%?3#%&83} 'Iaeform
To be accurat® ||’$l%9'§e9hrhm -s Ehe slacka separals ionammdegreetiiodhe individual -

nmaterial s as "hygataléts d\ﬁmbrﬁr‘éﬁés%iﬁ BuLit |éVBfe‘Per§Bl%%f05§5tilé%wﬁnhﬁll}gvg?)toﬂgugh

20 “the conposi t BT BUISHBAS Bitens '&sﬁﬁ‘é@a%é’éalﬂeiagﬁ%{pﬁ%tﬁm & form
2H20. Al 20 er r] . 2t6indBdo re}duaetthemeammjtlblaeszdc nibisncanraon kagfertor theimeam
ahich " equat oo *"ﬁﬁf | eha o SARER Sohch SRS Artiiegh ) (o

whi ch t tg t { t
sulbjpect ed tg : eg'é'ﬁg‘ep %R'T%Wa Qﬁmefqﬁa!aqnjéﬁs 9 BYCrPR, MO®heci fi cati on

refers to subj ecpreferably greatﬂdlhamabouttw&mcrahus pmfmedewhegprd&ﬁ:[eeuf_rtm@, for
S DET Lt BsohAiyenton. Vol it caR gD SERS dRiedy 1
al t hough t echni cﬂ'lqa}eréﬂé'l\aéﬁwcﬂ Qdaaiceanyispreferred. are no | onger "kaolin", it
is common in the industry to refer to these as cal ci ned kaol i n, and,

for the purposes of thstmimddlfaplsts'ub;acted\mweﬂmboessu@ Aqueaus al s are -
| nel uded whegs { NG gchRingd 118 chidertiay aliglk 1 cdsisé iniffities to be réRiRed b0l Y,
the term" hydrous um S|I|cate 8) L‘ (i\ ao

has not been subf’%@f’ﬁ@ B"BQF’HH‘QF’?%FP me ia for chemica bﬁf‘}éﬁ'!ﬂjs Al uri num
silicate is the pelyacnylate polymestorphosphatesaltits sdraetimes addeditd $uch slarriese
present i nvent i of, relilich 3iscBSHPAR Sick/Gilinh® HeaGRartbeidyiarB sl shipped

without drying at about 70% solids suspensions, or they can be spray dried.

20 Treatments to the clay, such as air floating, froth flotation, washing,
bleaching, spray drying, the addition of agents as siurry stabilizers and
viscosity modifiers, are generally acceptable and should be selected based
upon the specific commercial considerations at hand in a particular
circumstance.

25 Each clay platelet is itself a multi-layered structure of aluminum
polysilicates. A continuous array of oxygen atoms forms one face of each
basic layer. The polysilicate sheet structure edges are united by these
oxygen atoms. A continuous array of hydroxy! groups of joined octahedral
alumina structures forms the other face forming a two-dimensional

30 polyaiuminum oxide structure. The oxygen atoms sharing the tetrahedral
and octahedral structures bind the aluminum atoms to the silicon atoms.
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approxi mate 13% by wei ght | oss as water vapor at tenperatures

exceedi ng 450[err] C The nor phol ogy of kaolin is naturally

- platy or blocky, because it naturally occurs in the form of |

" platel ets whi cVQ¥HUFB t ogether to form 5 "stacks" or " booksgqifﬁg&gfsé'cks

' separate to sone degree into the individual pl atel ets during
processing, but it is preferable to use cIé?s whi ch have not been
subj ected to extensive nechanical delam nation treatnents as this

tends to reduce the ﬂmpﬁ&iddsqhmshisembw_drégﬂﬁmmdsponsibbrfotthd he mean

article size in 0 v . r

B val et apher e Biel paFiies Bodftss g i o thdrGs i susplindlft, 395

preferably greathappensibessusa oiherdiv iti-cand tetrervalent cations, substitytefet i ce of

Ej ihgnet presentalhﬁaﬁﬁﬂﬁt.Lme c%{ﬁs?qu%rneél % ekt Somarof A bxyjer dtomslor theal ot
er reajer .than about. 1.Q . m cron rad. S

mned. clay i$ guﬂ‘f hpcome gRionie 3 8?&%@% MB@%@E@L@'S@M‘ APUPE: ¢ he

crude clay allows the coarse i rities to be renoved b

cegt rif uggt i on and prmm!gayl %h'as ?aaﬁensmdmvanﬁw exchanging

Do Y et Vi Seon e B B e o i pped
uce Vi scos) . i ppe

Wi t hout drying a?méﬁaﬂ&'%%%@%’hgk@mgﬁﬁéﬁgw éé?gg%#@bgg%k%ﬁrlogd

20 Tr eat ribetperipberal @dge of thesplatelets They must satisfy their semaining at i on,

Stabi | yers Whq THSRISEDy BRIRIng aicHS frim e SeotmspeRantnattne | Y

shoul d be sel ect%‘ﬁ’"ﬂ!’sé‘s ese calj ?\s%ﬁaa@aﬁi F'gﬁec@ﬁ%%‘c’g%?%g?@g?i% ons

at hand in a parthexlaycan satisfy its ownchargeebalange by orientingiitseltedge e face| et i s

itself a multi-| Qéﬁhﬂﬂigté"&wﬁ&ﬁ; sﬂu&fﬂr@%ch form8 Rtk dispemsians. A

conti nuo array_.of o en, at ons r s f . basi.c | )
o 'y e Pchias oo G chmsos M 458 R s poVRig b
atons. A conl§ nuepsisive charattehtaithexclay prevepting theseiassemblies:and sinnplifying
al um na struct urfa 6,3&0&;@3,@#@ aﬁ&?ﬁefo? 'agga t wo- di nensi onal 30

. ' tons S

pol yal um num oxi de "struc ur'_e oxygen a haring the tetrahedral

and octahedral struct M eguRbile Wiv Fii §D® 1'a priiParied kelfiinThalketdd 6 BIF-
Branch Kaolin Company of Dry Branch, Georgia suitable to make creped
tissue paper webs of the present invention.

20
Starch

In some aspects of the invention, it is useful to include starch as one
of the ingredients of the papermaking furnish. A starch that has limited
25 solubility in water in the presence of particulate fillers and fibers is
particularly useful in certain aspects of the invention to be detailed later. A
common means of achieving this is to use a so called "cationic starch".
As used herein the term "cationic starch" is defined as starch, as
naturally derived, which has been further chemically modified to impart a
30 cationic constituent moiety. Preferably the starch is derived from corn or
potatoes, but can be derived from other sources such as rice, wheat, or
tapioca. Starch from waxy maize also known industriaily as amioca starch
is particularly preferred. Amioca starch differs from common dent corn
: starch in that it is entirely amylopectin, whereas common comn starch
35 contains both amylopectin and amylose. Various unique characteristics of
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| nperfections in the assenbly are primarily responsible for the

natural clay particles possessing an anionic charge in suspension. This
happens because other di-, tri-, and tetra-valent cations substj

al um num The c&W%GﬁﬂGﬁce is that some of the oxygen atons on th éjﬁg%d&%ﬁd
surface becone anioni c and beconme weakly d|§§OC|abIe hydr oxyl groups.
Natural clay also has-a cationic character pabl e of exchangi ng their
anions for others that are preferred. This happens because al um num

atons | acking a fumumm&ohmﬁumiermdﬂmwmcsomeﬁmm und

valenci o by at o 20t B sBn@bfeger, Frd yialie” Debopbr fods i 08, 10
occupy. |f these ‘craeustﬂ«:bcgnbesnsranuianfogmn@fqﬂammﬂ@nulﬂnm9m
sol uti ons, t Bspetsad formn. Thbididpersddionniis pRalemed.biimgrimutar pred ent i ng

hi ok d.eggir ey aﬁ@"“ﬂ‘*ﬂiﬁ@ﬁf"ﬁ%ﬂ& B8 bl ool @%ﬁ?ﬁ@é%‘f fos. it
cationic sites prtheenlygrercadtion:being tq use pavipment which:gverearags any-teadeney
these assenblies tmgaismm inltotriig the dnsbb&mi OSuitdbie disperiars knewn @asd use of

ngl |C|na¥rar ket ed b9d\._|§t9rsphre Ol | %@Wﬁd%ﬁ%ﬁ%ﬁ%’bﬂf g%ﬁ“ﬁf%%?‘bl a
suitable to make uaepaubeenmaamwpmmsmmmmmmmon 20
Starch 1o swellifig of the 'éﬁéﬁ'&ér&ﬁ réﬁuléé?a#bsﬂréllent gs

i ncl ude starc

 GrapaeS
starch that has |P¥n°99'ef095t°%ewu§wﬁf‘3{ﬁrqhe oo b P AR il "

particul ate fill ehighihswollenstarchgranules phal bewarrbgl toasbeing 'fmlbemolsbd“
aspects of the i nypgiconditioAs RSt df e"i'ki paﬁ&ucéhva depeRbing upd'the Size
achieving this is S rg As d
herein t%e term’ P%a&eosﬁ?@gﬁrg?@% tﬁ? 3" S'i'f‘%x pfthe granules, and e, lu)s/e
derived, whi chShaamountiof amylose présent. cﬁullwconkddfamdca starcty, fort exantjie, can

‘cationic constitu rd corn or
pot at oes, but cansg?%@vég'ﬁ oﬁﬁw sour ce B@r%&é ?tf, or
tapi oca. Starch fStAcREEANUIRS stabout 19Q Nk (APqut '?%}'”88" ghowt30 @d;; oy

is particularly plbbeMOedunuhsoca starch di ffers from conmon dent corn
starch in that it is entirely anyl opectin, whereas comon corn starch 35

-cont ai ns both_anyl opectin and anyl ose. Vari o unj que,. characteristics of
20rry P Eatnogicsta es can be dgvnzledS into mg_%ollwl}ng general

classifications: (1) tertiary aminoaikyl ethers, (2) onium starch ethers
including quatemary amines, phosphonium, and sulfonium derivatives, (3)
primary and secondary aminoalkyl starches, and (4) miscelianeous (e.g.,
imino starches). New cationic products continue to be developed, but the

25 tertiary aminoalky! ethers and quatemary ammonium alkyl ethers are the
main commercial types. Preferably, the cationic starch has a degree of
substitution ranging from about 0.01 to about 0.1 cationic substituent per
anhydrogiucose units of starch; the substituents preferably chosen from the
above mentioned types. Suitable starches are produced by National Starch

30 and Chemical Company, (Bridgewater, New Jersey) under the tradename,
RediBOND®. Grades with cationic moieties only such as RediBOND
5320® and RediBOND 5327® ars suitable, and grades with additional
anionic functionality such as RediBOND 2005® are aiso suitable.

35 While not wishing to be bound by theory, it is believed that the
cationic starch which is initially dissolved in water, becomes insolubie in the
présence of filler because of its attraction for the anionic sites on the filler
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starch are further described in "Am oca - The Starch from Waxy Corn",
H. H Schopneyer, Food Industries, Decenber 1945, pp. 106-108. The

starch can be in granular form pro-gelatinized granular form _or 134
di shersed for mWOMB18Bspersed formis preferred. If in granul aPCHP826/04
gelatinized form it need only be dlspersgg in cold water prior to its use,

W th the only pre-caution being to u equi pnent whi ch overconmes any
t endency to gel-block in formng the dispersion. Suitable dispersers
known as eslrfdcnl SThis cassusthe filler fo'tse covisred with thé busisy stasgith is in

Jook the st ar crimpipeules ¥¥Eh ROV aR aRAE spirede & tore'ile? pAfiiE 1Y (0,
starch granul esultimatelysesulting mgglomemoa@@me@lert dhg essential %Peé ofor to
g'hzlpler Eleopel(‘)f r?ﬂ‘ﬁ% §tep'i€ beliivad to De tﬁﬂ%gke and sHidMMhG‘éﬁrbl@hdé@.ﬂChmiranm es
di spersion i tg'ﬁ@r‘ﬁ?%éﬂ %\%%gé%‘ﬁ % rs%@‘ﬁgqm%?? J'st arch
granul es, the dwguld@aﬁxmc;est substitytingra MFQ§P°@%3¥'%3§5 amount

of anyl ose pres%hetfd"ﬁﬂéér %ﬁ&r@l?t@ﬁi’tﬁé%hﬁ&alcfsﬁrcﬁxaﬁme can be
prepared by heat’ing an aqueous slurry of about 4% consi stency of

starch granul es at about 190 [err]F (about 88 [err]C) for between about 30
and about 40 i inanasembadiment of theqresentiinvertianceationigstanch isi vi ded int o

the follow pg ﬁ-‘iﬁérﬁe ly add ed% o Lhﬁiﬂt&!"iﬁw (lﬁ)tm%%"sbath&a?ﬁamdf&ﬁorﬁé hers,
siefcycdad; from sboyy

(2) o um =l 413500t 9, ko ShendBBI ISR, & oo

sul foni um deriv
and (4) miscel Iabmmns%% tgaboutO?S%nbvyoﬂelgurhased)on wewmgmqfrthe product s

continue to be % Illerbtllhtﬁlgﬁsﬁécl cﬁiﬁé irﬁbﬁtnéﬁ“lﬁggkml'a&éwwe and

quat er nary amm |um ers nmai'n comercial types.
Preferably, theCRURNIQ gr ee of substitution ranging
fromabout 0501 to about 0.1 cationi Cc substituent per anhydrogl ucose

‘units of starch; the %%N #@g
menti oned types. SU| "S%P%ﬁstarc @gﬁéﬁéﬁ%ﬁ? %ée}g by 10ion rre{d 30 and
Cheni cal Conpangat 'Q"I!SPF &n entige\ Aquepys paperaki aﬂ@fﬂﬁs

‘Redi BOND[ err] . pointibeforé tHe firsdl idilation apthetfas pump. ymslahpaam ipeBAtion

ani oni ¢ funct on%?@?y?eﬁiﬁ%%wcﬂ@%@%% e?%%&:ﬁi@%%éﬁm 35
Wi | e not wP@hi inyentiomdt scmﬁ@raglemeddyatwc.sw%at avalg from gbpytfive to

cationi c star chapbitdwenty tiries thal rale of thedniciic flocoulrstr , becones insol uble in
the presence of filler because of its attraction for the anionic

sites on the filler . .
: The cationic and anionic flocculants mentioned in the above are

described in detail in the following sections.
25

Retention Aids

A number of materiais are marketed as so-called “retention aids”, a

term as used herein, referring to additives used to increase the retention of

30 the fine furnish solids in the web during the papermaking process. Without
adequate retention of the fine solids, they are either lost to the process
effluent or accumulate to excessively high concentrations in the
recirculating white water loop and cause production difficuities including
deposit build-up and impaired drainage. Chapter 17 entitled "Retention

35 Chemistry" of "Pulp and Paper, Chemistry and Chemical Technology”, 3rd
ed. Vol. 3, by J. E. Unbehend and K. W. Britt, A Wiley interscience
Publication, incorporated herein by reference, provides the essential
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Thi s causes the filler to be covered with the bushy starch nol ecul es

whi ch provide an attractive surface for nore filler particles,

ultimately resulting in agglonmeration of the filler. The essentjal el enent
of this stéﬁoPngéﬁ ieved to be the size and shape of the sPGHEpP604134

nol ecul e rather 5 than the charge characteristics of the starch. For

exanple, inferior results woul d be expé@t ed by substituting a charge
bi asi ng speci es such as synthetic linear polyelectrolyte for the
cationic starch. _undemtamm?dtﬂé‘wa@aﬁm&hﬁy%ﬁhwm%' on,
cationic starch is,l re (érfo%'eglfd%to t.he Bwp%@ﬂfl |ler. .In this
case, the anount %f's B 4 m&[ﬂ%ﬂs g 3.9'1%}?{'% Rout

2% but most pr efbridging mechanism. White certain mdtivalentieations ambeonsideredi ght
based on the vl dhimfibn fiBSculants, 18y eré Yerérailf bbing'replabed i pracigey Of the

invention, it js prefera ‘use catl oni,c ccul ant _.as

{ .
fetention aid3 1superior acting polymers whish camy AN, 1eroe Stes along e polymer

invention, it is ghailerred to add cationic starch to an entire aqueous
paper maki ng furnish, preferably at a poi nt before the final dilution
at the fan punp. This aspect _of the invention makes use of an anionic
floccul ant as a retentﬁ%&'ﬂﬁ-ﬁ%@%i s aspect of the 20 invention, it is
preferable to add cationic starch at a rate from about five to about

twenty tines e rate Walpl : . Loni C
and ani oni ¢ floccul ant@knmgggqoﬁ?ﬁ@@bﬁéy?y mventlgléseg? Pgehgfeﬁﬁ‘;%’gt ai l
in the fol | owi ng Rregue¢eshusingas a retention aid ajeationic fipccaliant’, a term which, as A
nunber of materi aisederein réfatsto sclassof polysidetroiptec These polyinérs generally t er m

as used herein, r ' Lt L to L0er ; of 30
the fine furnish @ﬁ#@?q&#%@%y'ﬁﬁn%e&%&grﬁagwg r%@geagga_* V t hout
adequat e r et ent | JROBPMEFR: geNeKally SETVlie manemers,: a&"ﬂﬂﬁ‘ of 8¢ tncjudergatiopicocesss
ef fl uent or apscunmbadmet.0 excessively high concentrations in the
recirculating white water | oop and cause production difficulties including
deposit build-up and inpaired drainage. Chapter 17 entitled "Retention 35
Cheni stry" of "Pul p arlMitaieeationicmopomers:are dipky! araino aliint®ety pcrylales
ed. Vol. 3, by J.or{mbln)@eA/iamities, &ithér aBdacid salts oduiiterhBiyedrmmoniunesalts.
Publi cati on. I ncogpliaL Skl rotipd inblude bgiGiknRinodthil (HibE) adiafisent | 2!
20 dialkylaminoethyl (meth) acrylamides and dialkylaminomethyl (meth)
acrylamides and dialkylamino -1,3-propyl (meth) acrylamides. These
cationic monomers are preferably copolymerized with a nonionic monomer,
preferably acrylamide. Other suitable polymers are polyethylene imines,
polyamide epichlorohydrin polymers, and homopolymers or copolymers,
25 generally with acrylamide, of monomers such as diallyl dimethyl ammonium
chloride.

Any conventional cationic synthetic polymeric flocculant suitable for
use on paper as a retention aid can be usefully employed to make products
30 according to the present invention.

The polymer is preferably substantially linear in comparison to the
globular structure of cationized starches.

35 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
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under st andi ng of the types and nechani snms by which polyneric retention

aids function. A floccul ant aggl omerates suspended particles generally by a
bridgi ng nechanism VWhile certain nultivalent cations are considered

conhon floccul IMPIBKPy are general |y being replaced in pract

superior acting polymers which carry many 89arge sites al ong the polyner
chai n. Cationic Flocculant 1 Ti ssue products according
to the present invention can be effectively produced using as a
retention aid a lowas about 0(2 tocas hightds, 2.8, bitimioretpréferalsly in a rangé 8fabstal N

refers to a cla I g s generally
originate from ?gpo ypngr?l@gmﬁﬁ&gﬁgrgwggﬁﬁbl eni cally unsaturated

nononers, generally acrylic nonomers, that consist of or include cationic

15 monorer . Polyme/SUisenillt6 ndie thidLié podRIP aecatiiihgth thé presdiit No
1L 1 1 o A e A D00 *
di al kyl ani noet hyRrefaralhyp melegular weight @bove abaytl 1,000,000hgnd, may h) |
acryl am des and ativahiageouslydiave!d/molethidr weight abevé B/ oob,0e and di al kyl am no
-1, 3-propyl (meth) acrylam des. These cationic nononers are preferably
copol yneri zed with a _noni oni c nononer, _ preferably acyl am de. QO her

su: t abl e pol Z,mﬁrs ab&quMm;amm&agmam;;ﬂmﬁgzﬁumn n f
pol ymers, angd h@s1® woth émalisisiopslyveRzéd ni&ﬁagf; afmides and KETEN' ¢, ©
nononers such a | | | et hyl, anmon). um of I de. Any
convent i onal caﬁ%ni'ﬂ%wwemﬁ/ﬁé?i@gﬁ%ﬁm PEQ;‘Q%P@"Wlesv use
on paper as a rdnemfiWimington, Delawares cAndther acceptabiel cationieRecaulartist s 30

accordi ng to theaddARe d’m' . T, polynmer is preferably
substantially linear in conmpar F‘s?rpwgc'tlﬂce:' of Stamford, E?‘

15 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 dry weight of the polymer and the dry finished

weight of tissue paper will deliver useful resuits, but normally the usage rate
would be expected to be higher; even higher for the purposes of the present

20 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.

25 Anionic Filocculant

In another aspect of the present invention, an "anionic flocculant” is
an useful ingredient. An “anionic flocculant” as used herein refers to a high
molecular weight polymer having pendant anionic groups.

30 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 agueous medium, except at low pH, such carboxylic acid
groups ionize to provide to the palymer a negative charge.
35 -
Anionic polymers suitable for anionic flocculants do not wholly or
essentially consist of monomeric units prone to yield a carboxylic acid group



gl obul ar structure of cationized starches. 35 A wi de range of charge

densities is useful, although a nmedium_ density is preferred. Polyners
useful to nake products of the present i nvention contain cationic.
functional groups at a frequency ranging from as WD 96/ 31653
PCT/ US96/ 04134 17 | ow as
about 0.2 to as high as 2.5, but nore preferably in a range of about 1

to about 1.5 mpdgspagssval ents per gram of polyner. PCT/UB96/04184 S

useful to nmake tissue products according to theifresent 5 invention
shoul d have a nol ecul ar wei ght of at |east about 500, 000, and

f bl I I
i L e g
Exanpl es of accept abl
2321[err], both emul sy mmgahoﬂmmcmbtmmmnespmwaﬁmés@ssﬂgs polar ¢Rafédter,

rorcul s, o o, HSRPRAE e et el dnahcied 4 it BiEiSodity. Tre

flocculant is 5 pincorpsration of sush sapnomers ispften practiced far this faasand, Arcoften

15 Those skill edngQniarmu% (rhethy @aeAAdmiide! hat the desired usage
rates of these polyners will vary wdely. Anounts as |ow as about

.0. 005% pol yner by wei ght based on the dry weight of the polynmer and
the dry finished wei Aonigipalyacsylamisiaschaving reiatively high maleculanweighisare

E:qu hggr ][rglrl tyh; hguusgggtm flocculaBing @gBntse Suthianibri® bMH?ﬁiHes euStain a

. ave 0 CO nl
practiced as appl at PR '5'?&? B@éﬁﬁﬁ? %’%’ds anﬂt( Rﬂﬁtﬂﬂ'caﬂc Yaﬁ@’&%‘@!ﬂ'ﬁ’"
0.5% m ght be enpl oyecan bedenwdrf{mlythammpommofmm&ammﬂq amlrmonomrdunng
Ani oni ¢ Fl occul ant thapolymenzatioﬁsié}? bFBy g@i&df'&énﬁf (Fie). acrlémide Griits

an "anionic floccul ant seful i "ani oni ¢
floccul ant” as used hg@g‘,tﬁep@ ﬁ"'z}' b rbqneéj"'ﬁﬂ'?@éul ar wei ght pol yner

havi ng pendant ani oni c groups.
15 The polymer is preferably substantially linear in comparison to the
globular structure of anionic starch.

A wide range of charge densities is useful, although a medium
density is preferred. Polymers useful o make products of the present
20 invention contain cationic functional groups at a frequency ranging from as
low as about 0.2 to as high as about 7 or higher, but more preferably in a
range of about 2 to about 4 milliequivalents per gram of polymer.

Polymers useful to make tissue products according to the present
25 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.

An example of an acceptable material is RETEN 235®, which is
30 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
35 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
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These can be imedi ately pendant to the polyner backbone or_pendant

through typically, an al kal ene group, particularly an al kal ene group of a
few carbons. I n aqueous nedi um except at |ow pH, such carboxylic acid
groups ionize to provide to the polyner a negative charge. 35

Ani bni ¢ polyners suitable for anionic flocculants do not wholly or
essentially copseesiesdf nononeric units prone to yield a car boRGI/IS968413d
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yi el di ng noni oni ¢ f uapplicatiahiof thesespaterials) YAmounts as &igh a¢ akoyf).g% might be

character , inpfeiyebistHcmiallf abaaFD. 4P Ggliniumly L endenci es as i oni ¢
functionality. The I ncorporation of such nononers is often
practiced for this reason. An often used nonionic unit is (neth)
acryl am de. 5 OtherAxdditives pol yacryl am des having relatively high
nol ecul ar wei ghts are satisfactory floccul ating agents. Such

LT 3 L i e st sl o s
t hle i ncor p;)_r atio tn of Whﬂygﬂﬁ/‘f’?@{%mﬂf;%ﬁg@arﬂmme%&?%?;ﬁ
pol ymeri zati on step the papermakingprocess asthe aithdb

f A I ep i . . R & .
D orer ably substant; o 11 geictéd BRnalats RS U do nol sigificantly and Bdverhely arfecs

on to t
‘structure of ani &ic $s, strength, or Wd%sg"%%&'#&ﬁm? B’Psghﬁﬁg@‘m
densities is useful, Thetfbllowjhg materials are expressly includad, put thein inclusionds not
Pol yrers useful 1o MBiigred BHEFaIRiiiusive OIHBF itterials caf belifiadéd 89 wel¥oofig
cationic functional groups at a, rr?q(}gen% ra?ﬂqcli% [Om as QW as
about 0.2 to as hi gh2a8dheydenotintgriere oF cpunts @dyantagas ¢f the press
range of about 2 to vemtiod. m | | i equi val ents per gram of pol yner.

Pol ymer s usef ul tlﬁ make tissue products according to the present 25
a

i nvention shoul d have a nol ecul ar wei ght of at |east ,about 500, 000, and
It is common to add a cationic charge biasing species to

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

20 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

25 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 densitias of such low molecular weight

30 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 51 4® a product of Cytec, Inc. of

Stamford, CT. The use of such materials is expressly allowed within the
practice of the present invention. Caution should be used in their

35 application, however. It is well known that while a small amount of such
agents can actually aid retention by neutralizing anionic centers
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advant ageousl y have a nol ecul ar_ wei ght _above 5, 00Q, 000. ‘An
exanpl e of an acceptable material is RETEN 235[err], which is 30
delivered as a solid granule; a product of Hercules, Inc. of WIlm ngton
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pr esent lnomrpermonmf such materials is expressly included withirc thersnope of thied a
cationic charge Sﬁl es to the paper maki ng process to
control the zet otentl of the aqueous paper maki ng furnish as
it is delivered to t he paper maki ng process. These materials are
used becausdSnost oflf pérnaneint et stnemgth is desired: theegraup\of chemicals: irchuding e

charges, i ncl udigagdiide SpidnidroRydHn, polyadhyiides! SffeneBiiladibhs tatiBs:
insolubilized polyvinyl alcohol; urea-formaidehyde; polyethyleneimine;
chitosan polymers and mixtures thereof can be added to the papermaking
~ fumish or to the embryonic web. Polyamide-epichlorohydrin resins are

20 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 3,772,078, 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

25 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

30 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
binder materials can be chosen from the group consisting of dialdehyde
starch or other resins with aldehyde functionality such as Co-Bond 1000®

35 offered by National Starch and Chemical Company, Parez 750® offered by -
Cytec of Stamford, CT and the resin described in U.S. Patent No. 4,981,557
issued on January 1, 1991, to Bjorkquist and incorporated herein by



nost inorganic fillers. Many experts in the field believe that a cationic
charge biasing species is desirable as it partially neutralizes these
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cationic polyelectrolyte. One 25 traditionally used catiopi r
. bi asi ng speci eWO%/33683m NMore recently in the art, cﬁgfﬂg’&@f%i ng

i s done by use of relatively | ow nol ecul ar \wei ght cationic
‘synthetic polyners preferably having a mol @dul ar wei ght. of no nore

t han about 500, 000 and nore preferably no nore than about 200, 000, or

even about 100, OffferepBs. charge densities of such | ow nol ecul ar wei ght
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materials is expressly included wthin the scope of the pr esent
‘invention. 15 | f permanent wet strength is desired, the Sroup of

cheni cal s: includi ng Chemiqal soitening agents:Are exprasslyinclyded as optignaljes
styrene- but adi engngrédieRRS ;Acceptabléciterical softehintpagerits comprise tiws well
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20 chioride, ditallowdimethylammonium methyl! sulfate, di(hydrogenated) tallow
dimethyl ammonium chioride; 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 tradename Varisoft 137®. Biodegradable mono and di-ester
25 variations of the quaternary ammonium compound can also be used and

are within the scope of the present invention.

The present invention can also be used in conjunction with

adhesives and coatings designed to be sprayed onto the surface of the web

30 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 polyvinyt

35 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
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1991, 08 o Kl Bl . s ol e rferay, he sheais 5 S5t .

| f enhanced absorfsemdbhe geoupcansisting of palyamide: epichliorahyddodesio, minessl oil, t he

creped tissuejpapgid mplsresfithéredf Pr esent invention. The level of 5
surfactant, if used, is preferably fromabout 0.01%to about 2.0% by

wei ght , based on Ttreabove listings of\optigrial cherical additives is dntended tecbe
surfactants MFdlF BRSMIER7 i natlré and 878 ot fibhek 16 1B 'sclpé 61 f bon_

atons. Exenplary ctan S are lrnear a
al kyl benzene sul fipvention. Exenpl ary noni oni ¢ surfact ant s are
al kyl gl ycosi des including al kyl gl ycoside 10 esters such as Crodesta

g:_kﬁ)gf;(r:ljsywc}iescgt Ith 2\/:'5' gg;@%ﬁoﬂ%hﬁ?%é#%mggrﬁmw | ssued to

W K Langdon, et al. on March 8, 1977; and al kyl pol yet hoxyl at ed esters
such as Pegosperse 200rﬁdseaameldahltl¢eénwmﬁ cognizeithat it lonly the Qualitative

(Groomi ch  CT) _ brhiCh Gimeiier e Lasy.%m fardibh 1 iREOREE B the Lrepey

Corporation (Cran
papermakmg process, but aliso the relative amounts of each component,

20 and the sequence and timing of addition, among other factors. It has now
been found that the following techniques are suitable in preparing the
aqueous papermaking fumnish, 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.

25
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. It has been found that

30 there is an advantage in retention, if the aqueous siurry which will (ater 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 siurry or slurries of papermaking fibers at

35 this point in the preparation is preferably no more than from about 3-5%
solids by weight.



Chem cal softening agents are expressl y I'ncl uded as optional

ingredients. Acceptable chem cal softening agents conprise the well

known di al kyI di met hyl ammoni um salts such as ditall owdi met hyl ammoni um 20
chloride, ditallowdi methylanmoni um methyl sulfate, di(hydrogenated) tallow
di met hyl ammoni um chloride; with di (hydrogenated) tallow di met

ambni um et hy(W@AEBe being preferred. This particular mater %ms”mlu
avai l abl e conmercially fromWtco Chem cal Conpany Inc. of Dublin, Chio
under the tradenane Varisoft 137[err]. Bi o@@gr adabl e nono and di-ester 25
vari ations of the quatemary ammoni um conpound can al so be used and are

V\th{\ the SCOD? of bt‘h‘ib E%Ieéleﬂ tpartiolidteifilier is first prepared by dlso dispersing it

I nventl on can al s e use | ngs
dos; oned to be- sHHS A0S Ry Hifb SAnbtai] raysss 1 stnifn S(NaEld 0
dryer, such prodend setentioryaidd onto salids:susfaces;cansaauently, the slugry or E&l"ﬁﬁnkee
dryer. For exa”pbietrarhbmﬁle filer £ 8t this ﬁﬁﬁt if'the pRépdration is prafd?ﬁllywmb@d here

by reference se an aqueous di spersion of
pol yvi nyl al cbho %%PSSB%P?IE‘G yqﬁ?'gpgl ysis and viscosity f or

i mprovi ng the adhesi on of paper webs to Yankee dryers. Such pol yvinyl 35

"é'hg%hg;lss sol d Under GH?aE %Wlﬁbhﬂ&‘l fs%ééedtbehdébétl lﬁﬁﬂgﬁ&?rﬂnd H the
pr esent |nvent|oFPt°“t'°“ m’@'ﬁ'&‘ ﬂé‘?ﬂ@é’%ﬁ g%‘l@f ?'n '#b‘ﬂ@?rﬁam@&tfor
use directly on whater solubility in the\(fteSericidfthe particulate filler Preferably. the

o on the eu s dis rsuon%ﬁanamouﬁ(ankee
or on the su?qlacgmgfhlsw“owc?"d itis added as an aqueou d pe

t
resins such as tFangiNGiem '%ﬁbxcfma Iolimr?g %&ZMST‘@&’?&%%&%&Q’OH[HH
by HoughtonWblyhebﬂ&testamhmfdtb(eldf?we@“@ﬂhd:bhraadatdﬂleﬁrapeﬂywtherr]

t radenane b Del aware. These can al so be
used with the SX“lgrsea%bﬁassve t S’E w&?eraﬁl y the web is secured to the
Yankee dryer by means of an adhesive selected fromthe group

consi st nlg ofs parti al \hile not Mﬁ@tdbemﬁﬂbymdry.at istialieved that the stagehi de

br of f ably” the 2828 an.epglonralificiapdth ot et bt ?%sa%@%%@?bﬁ%w

pol yani de” epi chi of theyparticies.c Agglomarating:thediller in this mﬁanm makes i mofer cof .

The above i sti nﬁﬁe&fvewﬂédﬁiﬁéd BhHRthe Burfagés of the paperrhaking fibdrs. 0 be

Irrﬁ\r/ZIn%/I gﬁerml Y AlgBorbiibn of the filfor Bnfo the fithr 3uHatbds tard'bé abBsmpisiaay the

: 20 combining the siurry 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.

25
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 retumed from the

30 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.

35 A second aspect of the invention is based on an anionic floccuiant.
In this aspect, the anionic flocculant is preferably added at least to an
aqueous slurry of the particulate filler while it is essentially isolated from the



15 Preparati on of the Aqueous Papermaki ng Furnish

Those skilled in the art_will recognize that not_only the qualitative
chenical conposition of the papermaking furnish is inportant to the creped
paper maki ng process, but also the relative anobunts of each conponent, 20
and the sequence and timng of addition, anobng other factors. It has now
been found that WA owi ng techni ques are suitable in preparm"’f’ﬁ 134
aqueous papermaki ng furnish, but its dellnﬁatlon shoul d not be regarded as
limting the scope of the present i nventi o84 which is defined by the clains
set forth at the end of this specification 25 Paper maki ng

fibers are fi rStrmﬁbﬂhda LesUsPa kingifiriish. dThé combindtioR®fs i nto a
aqueous slurr

Gaseribed in inod ﬁﬁ%ﬁwgﬁ&é'?ﬁ?ﬁgﬂ'ﬂh"*'%3&%@@&%7“?'@94w@ﬁgﬁﬁﬁﬁéy

out on the sel ecpwop@fﬂ’!a papermaking fibers:and gationic,slarch istadded tothe f ound
fM hﬁt th eﬁ hgree | fiviire2€his B6MBMation BAS sfaruvar \ Iagﬁnhg?tedﬂﬁemasw%cs Jl”ﬁhebd/\'h' ch

| east to the quPiRl gﬁpehpalaéjl%ﬁon %&fﬁp %f"la %‘erfP g‘ "88'6?}?' 600
m, but, nore prsfmmmgdwﬁbthﬁ aqueﬁusmapbﬂhakMQmmmlmdmondtq/af avors

the absor ption Oﬁeéw&r? retention aids; consequently, the
slurry or slurries of p pernaklng fibers at 35 this point in the

preparation is preferably no nore than from about 3-5% solids by

wei ght . V\mwmmmsly. there is provided an additional dose of ﬂocculant
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The sel ect ed par é‘Pﬁ a.t% ﬁ e?deds wg;%g 2 ess%nr“a“ g;) dine |n\|(erl]1g|olnt
into an aqueous EW fiose of ?@E 'Q“P Pﬂ‘?‘

pol yners arrllbcwlanmddadaftdstherfanpammmofaﬂmthe:mnmmby t he
slurry or slurrigg f NVIGST | Eér?d

preparation is preogr'cagg v n'k H@iﬁtﬁ'bs% soéu§|rl 1- gg/' | gsrs't%‘y VhEI ght.
One aspect of th'@e.fméﬁtlwmw%hﬁ'@sr@m! 90‘"? AN gifan pu

retenti on chps sisrwell kriowrnincthe papémakting ﬂoldauat ghiean staes breal ddwnithieh a

limted t. Ial4er
Preferably, the Wﬁ%h&l S ca?ﬁﬁa@ ?}ﬁﬁ'&{w 'pﬁﬁwé@&%%&e%#

di spersion in anth@fingeulating 39?&@9‘@3@% sheasstagesmnepunierehby the 1. 09 by
wei ght, based onadursousrpapermaking slurry as feasible.

20 Those skilled in the art will recognize that the before mentioned
recommended addition of flocculant directly to the particutate filler is an
exception to minimum shear stage approach; thus this aspect of the present
invention yieids an unexpected advantage when at least a portion of the
anionic flocculant is added to the particulate filler while it is essentially free

25 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

30 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
35 muitiple siurries of papermaking fibers are prepared, one or more of the
siurries can be used to adsorb particulate fibers in accordance with the
present invention. Even if one or more aqueous slurries of papermaking



wei ght of the starch and the dry weight of the particulate filler, strictly
to the di lute aqueous slurry of particulate filler. 15 Wile
not- Wi shing to be bound by theory, it is believed that the starch acts
as an aggl onerating agent onto the filler and results in aggloneration

of the particles. Agglonerating the filler in this manner nakes i r
efféctively ad¥¥¥6%nt o t he surfaces of the papernaking fibeiETﬁmaa“E“
Adsorption of the filler onto the fiber surfaces can be acconplished by 20
conbining the slurry of agglonerates with @b |east one slurry of

paper maki ng fibers and adding a cationic flocculant to the resultant

m xt ure. n of
the fl occul ant 'M%ﬁﬁ@awoawﬁ%%ﬁcmﬂﬁg?at% tv nété r‘?ﬂg‘.eﬁg
bet ween ani oni c flers prighto reachmaétspfa@enmn@m ed 0@ €0t es on
the filler aggl osmibAicdioccdiant after the fan purhpaf sath siurres, Imsus bau:auserthbe

dded at

D epar at i on’ syst AVEBANPRELuddlt ih et an pup B QUARS rllerfydlombniies WAk, |
preferred to faddfailpd te mtaininprevious passes qver the foram m#slsamm 9“ whi ch
the final dlIutlmltiﬂébu&tberbbesnaﬁiwhrmnﬂm treped plapermaking prodess, 30

Sages - Tore W‘lwﬁ%@%ﬂsﬁeﬂ?ﬁﬁ%ﬁ%@%@% ol gt Toer |,

i s general slpmanneltsbodd@etamlomaaw enpr%m#ivas many shear
stages encﬁfdﬁoﬂiﬁ% l%h@ﬂo%f@wasﬁﬁwmﬂﬂpibﬂmahﬂgﬁmmldl e. 35
A second asp ct of tgﬁh“ on I s. based on an anionic floccul ant.

In this aspe gh 8 H!t:ul ant is preferably added at |east to an
aqueous slurry of the particulate filler while it is essentially isolated

her USos t, a slurry of relatively short papermakin
PCT/ US96/ 04134 I#2 Bertod drrangement, a slurry y short pape g

remai nder of t hefiR@f§eERMPrising harwors pulp.is preparpd aog Hsed ip I%@ﬁm&ﬁne
ani oni ¢ floccul apanmltt@ﬁbenscmdeaslurry efrelatwatyelnnopapemmkm ﬁherat | east a

portion of the g%ﬁWgQ@[pﬁlf Rd RReéssentisilyaréleef fite t he
m Xt ure; thIS co Pﬂf ﬁﬁrr&?ﬂ

.0 r abl 0 ed 5
prior to the finRartiguiates. oﬁh%fa ‘é@\#@bﬁ‘?‘ig 'éé?@&%ﬂtﬂ
wat er i s cotdihecslter camibers of adhres layered heladbox fo fonmsurface layens of/@ad t o
a headbox Dyrge 14ifer8d BBsue in which a long fibered inner layer is formed out of a

inner chamber in the headbox in which the slurry of relatively long
20 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
25 adsorb fine particulate fibers, 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
30 second chamber in the headbox in which the slurry of relatively long
papermaking fibers is directed. The resultant filled tissue web is particularly
suitable for converting into a multi-ply tissue product comprising two plies in
which each ply is oriented so that the layer comprised of relatively short
papermaking fibers is on the surface of the two-ply tissue product.
35
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



Advant ageously, there is provided an additional dose of flocculant 10
after the starch is added. VWile it is essential_in this aspect of the

i nvention that the initial dose of flocculant be of the anionic type,
the portion of fl occul ant added after the fan punp can be of either
the anionic type or cationic type. Mst preferably, this second dose
of floccul ant. oc¥R9€31663 o the fi naI dilution with the recyCTUgeN4Is
machi ne water, i.e. after the fan punp. d%é/n is well known in the

paper maki ng flel d that shear stages br eak t he flocs fornmed by
floccul ati ng agents, and hence it is general practice to add t he

fl occul ati ng ageraqmbmrpapemﬂmgmmshtcadgeenmwgrEdrb;amﬂsle, the

aqueous paper makig Pa ﬁgadboxoould-rw él'?d in the art
will recognize that t he or e |one ecom‘ren | on of
fl occul ant dir ect@hp “it@ 99@1"% %@PMQV diregting essenlially sememst 0

m ni mum shear st geEpenmaking firnishtoeithbr of twopadjacenrt chhnbarsesent
i nvention yields an unexpected advantage when at |east a portion of the

ani onic floccul ant is added to the particulate filler while it is
essentially free 25 dfurthesinsightinto preraration methadsJforteaAUeOESper maki ng

furnish and the papenhakingflumish ¢arciss gainedblyireferece toi Figare 2, whickilma t o t he
paper maki ng fi berﬁ%tha?iF:r? rgseﬁﬁ“wm&%q Fé%%ébpﬂg a@g@ﬂét able ratio

for point of addition o ani oni abo i.e. for
each 1 part of t@mﬂkmﬂlf%ﬁﬁlfﬁﬁthﬂﬁgm pepermaking operatieni¥ielding & t he f an

pgmo albort fwf)firﬁr&daétea \gepuctostdng invéntion baséd an catidnie

iculate fi n

Bt ci pated that @ﬁﬁﬁ%hﬂ%& Wéﬁé*i%%ﬁfﬁﬁi@ Frrmediigtior i 3ting o
dependi ng on var ypragaration of thesagueous papermaking furnish for theareped pr oduct s

L : Bre frsrgm In ng ?Ib te L’ﬁh’pe?ﬁlaﬂiﬁb dgregéﬁbﬁoyrlgug“@é aﬂadub{ a&%rd.ﬁy ké hﬁb&ef hopddt ©F Of
used to adsorb pd ‘ﬁf%‘fﬁ@?ﬁ%ﬁgp@ ﬂWP’!&%E%‘iﬁF@e t\?ﬂ?"w& stﬂ”er?g

i nvention. Evidn itd Rigred: nore aqueous slurries of papermaki ng
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in the papermaking pr A storage vessel 1 is proyided fof staging %%@Wsm%l ate
fillers prior to netativelyigng papémakingfibers: The siurey isrconueyed byiheans af aoni c

Lor ani oni ¢ fﬁtﬂﬁﬁ!‘éﬁlﬁf fly H?Guéﬁlﬂ a%féﬁF@evﬂi fHees?renEHS I's
el

because t he er ‘used

t
aggl oner at es 4hi qu%g%tnq ong pPBPET‘ﬂ"Wn S?'@v %“’ﬁ;ﬂg@ %bg?yq ﬁgesm to
f or am nous scr eerprovigerfor 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 slurry 15. Pipe 20 adds a
25 cationic flocculant to the slurry 15, producing a flocculated long fibered

slurry 22.

Still referring to Figure 2, a storage vessel 8 is a repository for a fine
particulate filler slurry. Additive pipe 9 conveys an aqueous dispersion of a
30 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
conveyed to a point where it is mixed with an agueous dispersion of refined
short fiber papermaking fibers.
35
Still referring to Figure 2, short papermaking fiber slurry originates
from a repository 11, from which it is conveyed through pipe 48 by pump 14



multiple dilute fiber slurries are used in the creped papermmaki ng process,
the flow of cationic or anionic flocculant is preferably added to all
dilute fiber slurries and it shoul d be added in a manner which
approxi mat el y proportions it to the flow of solids in the aqueous
paper maki ng furnish of 10 each dilute fiber slurry.

preferred arrafRMH3 a3 slurry of relatively short paper naki n&“mg&ma“‘
fibers, conprising hardwood pulp, is prepar?d and used to adsorb fine
particulate fibers, while a slurry of rela?'vely | ong paper maki ng fi bers,
15 conprising softwood pulp, is prepared and left essentially free of fine

Sfir ti ;:uldat es. tThIhréuﬁhea féﬁﬁd?elsrmrbﬁmmré réﬂinbd rﬂ%ﬁhﬂﬁdﬂ papermaking
irecte 0 u .

surface |ayers o 5 16. ﬁfﬂ?@ﬁ%@‘g‘é @P@Q‘r&ﬁsi’ ﬁw c'@?%ﬁ@?ﬁgf’gﬁg} nner
| ayer is formed bbecamnes the short fibanbased agueous papermakingsiurry 17wWvbitet he
T E 1 e el IS MOt oty o 18 Sriacpat o gl o
Singl e- pl y 1 SocReoSTORH R lIitd dilebus papefibficly sy ta, e 1 L4
arrangement, a scationjc fiocaulant intoslurmys 1R, after which thesiumukecomes aer s,

~conpri sing har dviesbuidte® aqLdows paperfakimgsiupPgat 0 25 adsorb fine
particul ate fibers, while a slurry of relatively | ong papernmaki ng

fibers, conprising softwood pulp, is prepared and |left essentially free of
fine parti cul at cRreferably, thecfladculated skartfibembaseadaqueous papearmakingy i s

to be directggl tQury23ie A he Efepad! fh pl tédin FiglrePNe
RIS g ity kil Mkt
?f | lreljat i vel y | odigected into headbox:thanbérs!82 and 83 uitimately @volvirng intssoff+ ant

| e I ssue | (0]
multi-ply ti ssﬂaﬁ%ﬁgpbéo raiIFdSIXr?]d Y?%eéﬁpé's q n 7T1,'Fe : %i%c'%bgg%%m[ﬁ’ﬁ S
oriented so that® MW"&J&‘HF’@&?"O‘F“B@IW%SW‘MM the aqueous, ey maki ng
fibers is onls hefioscoulated lorig paprermaking!fibet skisry<22) reférririg toXEigure 2, is

of shanber s of  SPSAaRl aiicieq ing et bk ither 2 dttieRl didirg i o

€ o
WO 96/ 31653 center layer 73 of the strong, soft, low dusting, d creped tissue ;Paper.

PCT/ US96/ 04134 26 aqueous
paper maki ng furnish t | . e, the

af orenent i onzeéj t hr ee M%%ﬂ%%%&ﬂggamd as a two

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
25 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
30 aqueous fliocculated long fiber papermaking slurry 33.

Still referring to Figure 3, a storage vessel 34 is a repository for a fine
particulate filler slurry. Additive pipe 35 conveys an aqueous dispersion of
a anionic flocculant. Pump 36 acts to convey the fine particulate slurry as
35 well as provide for dispersion of the flocculant. The slurry is conditioned in
a mixer 37 to aid in absorpﬁon of the additive. Resuitant slurry 38 is
conveyed to a point where it is mixed with an aqueous dispersion of short



chanbered headbox sinply by directing essentially the sane aqueous
paperneking furnish to either of two adjacent chanbers.

Further insight into preparation nethods for the agueous paper maki ng
furni sh can be gained by reference to Figure 2, which is a schematic
representation illustrating a preparation of the aqueous paper maki ng
furnish for the creped papernaki ng operation yielding a 10 product

according to thWOR68t883 of the invention based on cationic PCTiusasrosh Nt

and Figure 3, which is a schematic representatiopgillustrating a
preparation of the aqueous papernmaking furnish for the creped

paper maki ng operation yieldin roduct according to another aspect of
t he invention based orﬁé&’ﬁ %‘l"ﬂgﬁ’giscul ant. The follow ng discussion refers

15 to Figure 2: A storage vessel 1is provi ded for stagi ng an
aqueous slurry of r el St ¥eterring{edF ﬁ:ﬁﬂ b&ﬁf ing't %nénﬁates
conveyed by neans of ro re

fully devel op the st rzfﬂﬁ‘ﬂ'?&”%gﬁ% P l%pgmpw

Addi tive pipe 4 corveys apaintovineredt muxeswlﬂdhe@anﬂmonwﬁnopadmlah fikkercsiumrry 38

desired in the finish

Condi £1 oned in i xer 30p8cangihe sAOHR iber bastd fdbolss papBindkihg Sifry 41, Pipe B,
condi tioned slurry is GOR¥RYS;AM AAUePYS ¢ Pﬁwwf\ﬁﬂ'ﬁwcf‘ﬂ'ﬁhm"&ﬂ”@sm
formng a dilute | ong 41apideddy mgnrﬁlmuersouorfgnﬂﬂocdalatedzmrqdﬂs Whaawaterzs

Turry o2, oA t“*“@?@i""?‘é%‘&ﬁ;?‘?“&‘%@"&“ Wl é‘@i@ée%

a repository for a0 thedilute flocoy fiber, mpﬁgusm
conveys an aqueous di pticrally, pipeMQﬁnvaﬂaddﬂlmalﬂomMaﬂtddumcrﬁase%ﬂavél@f

acts to convey the fi l4e as provide for
di spersion of the stap@ﬁeal%h gfurry |dﬂ:¥)§1wnﬁ8ﬁ?4b m xer 12 to

aid in absorption of the additives. Resul tant slurry 13 is conveyed to
a point where it is m xed d|s rSio r
fi ber papermaking fibers. %eperaatﬂy, B“?‘Q?‘%PP?'nﬂ“ﬂ‘g?m Eigyre Srﬁ)rt

paper maki ng fi ber 1l urdisected lgthaipedarrad papélmaklm peneess illustrated in Figureirandhis
'PtCT} fJ Sgg/“\éii’gg thr oughyiRed iffd W dPprbxirately equal stream$§W¥iEh 3fSihen directed into
headbox chambers 82 and 83 ultimately evolving ln%o 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 siurry 33,
20 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.



through a refiner 15 where it becones a refined slurry of short papermaking
fibers 16. After mixing with the conditioned_slurry of fine particulate

filder 183, it becones the short fiber based aqueous papernaking slurry
17. Wite water 7 is mxed with slurry 17 in a fan punp 18 at which
point the slurry 5 becones a dilute agqueous papernmaking slurry 19. Piﬁe
21 directs a WO94653onic flocculant into slurry 19, after \/\h?%ﬁ"'??f@“
slurry becones a fl occul at ed aqueous 2€permaki ng slurry 23.

Preferably, the floccul ated short-fiber baS®d aqueous papermaki ng 10

slurry 23 is directed to the creped papermaki ng process illustrated in

Fi gure 1 and i s divided iTheCreped Papernaking Proc#ssl streans which are
t hen directed into headbox chanbers 82 and 83 ultinmately evolving into
of f - Yankee-si de-| ayer 75 and Yankee-si de- | a')(er 71, respectively of

t he strong, sof tFigudy) i asehematic repeaseptation liustrating asxpeed sinijarly,

the aqueous 15 pdpermakingpioteysdorproducing astrand) softsand low dust filled erepedy t 0

Figure 2, is . f | | d . Enllvﬁﬁt ely
evolving into ussaégﬁ?é?%%rﬁ%@éﬁégg' ) ,géswg\’vﬁéﬁsﬁ'ng, illed
creped tissud pafisgussion, wherein reference is madetpfigereskussi on refers to Figure
3: 20 A storage-vessel 24 is provided for stagi ng an aqueous

slurry of rel atg. 0. ' fi i 5 conveyed
by reane of a | Tgre LIRS eiaRal Vil di ¥ profehtil daddrbiir, o7 1 )
devel op the st r gngehine 80 fopmapulacturingpapee acearding-to dhe-nresent investion.
Gesired i h he- formiRyo MURPt papbriking itchirfs 80 cofprisst aliyered ' enath. s
conditioned in r’? §§1t éﬂ%am%mt?ﬂtq%ﬂ%s?%fﬁéaﬁ‘ Spaé%a'ﬁeé ?ﬂtéom

sui tably corldi t ichambesi83; mslice roof 84, and a kaurdrinier wiret85 which is Poped over a
fan punp 30 for rgg iﬂaﬂotﬂidr&éﬁrbm??.qdb?l&%{df@d Oﬂqjdrmbctﬂdr#ﬁsléﬁés%ﬁ- couch roll

0 Saacous 71 ooz RECAPRERIY Pr U3 1018 W Pl prs papetmaking °' " "9 2"

‘Still referring fumish ispumged threugh topechamber i823aisécond papecmakingfurnishis f i ne

particulate fil !&I ;?éd‘fl{ - ﬁﬂ&g 8}&?%!\26&%2%5' whilg \ghitd Jirnfsh-is jgSper si on
of '? r?‘"%t. ts't fhe f ) t | at
lurry as 355 wethrough btiom ghamber 83 and fhance oo of he'siice oot w".o""Jﬂa are

i's conditioned iunder relationmonts FQirdtinienwirei 85 tolform thereon ah embryenidiweb, e.

i c
@"gl urry

Resul tant slurr Ységéoﬁlﬁri%in? layers 684 Sshd 68815 dnd 8c. "Déwatetihg oecirstRrdught h an
aqueous di spersi Ou () rdnier wire 85 and is assisted by deflector 80 and bo
_ y deflector S0 and vacuum boxes
91. As the Fourdrinier wire makes its return run in the direction shown by
20 the arrow, showers 95 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
25 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 ioop by passing over and around additional
turning rolls 101, showers 103, and vacuum dewatering box 105. The
predried paper web is adhesively secured to the cylindrical surface of
30 Yankee dryer 108 aided by adhesive applied by spray applicator 109.
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 sheet 70 comprising a Yankee-
35 side layer 71 a center layer 73, and an off-Yankee-side layer 75. Paper
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paper maki ng fi bers. ' Still referring to Figure 3, a short
papermaki ng fiber slurry originates froma repository 39, from
which it is conveyed through pipe 48 by punp 40 5to a point where it

mxes with the CWPAFBIShed fine particulate filler slurry 38  PCT/US96/Q4334
becone the short fiber -based aqueous paperngﬁi ng slurry 41. Pipe 46
conveys an aqueous dispersion of cationic s?arch which mxes with slurry
41, aided by in line mxer 50, to formflocculated slurry 47. \Wite water

29 i s dighest B0 theri passas betwear calbndarsolls 1¥2 shdah3napgra n fan punp

paper maki ng. sl ur (g aptereniat o 5 tag) 1 aretRghoe s e o B T Foe
floccul ant to i ncosada7 disposedon sheft 118. flocculation of dilute slurry
43 formng slurry 45, " Preferably, the short papermaking

fib I 5 f ' .3 | S 5,,..di i th f

paper ékﬁﬁgypéoceéiﬂﬁﬁtgﬁgﬁgﬁwa Jore dﬁféﬁﬁr&%m;%;&rfﬁ%& o
two approxi mat el papgnsheet#Qis pumped tbroughrhottosichamber

75 and Yankee. si qooious 84 sk Whih faimissFIEXpcyisd drBLy @ the FaKHiier WRe 28, P g
filled creped ti&?M‘é%;hg?wggﬁyﬂ,%ﬁéemﬁﬁ’%ﬂsﬁghﬁ@%@éﬁ%f| ry
33, 20 ref er rientertlaydti 79 ofpaper sheat 7 is tixd furnish delivenedithrough chdmiver
chamber 82b jq &.Soﬂhééd?ﬁ?{ 4 WhitH'furhish fo Efér-é&ﬁ’@ﬁt byér'tBc.

e

SErong, Sott. | o Genes EYankee-sids layer 75 of paper sheet 70 is the fumish

PCT/ US96/ 04134  delivered through top chamber 82 of headbox 81, and wiich furnish forms

The Creped Pape”l?%rféhapéﬁmlayersgbofamb Er'\isweg: sh.imugﬁ*ﬁgﬁuf
representation illustratin cre l%per | n rocess tor producing
a strong, soft, ANGWSHRR g?'WPBS‘a(‘! Bq?a@gafiﬁaweawee@mr
preferred enllddi wel, headboxi8t mayoaiternativelycbé atdapted tg make uhisvensd,itwo,

wherei n referencggd dﬁﬂﬁ? i Svebs Figure 1 is a side
el evational vi ewq(a)*é'a pre rte’?‘r‘lgd %aper maki ng

Further, with respect to making paper sheet 70 embodying the present

invention on papermaking machine 80, Figure 1, the Fourdrinier wire 85

20 must be of a fine mesh having relatively small spans with respect to the
average fengths 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

25 obviate buiking the fabric side of the embryoriic 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.

30 .

The present invention is applicable to creped tissue paper in general,
including but not limited to conventionally felt-pressed creped tissue paper;
high bulk pattern densified creped tissue paper; and high bulk, '
uncompactad creped tissue paper.

35

The filled creped tissue paper webs of the present invention have a

basis weight of between 10 g/m? and about 100 g/m<. In its preferred



machi ne 80 for manufacturing paper according to the present invention.
Referring to Figure 1, papermaking machi ne 80 conprises a |.ayvered
headbox 81 havi ng a top chanmber 82 a center chanmber 82b, and a bottom 10
chanmber 83, a slice roof 84, and a Fourdrinier wire 85 which is | ooped over
and about breast roll 86, deflector 90, vacuum suction boxes 91 h roII
92, and a pl urWA%sPIEB turning rolls 94. In operation, one pap® %
furnish is punped through top chanber 82 fecond paper maki ng furnish is
punped t hrough center chanber 82b, while a“third furnish is punped 15

t hrough bottom chanber 83 and thence out of the slice roof 84 in over and
under relation @mbndﬁnandﬂnmfﬂndhtmrﬂﬁetofﬂmpmshunmntmhastabaﬂsc web

?ﬁecggﬁ:ldf: Elgelrwéﬁts%ﬁ 2 P@ﬁmﬁ&g baef e tora'g%%&érvacuu#boxes

91. As the Fourchqt‘ﬂ?%ﬂ 9?\"61 b?@t 'eﬁepﬁ'és'd?PEEQrUﬂb%hom by
20 the arrow mmemwu-nmmrmessamnmmomm

I &}nﬁm&? b 88
'?:‘/EGIII:ISf erred %aStle#) 'lm ram noués}ncar rrer fn?ggnsd ﬁéé"ébéﬁﬁze acé)ﬁ'le% 0 vacu:J?n
transfer box 97. lnventlondjasrq densityhetween abayt 0.03 gim2 ané@bppbﬂﬁgfglam nehst er

zone 93 past vaenoshpreferabiy isstween gbbab0.08 g/ aad®2 B/md- t hr ough predryers
100 and past two 25 turning rolls 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 c| dhecpresent mventlooés\mrmewpabcametmmpublavgredt@smop by
_passi ng overjpanpaped webs2 Tissue¥iiuctures formedTrdig wébydrer s 103, and

secured to the & ’?ﬂﬁ#@ﬁ? S Fatent 2.994.251. HiorRilh eJraT%g Eﬁﬁ\“ﬁ&ﬁ‘ |
adhesi ve appl i ed87, Y. -RatapbNe.c4800,980oCarstens, iysyuedNavembeniTe18&1.0n the
steam heat ed YankgepPgtettNol 431680010 DutPingét al., |ssueﬂ'f)\|.fdrﬂ].|st28hf919°~ﬁnénd

iry or oped 11 L&%%E%@%%HM%@ B75 a1, Ecymnia Sk, Bopbied 5, "
it is desigriat ecsmbeehemmlmﬁmmgnmmmw by referdneecThe 1 a
center |ayer 73.iapdtd afé prdtbrabiy'Gifiprisediof ditférent’ ! E rg}yplcally\/\o

96/ 31653
30 sheet R9ING,Ealativaly.long softwood and relatixely,sho @s uedit a

ci rcunf erent |1itl7 ip mulfi-dtayenéd tissiie gdper making. hMualtilayeredtissdeipaper webs| | 116 on
L e e e e ol Gl ool s e et
Preferably, the multi-layered tissue papers comprise three superposed
layers, an inner or center layer, and two outer layers, with the inner layer
located between the two outer layers. The two outer layers preferably
comprise a primary filamentary constituent of relatively short paper making
25 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 preferably
comprises a primary filamentary constituent of relatively long paper making
30 fibers having an average fiber length of least about 2.0 mm. These long
~ paper making fibers are typically softwood fibers, preferably, northemn
softwood Kraft fibers. Preferably, the majority of the particulate filler of the
present invention is contained in at least one of the outer layers of the multi-
layered tissue paper web of the present invention. More preferably, the
35 majority of the particulate filler of the present invention is contained in both
of the outer layers.

The creped tissue paper products made from single-layered or muiti-



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 becones |ayer 88c of enbryonic web 88. The genesis of
t he center layer 73 of paper sheet 70 is the furnish delivered through
chanper 10. 82.5 of headbox 81, and which furnish fornms | ayer 8 n b of
| ayer 88c. WP si s of the of f- Yankee-side |ayer 75 of ﬁ%ﬂgr"" 8@@
70 is the furnish delivered through tg P chanber 82 of headbox 81, and
whi ch furnish forns | ayer 88a on top of |ayer 88b of enbryonic web 88.
Al t hough Figure 1 shows paper machi ne 80 havi ng headbox 81 adapted to
make a three-| aylayened crgppd tissugpaper webgganhe sinalgchly tisgueprogduetst @4 t o nake
unl ayered, two mulh-blwtissuﬁbrdﬂdw mul ti-layer webs. Furt her,

wi th respect to nmaking paper sheet 70 enbodying the present i nvention
on papermaki ng machine 80, Figure 1, the Fourdrinier wire 85 20 nust be of

a fine mesh having reTB@BQ@IPWOS)hﬂNmmWﬁI m&ofh@”w"ed inthever age

For mat on wi I Oppgt Sapostbesaga e comsistoncy palp ftfeh Bpraddad T 80 le

[ Wi R v

fine " Tesh neeRriFd hodtbox, L‘?‘ﬂdﬁ%@f}’éﬁi’ﬂa pefiia e AEREERIA D T e

aver age I engopQSItﬁf nulmfurms mta;t!msﬁourdnmmgwnméo megﬂ webwebs Jihei sh to

flﬁbSt a{]t ially 25¥ve|Bt?é’tﬁ3rﬂy Mﬁt@ﬁd‘ﬁmﬁ&r\%ﬁﬂlggﬂ t X ‘ﬂbt ' {‘t 0
e inter- ila o | C respec o]

t he process m%‘%@x‘?’ﬂgwﬁﬁtﬁ!?ﬁ&ﬂﬁ 70 t he paper

web is 0 eferably dried to about 80% fi ber consistency, and nore

preferably to ab?U %@?Ii&f C;fér dts A&ordin Wlsags

Th 1 1 i dt

T e bt "mol therhreSertiy oﬁnﬁﬁmq & parerma 5@%@%5&9@%&%@
paper; hi ghfduaininqnmstﬂanedbfwmﬁamdnbmpmtn sThe spepeeof thariovéntioh bul k,

unconpact ed o epgRolikGiugs i8R/ papdPprod resunammnmwoﬁﬂﬁ@ﬁgﬁgum pfes e

paper webs of_the ese S en 10
e and aboht - |BEbe IRYSTs i which ST dnene Jayers of fumish apppoRe
PCT/ US96/ 04134 from the deposition of separate streams of dilute fiber slGrties for example in

enbodi nent, the a basi s
wei ght bet ween aé +'ﬁ%5‘shﬁ§7'§8g% o(u)i’."ést?by H@W& l"ﬂﬁe?era
bet ween about  10d8feRent fibd 'mﬁt"@(ﬁ F&typi fPE‘é'M%'Y soffwond

relatively short hardwood fibers as used in multu-iayered tissue paper

20 making. Ifthe 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 fibers typically being relatively long softwood and relatively
short hardwood fibers. More preferably, the hardwood fibers comprise at

25 least about 50% and said softwood fibers comprise at ieast about 10% of
said papermaking fibers.

In the papermaking process used to make filied tissue products
according to the present invention, the step comprising the transfer of the
30 web to afeit or fabric, e.g., conventionally felt pressing tissue paper, well
known in the art, is expressly included within the scope of this invention. In
this process step, the web is dewatered by transferring to a dewatering feit
and pressing the web so that water is removed from the web into the feit by
pressing operations wherein the web is subjected to pressure developed by
35 opposing mechanical members, for example, cylindrical rolls. Because of
the substantial pressures needed to de-water the web in this fashion, the
resuitant webs made by conventional felt pressing are relatively high in



suitable for the present invention possess a density of about 0.60 g/cn8 or
5 less. Inits preferred enbodinent, the filled tissue paper of the

- present i nvention has a density between about 0.03 g/ nB8 and about 0.6
- g/ n8 and, . nost preferably, between about 0.05 g/nB and 0.2 g/nB.

~The present invention is further applicable to nulti-layered t]

paper webs. Ti ¥QW36PBuctures forned from |l ayered paper webs a#gﬁﬂgmﬂgnu
described in U S. Patent 3,994,771, Mrgan,. Jr. et al. issued Novenber 30,
1976, U.S. Patent No. 4,300,981, Carstens,33ssued November 17, 1981,

U.S. Patent No. 4,166,001, Dunning et al., issued August 28, 1979, and

Eur opean Pat ent danbilyam afschiraciéri2gdd by Favihg.a tniformcderesit alhrou?hutltlmehed 15
Sept enber 7, 19%%%“’” ch are incorporated herein by reference. The

| ayers are pref rised of different fiber types, the fibers
typically belng rel atively Iong softwood and relatively short hardwod
fibers as used iAtHe pdperma Wamwmlem&su&/lﬁédudwyered

ti ssue paper _webs tabl Lor I n t | east
Lo super posdd (AEgedng gﬁrﬁﬁmm&@sﬂb 4h corbiigihg b 508 51

contiguous wt hspm-dynwobtoayankee d'yefPﬂlﬁm&ﬁ presserkduting fransfpe le i ssue
Puo out er | ayer § '*‘m?“?“"m. R I e e e N ey
| ayers. The tvvo 3@%9‘98 %&éﬂf?‘m B%?geg'&f\%sﬁ% ?“%‘ ment ary
constituent of rdsumtpressmagansummb nviacuum amy gisaobe apphied 8% age

f i ber | engt obelig pegutigainst 1ié'Yafkisd burface, rmmltlpleYariKe%deéP&Mrds% t han

or paper maki ng

about 1.0 nm Thes ers . pically conprise
har dwood f i bersbep?’BP'ngt |y hardwood Kraft fibers, and nost preferably
derived from eucal ypt us. The I nner | ayer pref erabl y conprises a

rimary filanentar ég,gﬁh fibers
ﬁaw ngyan aver a y ger en le?&vé@slﬁtg\é(ﬁ;ﬂﬁa W Ldgﬁna@n paper

maki ng fibers agﬁe{’ EF%PF&?M%H‘@W@" ‘@FBF'&BF which .
sof t wood Kr at fthéessultafit sthactare :;mai'aetemedrbytnavirigawamly high bulk field | er

f th

Fayterg of thgreﬁ??&a{'wwg%ﬂr&ee({&t ssureh?paﬁéey d%)n%ﬁ@t esenﬁ\'ayIter

i nvention. Mor e highfikerdansity dispessed withip B'Q‘S‘fbt{lhﬁe ar"?'l 'apv"?ﬁqlm of
the present inveailerratively chaactarizst as alfieldiof pillow pégibhs: The densifige zenes

The creped ti s\ Rfiativef) Hofehriod T84 KrkulkisToBiBhS: T derlinist 28k inay

'PCT/ US96/ 04284 be discretely spaced within the high bulk field or may be irggmormecteql,ayer ed
creped tissue pajihier fullyor pantidly, withialtRe bigh bulk figld. [Preférably, the zones of
relatively high density are continuous and the high bulk field is discrete.
Preferred processes for making pattern densified tissue webs are disclosed
in U.S. Patent No. 3,301,748, issued to Sanford and Sisson on January 31,
25 1967, U.S. Patent No. 3,974,025, issued 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. Patent 4,637,859, issued to Paul D. Trokhan on January .
20, 1987, U.S. Patent 4,942,077 issued to Wendt et al. on July 17, 1990,
European Patent Publication No. 0 617 164 A1, Hyland et al., published
30 September 28, 1994, European Patent Publication No. 0 616 074 A1,
Hermans et al., published September 21, 1894; all of which are
incorporated herein by reference.

To form pattern densified webs, the web transfer step immediately

after forming the web is to a forming fabric rather than a felt. The web is
35 juxtaposed against an array of supports comprising the forming fabric. The
web is pressed against the array of supports, thereby resulting in densified



mul ti-ply tissue products. The equi pnent and net hods are wel |

known to those skilled inthe 5 _art. In a typical process, a |ow

consi stency pulp furnish is provided in a pressuri zed headbox. The
headbox has an opening for delivering a thin deposit of pulp furnish
onto.the Fourdrinier wire to forma wet web. The - web is thegaé% jcally
dewatered to a fWBERKEhsi stency of between about 7% and a %@M&"
(total web wei ght basis) by vacuum dewaterijyg. 10 To prepare
filled tissue paper products according to those di scl osed in the

present invention, an aqueous papermneking furnish is deposited on a
f oram nous surf agenésirf theweb atdh®d locations gebgraphically opreesponding to'tkent i on

al so includes ti f | O f

LI ple 15 pap Dol S0RRIA HAUGC poiay G BupbbAT ah The Al PRb O Tng!
preferably fornefemaindef oliheweb netcompresseddu isaperationdg fefepeddpiagt e
fiber slurries fgig Righbulicfield. This high Bulk field Ban belfethdrafudensifiéddy! ayers are

f bl ' ; . ' . ' pcal |
et ng. vol ut i By eppfeation;cf fuick rbkgiire! buch) & ieh Yaeuuilind HAVER b AU ¥ .
used in nul ti-| ajhreugh dryscu The el isdewatenedand optianally iprefriads insuchR@ers are
in Ini)l al ljy WL or med nfdhndf B8 @8 HE substantiallydvoid compraseion ot tife RighBRAKAEH! This
conbi ne en we e e
paper e 10 1 bl AERTR AU e L MR IR s

i ypi : . h
shor thar duogq | wadgaindtish dhFey/ saoits Wherdh Ul IGH HLICREA IEASP | se at 25
| east about 50% and sai d ,sqf twood fI ber,s, conpri se at l.east about, 10% of

d i ng SPmptFAsed.” The Gpérations of geyglering, pfiona! PIEKYBEAY s
521 paner ks ng Rl T bl bR ion R e voco
Step conprising éude tABISIEI nihbér6F prcesiity $tepspbRibrmed. Tridmofsturd 9.

t 1y felt t wel k th t, i
expressl y 1 ncl udGantent o 5?%@%@%%&?9?%@%{&#%%%@% 88 cess
step, the webSi slassitharn abdut40% andihe hot aigis forcedthrovghrsaid) sealidry web and
Pressing (he wehwkile i beRbfYwes i SHTBBToMATIAGHE w96 Bidw bBfsi! | bV

pressi ng operations whereirn tthe web 1s's to pressure devel oped by
35 opposing nmech - menbers, for exanple, cylindrical rolls. Because of
t he substantial pressures needed to de-water the web in this fashion, the

resul tant webs nmade by conventional felt pressing are relatively high in
WD 96/ 31653 @ pattern densified wab is transferred to the Yankee dryer and

PCT/ US96/ 0413¢ dried to completion, preferably still avoiding mechanical pressing. Inthe
present invention, preferably from about 8% to about 55% of the creped
tissue paper surface comprises densified knuckies having a relative density
of at least 125% of the density of the high bulk field.

25 The array of supports is preferably an imprinting carrier fabric having
a patterned displacement of knuckles which operate as the array of
supports which facilitate the formation of the densified zones upon
application of pressure. The pattern of knuckies constitutes the array of
supports previdusly referred to. Imprinting carrier fabrics are disclosed in

30 U.S. Patent No. 3,301,746, Sanford and Sisson, issued January 31, 1967,
U.S. Patent No. 3,821,068, Salvucci, Jr. et al., issued May 21, 1974, U.S.
Patent No. 3,974,025, Ayers, issued August 10, 1976, U.S. Patent No.
3,573,164, Friedberg et al., issued March 30, 1971, U.S. Patent No.
3,473,576, Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065,

35 Trokhan, issued December 16, 1980, and U.S. Patent No. 4,528,239,
Trokhan, issued July 8, 1885, ali of which are incorporated herein by
reference. '



33 density and are characterized by having a uniformdensity

t hr oughout t he web structure. In the papermaki ng process
used to make filled tissue products 5 according to the present invention,

the step conprising the transfer of the sem -dry web to a Yankee
.dryer, the web is pressed during transfer to the cylindri

drum appar at us 6Bn the art as a Yankee dryer. The gﬁt’f’%ﬁ‘%&g‘]‘
ef fected by nechani cal neans such. as an opﬁm ng cylindri caI drum

pressi ng agai nst the web. Vacuum may al so applied to the web as 10 it
I S pressed agai nst the Yankee surface. Miltiple Yankee dryer drunms can

be enpl oyed. Motﬁdl\vgr Iy ¥ 6BRY/ oﬁ@/ﬁéb&tms&d%cbhﬁmaqwakl ng

process for nakln

I I t
Gensi 1 ed et ho¥ wpmﬂpg@mqshimegﬁm?erﬁn%{%ﬁue?w ipnd @i "y
havi ng a rel ati farce tthgweb landtheredfter thennallyrm'ednecien;sdd)fabnclsrpanedsa ty

and an array of (ge P‘(r?%b ively hi gh fi ber density
di spersed wi hmtheﬁ’@ﬁ#ﬁ?ﬁ&e #le high bulk field is

alternatively characterized as a field of pillow regions. The densified
zones ar e al t er Aabthee variatidreof the pmcessnigsleps mch&dgdoniﬂnntl‘hepmam f i ed

20 b
[t et connect ed, *““ﬁﬁﬁ?ﬂﬁ"‘*‘é‘nﬁﬁ?%ﬂ*ﬁfﬁ%ﬁ W‘%" [ fiela

Preferably, thedspsifiedmulti-layergd syghas ace d’t‘Js and

t htet hi ghdbul k]c f LkSdPatentNec8 812,000 issudd tof Juseph LpSalvaseicJr. fand Petar Ng

pa ern en | S

50301, 746, ﬁésuﬁéﬁ?ﬁﬂﬁ??aﬁéféﬁéé?ngoﬁ%"t No, “@?‘?’? 5#?2%‘;@

Pat ent No. 3, 97X Becker, AlbartiLsMcBen E'P%!'d 1976, and
U. S. Patent No. bﬂﬂﬁﬂwﬁ&ﬁan rhmtbmfb rBferbhcm 4, 1980,
and U. S. Patent t 20,
1987, U.S. Pat er‘°§"7‘§2§§§7¢5 @gﬁ%& %&PS%HJF"'SE‘%?%@SQ% ﬁ%‘%ﬁ'ﬁ'ﬁs

Eur opean Pat ent @@ prepased by dapositing a;paper meking fumishiona fsrammpus forgiing 30
Sept ember 2§s 1%ird such £8°8 Fouritinfstwirtv{d fofifild Wet Wb, dra fhé‘weéb and

He t al | S | . A
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webs, the web t has<ffibercoppistancyof at leagt 80%, and ceapingtheiwepb.t Wateeis is to a
formng fabric rrehbeédfrbﬁmaﬁéﬁs vadlinY 88whferiAg andMémnsl digingdIhest an
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20 uncompacted fibers. Bondmg material is preferably applied to portions of
the web prior to creping.

The advantages related to the practice of the present invention
include the ability to reduce the amount of papermaking fibers required to
25 produce a given amount of tissue paper product. Further, the optical
properties, particularly the opacity, of the tissue product are improved.
These advantages are realized in a tissue paper web which has a high ievel
of strength and is iow dusting.

30 The term “opacity” as used herein refers to the resistance of a
tissue paper web from transmitting light of a wavelength corresponding to
the visible portion of the electromagnetic spectrum. The “specific opacity”
is the measure of the degree of opacity imparted for each 1 g/m2 unit of
basis weight of a tissue paper web. The method of measuring opacity and

35 calculating specific opacity are detailed in a later section of this
specification. Tissue paper webs accdrding to the present invention
preferably have more than about 5%, more preferably more than about
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the Wweb at the | ocations geographically corresponding to the poi nts of
contact between the array of supports and the wet web. The remai nder

of the web not conpressed during this operation is referred to as t he
hi gh bul k fiel d.WagB6/368% gh bul k field can be further dedensnlemm@““
application of fluid pressure, such as with _a vacuumtype device or a bl ow
through dryer. The web is dewatered, and opSfonally predried, in such a
manner so as to substantially avoid conpression of the high bulk field.
This i's pref 81580 ahdarfi6 S Prbferdlsiyl nitre thaH Sbdllt 896 Ipécificopdeitys W th a
vacuum t ype device or bl'owt hrough dryer, or alternately by
nmechani cal |y pressing the 10 web against an array of supports wherein the
high bulk field is notTl hetemvc'strpngthgcsusmnemrefensdqwmsmtmhtagsﬂe

optional predryi n&rﬁfqih thedeiérhmétidhﬁnemom&ﬂmﬁb&%&d i i eH‘ih’atl&ter
integrated or art J y |ntes$ﬂg}%'o& The tissu reduce t tmagm&g d .
processi ng st u ry we

at the point of tpmanenvemlmemuueeEnsgmallysmﬁnsmmmaspmMWO%
and the hot air |gnsfis dnéthﬁé’ E@&&Ws@étﬁr&ﬁﬁoreprefdﬁtblgﬁndrb%ﬁm'dry
web is on saldfor %ﬂ% orm

ensity strUcture.
The pattern densi® ransferred to the Yankee dryer and 20 dried
to conpletion, preferably stlll avoi di ng nechani cal pressing In the

Fr gzﬁgt piag\e/(rans%(rjp prtgggf‘gr ] SES 'yé;PSI ,fb&ﬁg(s. éré)uc fqm%as‘ﬁéﬁ e at %e&%n& ty

of at |east 125% t"ﬁﬁumpgm gse Tibpes
array of supportsfllersnseﬁmmwnmcomnedtablasuoatsstethefméthodolbgyforgnhlch a

patterned displac I I

supports which faf(a:squm%“ﬁ H:ﬁf#ornaeéwon O#)gﬁ]&&%gﬁélg- ﬂfz‘gﬂ’éts%re‘ated
appl i cati on of priassiangth reipasedibersacpart 'G‘Péésf’lﬁﬁ‘gl%ray of
supports pr eV1s>us+elateaftetheede m tb mmudmm of partitiesrare anchorediintolthe ed

1967, U8 e”*%"%m@%é%'ﬂﬁé%%@gﬁ rnepadd 5 st 30,

1974, U.S. Pmas Haweyer, ibiszrossiple tp havesa levelefsirengthowhichis u S.
Ea: ent m ds atceptable but hhvdhn uni lWMoBm'ltmgQihn.ltshh%ﬁ v
at en . at en .
4,239, 065, 35 Trgﬁ%an BéCaudaitithy o @Wg%&@%éﬁ&d Eeleranpis. el
4,528,239, 20 Thwianeof MMM@M@WPMMHWB@M%@Q;WB@M& ed
herein by r e&eg«%acvf bonding beneath the surface can be sufficient to raise the overall

level of strength to quite acceptable levels. In another case, the strength
can be derived from a skeleton of relatively long papermaking fibers, while
fiber fines or the particulate filler can be insufficiently bound within the

25 structure. The filled tissue paper webs according to the present invention
are relatively low in lint. Levels of lint below about 12 are preferable, below
about 10 are more preferable, and below 8 are most preferable.

The multi-layered tissue paper web of this invention can be used in
30 any application where soft, absorbent 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.
35
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35 Most preferably, the enbryonic web is caused to conformto
t he- surface of an open nesh drying/inprinting fabric by the
application of a fluid force to the web and thereafter thermally
predried on said fabric as part of a | ow density paper makin r SS.
5 ° MOWFI$S3vari ati on of the processing steps incl udgﬁr’%\s%o‘f?lgfﬁt he
pr esent i nvention includes the formati on of, so-called unconpact ed,
non pattern- densified nmulti-layered37i ssue paper structures such as
are described in U S. Patent No. 3,812,000 issued to Joseph L.

Sal vucci, Jr. and Peter N. 10 AnalyticalandTestingProceduresind U S. Patent No.
4,208, 459, issued to Henry E. Becker, Albert L McConnell, and Richard

Schutte on June 17, #?%Oe’nsi bot h of which are incorporated herein by
reference. In genera 'Uncorrpact ed, non pattern densified nulti-I|ayered
ti ssue paper structures are prepared by depositing a paper making

07173707 NSy S 408 b, s 01
, i D \ it

mechani cal conp H%B& JPrase P"T'glecﬂmates as 'hﬁgaﬁ"fwgﬁtn%éﬂé‘la@p@ﬁ%@# at

| east 80% and dyehe cglipsrewithithe appropriate unit convensiorsiincoterated theneinyy

vacuum dewat er i r@ﬁ!ﬁ%ﬁ lof(ﬁ‘ﬂrlﬁﬁ*i-l erl fissué'Baper, as U88Y hitrdid, i8 the'fHickess of 2

L P 1% P i o S BHE Rp)

Crepi ng. 10 The advantages related to the practice of the present
i nvention i ncl u?; ﬂbﬁdﬁmnlw HtDéRMAt anount of paper maki ng
fibers required to 2 produce a '99ven anount of tissue paper product.
Further, the optical properties, particularly the opacity, of the

ti ssue product are i Mecssential distinguishing:charactegstic of polymetic materials is t i ssue
aper web which | : ' iwagd. 30

'Flj'hg term "opaci ttgéiﬁg@%%g% %ﬁ%%‘ %quﬁsa%ﬁﬁgﬁpg??lg?lﬁégw@%% beS ti ssue
paper web fridm tysgddndiversity ofapplicationsderive-aimost EM’PE’S’M&'?‘E}WO' t he
Vi si E' e portion mébletiilar nattrs. inorderddichargeterizefally ﬁue'mated'alsiit:iscqsaemiqt"f
is the nmeasure : ; t o
basi s vei gnt  of 12 e s fEafé of Witirilaid Bilehining el ihclecull Weights | 11
cal cul ating spednd reolestier weight disidbutionsditis:mare a@@ectéemﬁw &F“‘trﬂh“’e
'speci fication. Tholecglapmass rathes thecmoledulag weipht sutithe tatier is usexhmoren
preferably hiyve daNefaily' Aot tedrifolGBY. it i8 ot Siwdys pratica! to deterine’

molecular weight distributions. However, this is becoming more common

practice using chromatographic techniques. Rather, recourse is made to

expressing molecular size in terms of molecular weight averages.
25 Molecular Weight Averages

If we consider a simple molecular weight distribution which
represents the weight fraction (wj) of molecules having relative molecular
mass (M), it is possible to define several useful average values. Averaging

30 carried out on the basis of the number of molecules (N;) of a particular size
(Mj) gives the Number Average Molecular Weight

Mn = ZNiMi
2 Ni
35
An important consequence of this definition is that the Number
Average Molecular Weight in grams contains Avogadro’s Number of
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and nost preferably nore than about 6% specific opacity. The
term"strength"” as used herein refers to the specific total tensile
strength, the determ nation nethod for this nmeasure is included | Mtﬁr
5 section of tM®BIEIification. The tissue paper webs accor di

present invention are strong. This general I(i{&maans that their specific

t ot al tensile strength is at |east ab 0.25 neters, nore preferably
nmore than about 0.40 neters. 10 The terns "lint" and "dust"

are used inter chingealls, TRiseinfiBA of moledulirateisit is RBnsiSRABWRM tRdt of t i Ssue

paper web to rel ease fibers o[ rticul ate fi Iher.s ) measurc?d in a
control | ad abr asMARCHIARerse malectié sperias, - Folegyles;having the same majesyiar,
| at er section of weight. Qfendoreisignificancelis tive racdgmition that & the namber of to

strength since t R d&ies NIRRT PoIisPereh pBYnidr Cafbe detéimiRed i 15
0 1 O N ok bt il T o PRy 0

strength will Dbecolligative'property theasarements. it i s possible to have a | evel of
strength which is regarded as acceptabl e but have an unaccept abl e

level of linting or dAweraging on the basis of theywaightieactions (W) of melecules gf 8an be
localized. For egweh mass (Mj) Riadsto thedefiritiortol Weight Aversyje Molecolar be prone

to linting or du%%igﬂp while the degree of bondi ng beneath the surface
can be sufficient ai se the overall | evel of strength to quite
acceptabl e 1dQels. In another case, the strength can be derived froma
skeleton of relatively |ong NRpes FRiWiNi_£i N M2Whi | e fiber fines or
the particulate filler can be 1 nsu J enttﬁfﬁund wi thin the 25

structure. The filled tissue paper {dlng to the present invention

are relatively lowin lint. Levels of lint bel ow about 12 are preferable,

_lla_ﬁl ow i about le_ aﬂﬁ"aﬁn@hﬁiﬁﬁﬁbﬁ&t r?sa}agiembiggihgpa[ymmb |eagg,_f er agl e.
2ppl 1 cat i on her &S e Bin Bt feaiests pierm Akcaalde adc abbeitiiins Aol - "
requi red.- Parti cwisgosify and mechgnicalproperties of polymers and istherefar usessindheaper
web of this inventddamt nfigntoi l et tissue and facial tissue products. Both
single-ply and multi-ply tissue paper products can be produced fromthe

webs of the present |g/cHiipPParticle Size Determination

Particle size is an important determinant of performance of filler,

20 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

25 fillers. Equivalent spherical diameter determinations of fillers can be made
using TAPP! 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, Geargia. The instrument
uses soft x-rays to determine gravity sedimentation rate of a dispersed

30 slurry of particulate filler and employs Stokes Law to caiculate the
equivalent spherical diameter.
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Analytical and Testing Procedures A. Density 5 The
density of multi-layered tissue. paper, as that termis used herein,

the average density cal cul ated as the basis weight of that papg{-’@’g'k%/éﬁ’gf’g
by the cali perwm“b‘he appropriate unit conversions incorpor I n.
Caliper of the multi-layered tissue paper,_as used herein, is the thickness
of t he paper when subjected to a con%?esswe | oad of 95 g/in2 (15.5
g/cn2). 10 - B. Mol ecul ar Wei ght Determ nation The

essential disti ngw i Hmeemfmmwhnamis poPgperic materials is
their nol ecul ar size. The properties which have enabl ed polynmers to be 15

used in a diversi ty-mo gw"baqﬁ‘ﬂ,m; %E@%gﬁ‘zr tﬁgltdé I ?{‘);ﬂ%&nsl r

macr o- nmol ecul ar nat ac erl ze
materials it i Jopguantitative analysis gf nen-celiviasic fillermaterialain |Rﬂmﬁ Iﬁd"d n

gettermbmt ng thﬁhépfﬁdtmldfmls‘ime&?bﬁ twomemdsmlbsubfﬁlmwhtabletothe I

i stributions a : ul ar
-mass rat hergt héhé%l'%%%? 'ﬁ@%ﬁf"’%ﬁf“ﬁe §t'i’g'ﬂk@‘%ﬂsé§¥ﬁ%r a?&“gbg%eral |y
in pol ymer tectadnargenicifilersinganesal.Jhe %0966 Mhod.(ﬂﬂ!mm% kaolin

nol ecul ar wei gijy XIRF! isitildred specingaiiMorthe fillersfound pantisiiay sukableinthen

practice using chrorra lc.te ues her, recourse is nmade to
expressi ng nol e%ﬁ @é%&?ﬂ"&ﬂét}'ﬁ?ﬁ]ﬁ& r wei ght averages. 25

Mol ecul ar Wi ght Averag% I f we consider a sinple nolecular
wei ght distri but i on AS represents the weight fraction (wWerr]) of
mol ecul es having rel ative nol ecul ar mass (Merr]), it is possible to

define sevagal usef Ashingisqprfonmed by.usé\.ofracmufiie fifhacer In this methodpafonr basi s
of the nunber gia%bﬁlﬁ%éi%frﬁ &F&Mq@ahﬁﬁ&i hhd Wrféd. SNER, a clean &4 e”])

gives the Nunb erage rrln =
[err] N err] M er@mpty platlnum dish is weighed on the pan of the 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 10 grams

15  of the filled tissue paper sample is carefully folded into the platinum dish.
The weight of the platinum boat and paper is recorded in units of grams to
the ten-thousandths place.

The paper in the platinum dish is then pre-ashed at low temperatures

20 with a Bunsen burner flame. Care must be taken to do this slowly to avoid
the formation of air-borne ash. If air-borne ash is observed, a new sample
must be prepared. After 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 muffie

25 furnace for approximately 4 hours. After this time, remove the sample with
thongs and plaee'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.

30 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.

35 The ash content weight may be converted to a filler weight by



[err]N[err] 35 An inportant consequence of this definition is

t hat the Nunber Aver age Mol ecul ar Weight_in _grans contains Avogadro's
Nunber of WO 96/ 31653
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ol ecul es. This definition of nolecular weight is consistent wth f
'monodi sper se noWOIEBHES3 speci es, i.e. nol ecul es having the same M|

wei ght. O nore significance'is the recognition that if the nunber of
nol ecules in a given nmass of a pol ydi spers@polyrrer can be determined in 5
some way then [err]n, can be calculated readily. This is the basis of

fﬁlel :Ng ;’it Ih ;/ef P ; g Wm:ﬁaqhewwss on ashing (due forexampld D witek ggpé(ﬂésef r f;
: 151 aterrie o it wsigh a. damn and St plEibe &

| eads to t he defﬁ‘

[err]w = [ err] Weerthpifasrofia foul place batanceMRecotd the welght of the empty

[err]Werr] Iatmu.[d?ﬂ shth %hfti is to the ten-thousan 18- usef ul
re{ ? err‘h

neans for ex mngtg??%g ﬂ%ﬂé‘mgg gawgqgtthe Ier\; S| nce it

reflects nor
mechani cal pr opdntoithe pidtinpm gishr Thewbight of e platmummhlﬂlertdombmat!omsesent

| nventi on. recorded in bnitd bf égihsﬁ&rtﬁé Whper débnat lon’

Particle size is an | nportant term na nce of filler, 20
especially as it relates to the ability to retain |t in a paper sheet. C ay
particles, in part i cCl'Il'ussample ipthenycarefully pidced imthe mpfflerfurnace 8t &75:LC.nreasur e

referredto ive
nmeasur e of o d ‘(}1"a %ﬁplé egggﬁhlﬂhﬁ&ﬁgn"e‘ olﬁ hﬁﬁgﬂéﬁﬁ ﬁe&hﬁ‘gw hat
the industry us 'W@ rRmQve Gﬁ@ﬂa

particulate 25 dedri flame rEtatdlnﬂmlaoepMowahésd Iabeunoﬂfummes)ns of

fillers can be d on
t he Sedi graph] e%g coolmgd'@l &wgi'%mﬁ)ﬂ?%%mpr um&%@%ﬂ?@ﬂa? I
avai | abl e from th@ten-tho g weight.Cor por ati on of Nor cr oss
Georgi a. Thgsi nstrunent

Calculate the percent loss on ashing in the original filler sample
using the following equation:

% Loss on ashing= iginai I [ ._of Fill [ 1
20 [(Wt. of Original Filler Sample&pt digh) - (Wt of pt dish)]

The % foss on ashing in kaolin is 10 to 15%. The original ash weight in
units of grams can then be converted to a filler weight in units of grams with
25 the following equation:

Weight of Filler (g) = Weiaht of Ash (g}
[1 - (% Loss on Ashing/100)]
30 :
The percent filler in the original filled tissue paper can then be calculated as
follows:
% Filler in Tissue Paper = _Weight of Filler (g) x 100

35 ' {(Weight of Platinum Dish&Paper) - (Weight of Platinum Dish)]
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slurry of particulate filler and enpl oys Stokes Law to cal cul ate the
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D. Filler Quantitative Analysis in Paper ~ Those skilled in the
art “wi |l recogwionesiésat there are many met hods for quant i PGR/PEAEN4134
~anal ysis of non-cellulosic filler materials in paper. To aid in t he

~practice of this invention, two nethods w4l be detailed applicable to the
5 nost preferred inorganic type fillers. The first nethod, ashing, is

applicabl e Db&mﬂﬂaﬁaﬂldf'gddﬁﬁﬁylwx Rperal . The second net hod,

determ nati on of kaolin is tallored specifically to the filler
found particularly s n ce of re pvention,

e khal i n. Thb it afariade of the XRP faciiri® oved of ppfthupSEC o s
muf f | e furnace. ashingtechniqueniscspead; butrit is not agluniversally applicables TllthRlF eaned,
cal i brat ed and spéctfoimetbEdan q ﬁaﬁlh@ﬁﬂh&?&el ofkatﬁﬁﬁl :Iﬁ?iabh éﬁ’l

wei ghed on t an_of the four b’ baL he WEI ght of t he
vet e on L0e & ndior Glaloh 5 KRS I RKSS e mOS R BHIRHS ' e
W t hout re-tarrmethache bal ance, apprOX| mately 10 grans 15 of the filled
ti ssue paper sanple is carefully folded into the platinum dish. The

wei ght of the pl atinﬁpﬁ%ﬁ ﬁnd g er | recor ded s of gra

t he ten-thousandths y Flucre ec'Wl' gug igbas qcﬂoq IBH"B'P?'%UTﬂr‘T‘SPEh is
then pre-ashed the sampleafjrterast with X2fay phiatons:fréme Xwap tubeesourcanihisCar e
nmust be tak t Wﬁ%% E"Qﬁ bor ne
ash. If ai ri}gor ﬁgﬂgg %ghﬂrggvﬂig,ivo %sa%'blf*g%owr&ai?'g sgplsaer ed
After the f1amePhPORMitedbyfhe clements Rrésantinshe sempies iihese emply.com ¢ he
sanple in the mdvblsenrbuhaaﬁﬂed WeutaufshbueiectmuseThiﬁllmb by;'tl'ﬁoutershell

t enper at ure of ffle 25
furnace for appr OXI ma?% ﬂg"hourﬁ&ﬂ:ﬁﬁb Wﬁ%ﬂ i JePS(s'|‘aH|*pl e wth
t hongs and pl acBhetong 36?961'3‘9‘4 Pﬁﬂ@?'@ﬂ@ﬂ%ﬁﬂr'ﬂéﬂ%%@vﬁ@%QMﬁe to
cool for 3018 nhasdistiAtt ingerprintehergios $or these Xirayifliorestentranditionsrbi nat i on

in units of grafReghetdifand thiusthe dbHihy"Sr thb Eiémentar Ttdrdst bPthesk EMitted
X-ray fluorescence photons is determined with a lithium doped silicon
semiconductor detector. This detector makes it possible to determine the
energy of the impinging photons and thus the identify the elements present
20 inthe sample. The elements from sodium to uranium may be identified in
most sample matrices.

In the case of the clay fillers, the detected elements are both silicon
and aluminum. The particular X-ray Fluorescence instrument used in this
25 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.

30 - The exact clay level in these standard paper sampies 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. :

35

Before the actual calibration process, the X-ray tube is powered to



30 The ash content in the filled tissue paper I s cal cul ated by

subtracting the weight of the clean, enpty platinumdish fromthe

wei ght of the platinum di sh/ash conbi nation. Record this ash content’
weight in units of grans to t he ten-thousandths place. 35 The
ash content weight may be converted to a filler weight by WO
96/ 31653 WO 96/31653 . PCT/US96/04134
PCT/ US96/ 04134 40

know edge of the filler | oss on ashing (duﬁzfor exanpl e to water vapor | oss
in kaolin). To determne this, first weigh a clean and enpty plati numdi sh

OIna:i Pﬁuﬁ?gl gL ?n qs Of |mbﬁ§‘§ﬂ;d??@qﬁﬂﬁhﬁ ug?}gﬁ&uﬁﬁniﬁfhl Wtho pto re-
pl at ] num di st | olaeats sho dBlarin S0RAIF orahe ARG SrkLSiir Sircalfou s e, ©
pour ed i nt cnlay:eTpe papernsample is préiparad:-by)first catting @ 231 byt 4'rstrip.diTbis/ i | | er
combi nation is stnplir ﬁ'?&&dd'té‘nﬁﬂbﬁz"‘& &@ﬁﬁh Bfrl\*iﬁrkb&% Qﬂk.hs

Furnace at 57 s gamR 3pidaed crtiopial s sempin winAnd e 'Ea{cHSw HE

furnace for apprretainingeing. Dunngékdmpleprepﬁraﬂm tcaresmustioe takento &keepthesanpl e

\éma?rgl teh?ggcszoglndf%r ﬂgﬂ)ﬁm ofthﬁ coo I ng, ﬁl\;i%/e?'ll ﬁmt&ﬁgsg?'aaﬁdnm the

di sh/ ash conmbi n4SiRgthi t he ten-thousandths place.
Record this weight. 15 Cal cuI ate the percent Ioss on ashi ng |n
Lo on th i %@aﬁmmw el 004 8 Ao g 7
Ash&pt dish)] x mrgghbratloncurvelsstoredlntheco sygtem's rr,tg{y IS er

Ingﬂ)e;&gt 1g :)/ S h)T lmeev\banﬁramn Cinvb)is used to calu]an clay levelsdn mhnmpwrrst I;E]wlb ; n
converted t o0 a f | wewﬁ’!ﬁ n&gﬁﬁ& %tem 5 stuB %M@P WI ng
equat i on: sample of known clay oonten is run wnth every set of unknowns.
15 the analysis of the check sample results in an inaccurate result (10 to 15%
off from its known clay content), the instrument is subjected to trouble-
shooting and/or re-calibrated.

For every paper-making condition, the clay content in at least 3
20 unknown samples is determined. The average and standard deviation is
taken for these 3 samples. If the clay application procedure is suspected or
intentionally set up to vary the clay content in either the cross direction (CD)
or machine direction (MD) of the paper, more samples should be measured
in these CD and MD directions.
25

E. Measurement of Tissue Paper Lint

The amount of lint generated from a tissue product is determined
with a Sutheriand Rub Tester. This tester uses a motor to rub a weighted
30 felt 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 fint. '

SAMPLE PREPARATION:
35

Prior to the lint rub testing, the paper samples to be tested should



Weight of Filler (g) = Wei ght of Ash (g)

[1 - (%Loss on Ashing/1Q0)] 30 The percent filler in the original
filted tissue paper can then be cal cul ated as fol | ows: %
Filler in Tissue Paper = Weight of Filler (g) x 100 35

[ (Wei ght of Platinum D sh&Paper) - (Weight of Platinum D sh)]

- PCT/ US96/ 04134WO 968536/ 31653 PCT/US9604134 |
Det ernm nation of Kaolin Cay by XRF The mai n advant age of the
XRF techni que over the nuffle furnace 43 55hi ng techni que is speed, but
It is not as universally applicable. The XRF spectroneter can

quantitate the Beedaidnﬁ&nd@é&dordnﬁ &yTaﬁpmma#nezomam Heir®, sdmplls i nut es
conpared to the _hours i

t he f]
O e 2 o card B or ey 24 oLl A i R A5 B0 g 3o
sanpl e of i nter\mﬂ'tlnaltempiratw;e range of 22 to 46:°C. >Aftenthis preconditioning steps 10
Eﬁg?greg]”f?te db%yéa € BRodld Wﬂﬂﬁnﬁal 52 ﬁGur%dt%VrGlatﬁb?ﬁrg ongairae
| evel s are PherP @P@M{ﬁ" 3?'5 I@Q%Pf?%?%@4ﬁr§q§ q{% %gsgﬂ@dout er
shel | el ecdlsmtakerplacs withinthe iconfimasoofdbe constapt temperatune and nmidity
additional X-r photons are emtted by the el enents present in the
sanpl e. Each elenent 15 has distinct "fingerprint" energies for these

X-ray fluorescent transitions. The energy and thus the identity of the
el enent of interest Tie smmm&bsterma%eamaimamfrem'ﬁm:agm i's

ie o mifee ' IR, REE31701) P e PGB el
phot ons and t hudiseardingny preg eh Bvighttha Vﬂr"@?@rﬂb' i hﬂ@"EﬂnﬁB@ The
el ements from Sthdldmtalﬂé)oﬂﬂwrburrmwdnﬁpyﬁwsndd praduct, three sectisnsowitlp| e
rer:ate :nle(r:]? 2 are b Oﬁghsmlhﬁ\gt% stioafs H mikiply proautt dleYemovelant¥et thifle
bench-top. For single-ply product, six sections with each containing two
15 sheets of single-ply product are removed and set on the bench-top. Each
sample is then folded in half such that the crease is running along the cross
direction (CD) of the tissue sample. For the multi-ply product, make sure
one of the sides facing out is the same side facing out after the sample is
folded. In other words, do not tear the plies apart from one another and rub
20 test the 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.

25 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.

30

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

35  multi-ply finished product, only three pieces of the 2.5" X 8" cardboard will
be required. Ceriter and carefully place each of the cardboard pieces on
top of the three previously folded samples. Once again, make sure the 6"



and al um num The particular X-ray Fluorescence instrunent used in this 25
clay analysis is a Spectrace_5000 nade hy 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 from8%to 20% for exanple. 30 W";ﬁs
exact clay | evelWQps/3Me8se st andard paper sanples is determ ned PCTAUS

the nuffl e furnace ashing techni que descri bed above. A bl ank paper '
sanple is also included as one of the stand#ds. At |east 5 standards
bracketing the desired target clay | evel should be used to calibrate the

instrument. 35  dimension of ttﬁ‘%fa?&%rggs/ ﬁjﬁgg‘? paraliaIts Me Riachingdirettion Ne X-ray

tube is powered . 3
PCT/ USO6/ 04134 [MD) of each of the tissue sampies. 42 settings

of 13 kilovolts and 0.20 mllianps. The instrunment is also set up to

I ntegrate the detect eﬁoﬂ&%ﬂé&fﬂlﬁ m%%g %wemw n

t he clay,. Th aper. sa I's prepared irs? utting a, '
strip. This ’s °§F%%WM’HE§WM@@P %E;agdbogrém 'ﬁeﬂ‘!@'ﬂg-Yankee
si de faci ng out. obtainadfrems3Minc (3/4” pidecScotoh Bramd, St. Péaual, MM)p ICarefully and
held in place w bﬁasgmeommw%%gz@pu Bubb BAd SANB Aok i€ B Brtd the C2' ©
nust be taken to ke he sa ||n a? ,oﬁ top O saa?%e cup. The
Mot rument 15 1 RSk Bf e cardepard: Whle MeIntaIRG. S8 TGt i peberpnipde | 10
After calibrati npottd; tapesthis ssstinddge tothe batk of ths tardboard.n Repest thishe

i near- cali brlat i gmﬁr%a%gw&&n the conputer system s rrepdrr:tr y. This

| i near calibratibn curve 1s calculate clay levels in the unknowns.
To i nsure the X-ray Fluorescence systemis stable and working

p][ opelr(l y, a . CheCH‘uﬁ'ﬁBWélr%d_éh dapmmaﬁa fapecthalcpols difectioh edgblof heer y set
OoT unkKknowns. (S [ n
i naccurate resul #gf%aﬁ%&?g%\? Wf?ﬁﬂﬁﬁpg%ﬁe(?@%ﬁb@“@) , the
instrument is sugpatacttnetissue papeewhile the ethephalfis adhering te the-eardbearded.
For every papsr - Repeabthi®pchigrd fof Bacls bPthe @aftipies. IF theissueaaimple BFbdaks,
unknown sanpl es g, deSBdlont traysd &t ‘arly e Blithgtha" LAkt S kisTanile' ©
preparation procedure, discard and make up a new sample with a new
tissue sample strip.

20 If working with muiti-ply converted product, there will now be 3
samples on the cardboard. For single-ply finished product, there will now
be 3 off-Yankee side out samples on cardboard and 3 Yankee side out
samples on cardboard.

25 EELT PREPARATION:

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
parallel to the short dimension and down 1.125" from the top and bottom

30 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

35 dimension of the cardboard on this scored side of the cardboard.



taken for these 3 sanples. If the clay application procedure is suspected
or intentionally set up to vary the clay content in either the cross
direction (CD) or machine direction (MD) of the paper, nore sanples
shoul d be neasured in these CD and MD directions. 25 E.

Measur enent of Ti ssue Paper Lint The amount of |int generated
froma tissue VOAUHSESI s det er i ned with a Sutherland Rub P& 3 s
tester uses a notor to rub a weighted 30 felt 5 times over the statlonary
toilet tissue. The Hunter Color L value is45 nmeasured before and after
the rub test. The difference betmeen t hese two Hunter Col or L val ues

i's calculated as |intGyt the six prodde-&f ival ntfrom New Ehglanhd! O

tgg/eg,llggg rub t eséasrl&i ggbe Bl%a%%lreeelmarliﬁgl mg&fo‘ﬁ asmenls%ns of 2.25" X

PCT/ US96/ 04134 8.5" X 0.0625." Place the felt on top of the unscored, greetsside of thene

condi tioned accqigdy ‘-‘Hﬁdﬁ éﬂ?gg are
precondi ti on d for rﬁ%ﬂ%tg@i a&?/-%qﬁ m_d| ty’ieve %at 0 35% and
o Chin s t anor Raekandda aljgrment. Make pure the Ty die ohine o)t B8RP ng
st ep, sanplAlso aliwlaibobbﬂﬁb tudowmaag thetopZandibottom aiost edges.of the

forrlc y#ﬁffﬂ% i %'ﬁ@ﬁ!f{!“““"b'wg?"baﬁ%‘f'éfémﬁ“"@ﬁ‘ssﬁoﬁ?wes of

t he constant te Prepare a tota},

Sut her |l and Rub lnewfelmdboarﬂluombmmsom Testing Machines, 10 Inc.
(Am tyville, 10NY 11701). The t| ssue is first prepared by renoving and

di scardi ng any product which ht have been abraded in handling, e.g. on
the outside of the rcﬁqueﬁbfe ucibility, al samplessheulsthe fun with the sameilolns
with each cofiféli mwanislwmearsoeéemﬁsmn‘emﬁh léLiot offelt becomesd and

contai ni ng two (oMEiREL deniptid Jn ey ﬁgw E@%S#%Mkiaﬁwﬁ# Lot on ¢ he
bench-t op. Each obtainedsagpaection detmemined fortthetnew lohof telte - i s
running al ong t fuatsmﬁa the comréctiondatior, dbitbih dfeprésontativelsingla Tidbde sampld e
_ multi-ply product nteres? amfenough feit to make up 24 cardboard/felt samples for the

new and oid lots.

As described below and before any rubbing has taken place, obtain
20 Hunter L readings for each of the 24 cardboard/felt samples of the new and
old lots of felt. Calculate the averages for both the 24 cardboard/felt
samples of the oid lot and the 24 cardboard/felt samples of the new lot.

Next, rub test the 24 cardboard/feit boards of the new ot and the 24

25 cardboard/felt boards of the old lot as described below. Make sure the
same tissue lot 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

30 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) iong. 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

35 the comner of the sample. Continue to mark the samples consecutively up to
48 such that the last sample to the far right is numbered 48.



one of the sides facing out is the same side facing out after the sanple is
folded. In other words, do not _tear the plies apart from one apother and

rub 20 test the sides facing one another on the inside of the product. For
t he singl e-ply product, make up 3 sanples wth the of f-Yankee side out

and 3 wi th the Yankee side out. Keep track of which sanple ee
si de out anORBES are of f - Yankee side out. 25 Obt ipffugnﬁgﬁlﬁx
40" piece of Crescent #300 cardboard from Cordage Inc. (800 E. Ross
Road, Cincinnati, Chio, 45217). Using a papéf cutter, cut out six

pi eces of cardboard of dinensions of 2.5" X 6". Puncture two hol es

7 2, 1 o1 s s iy et o S 1
fini shed product, "B@ﬁ?'afﬁ%?'ﬁi?%f‘ﬁ? pid tejt., Qrderthe @?&ﬁ%‘reﬁ 9%*”’5& 6"

car dboard pi eces laweasbto hiphestc Qrder thecavenrunyberetl samples from jowestdo Make
sure the 6" di nengjghBsOfNéWEM

: \ ; 3 e intinibeér for ach TefWith 'a letter Y.
e eresaon oo B8 Sy g
Wil be requirr this alfamating ‘20C patten. | Ysepthecy™ samiples fot irankee site aut!
pi €ces on toﬁn@nﬂ%’%@?@g@?@%ﬁbﬂw Oir-Yarkeé Bt ahliiySesiIpbry- MBke

the 6"
Eg/eusgg/ 04134  Ply product, there are now a total of 24 samples for the new lot of felt andl. 15 on

of the cardboard the oldiot ofdelhaOftHis 24} twelvecarsdolyankedisidecoutdint analysishdid of
each of the tissu wfg 3 ida It one edge of the exposed
portion of tigésuquanp er%gfrxaonﬁeﬁess ealc':%angmi)s? t he cardboard. Secure this
edge to the cardboard w th ‘adhesi ve tape obtained from3MiInc. (3/4"
wi de Scotch Brand, St.Riband médsurédthecHuntey Color L vaivesfor ail 24(sarmples of the

hangi i | gl | f th
cardboard. “whi o S ReHRcABETbtiok? fecord 12 Feibel oifs Hupter TBibr § | 1°
tape this second ¥akjesfortheoldieltc Ayeraga-the l2values) Reeqrdihe 13ioff-yankee

procedure for1gackidedmiter Color L values for thBLsid félt cAverage the 12 valuesd Subtract: he

the_adhestve ¢ apo b mihraee itia ue. RSl B Cortrd. 1yeRBing ih the SifindG | "
i s adhering to thbubterdalerlireading for the yankee side rubbed sambles. This is the
delta average difference for the yankee side sampies. Subtract the average
initial un-rubbed Hunter Color L felt reading from the average Hunter Color
20 L reading for the off-yankee side rubbed sambles. This is the delta average
difference for the off-yankee side samples. Caiculate the sum of the deita
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 felt. If there is a current felt correction factor for the old
25 felt, add it to the uncorrected fint value for the old felt. This value is the
corrected Lint Value for the old feit.

Rub and measure the Hunter Color L values for all 24 samples of the

new felt as described below. Record the 12 yankee side Hunter Color L

30 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 sambles. This
is the delta average difference for the yankee side samples. Subtract the

35 average initial un~rubbed Hunter Color L feit reading from the average
Hunter Color L reading for the off-yankee side rubbed sambles. This is the
delta average difference for the off-yankee side samples. Calculate the



15 Repeat this procedure for each of the sanples. If the tissue sanple

breaks, tears, or becones frayed at any tine during the course of this
sanpl e - preparation procedure, discard and nake up a new sanple with a
new ti ssue sanple strip. 20 If working with nmulti-ply converted

product, there will now be 3 sanpl es on the cardboard. Fo i;géh%gjgilsgl y
finished produMO9%63k&8e will now be 3 of f-Yankee side out

cardboard and 3 Yankee side out sanpl es on cardboard. 25 FELT
PREPARATI ON: btain a 30" X 487 piece of Crescent #300
car dboard from Cordage Inc. (800 E. Ross Road. Cincinnati, Oni o

35217)- US'”]QS Bl!)rvz F{%dm‘e tforsthé yahR6ESide’ arkPihéenad

i mensions o nes ar

di mensi on and d@N@Tage; av% %m%?%ﬁ%&m?‘m&ag f)ﬁgt'%
white side of t ltihe uncolivected linGzalaé fdrithe mewfelti he | ength of the line
with a razor blade using a straight edge as a guide. Score it to a

dept h about hal f way through t he thickness of the I;le This scori

al | ows the cdrdboar d/fekeithe difierence batwegnthe 0?"'34493 '@&m*fi’mﬁﬁﬁﬁﬁ of
t he Sut her | gngicth@uincberatied linbvalve Jor thermew feitn Thigydifferericeds thefelthe | ong
35 dinension ofc&galgﬁ;ﬂ&%pw'&&m{ ed side of the cardboard.
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Cut the six pieces ofadditythig folt.corfection factorctoithie unodrréctedlintbvalte gorethd

.5 X 00628 » o teﬁwy'ﬂrrff‘eﬂrwﬁé'ﬁ?%ﬁédhﬁ&@ Lo ROk e

cardboard such that the |ong edges of both the felt and cardboard are 5

parallel and in ali gw%améfg}p%;fruéeddrbesBbpriédftoawdqmphsswp:wuwmmcn ng
. Al | b d f
the  car doocamPian duy oy tie,pli e ap d%%"r?angem{vg%& ?é@t%?is‘ ont o the

‘backsi de of the mdumumutsnda;wersafrtawheap@ teplede As nojed abgve.si x of
these felt/cgy ;ﬁ: qﬁn@é%:wdsuchmtﬁ& afivePsarpleii®i | i ty,
all sanpl es shou e run V\AH Qobvi ously, there
are occasi ons ingd dor becones

ARE OF HT:

20
The four pound weight has four square inches of effective contact

area providing a contact pressure of one pound per square 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

25 supplied by the manufacturer (Brown inc., Mechanical Services
Department, Kalamazoo, MI). These pads must be replaced if they become
hard, abraded or chipped off.

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

ER INSTRUME LIBRATION:
35 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” position. When the tester arm is in its position closest to the user,



conpletely depleted. In those cases where a new |l ot of felt nust be
obt ai ned, a correction factor should be determ.ned for the new | ot of felt.
To 15 determine the correction factor, obtain a representative single

~tissue sanple of interest, and enough felt to make up 24

. cardboard/felt sanples for the new and ol d | ots. P 5@4

- descri bed bel oweas&i3168% or e any rubbi ng has taken place, obtain EHU nter
readi ngs for each of the 24 cardboard/felt sanples of the new and ol d

lots of felt. Calculate the averages for b#8h the 24 cardboard/felt
sanples of the old |ot and the 24 cardboard/felt sanpl es of the new | ot

Next, rub test t ds@é '?Qn?:']ﬁro%
db df/felt th Iﬂflgswet n&u W t
sane tissue | ot %m ewﬁaewmgmmqﬁ@\ o s egos; g g Snd

new lots. In addOhemkeasralsim and tomplateforward amdrqveeseomotiomof thie t he
cardboard/ ti ssuewagpip e BH tofmae IQBB o@&&ﬁ&"b&%&gp&ﬁtﬁn Sa oI d
ex

| ot of fel osed to as re tative as, possl a tissue
sanpl e. For 39 WR%S&'G?  baginning gﬂ'l?cﬁfl‘i/ *ABI8SYY any product which

m ght have been damaged or abraded. Next, obtain 48 strips of tissue
each two usabl e un|t Fﬁﬁ ﬁfﬁm ﬁaﬁ%"i?ﬁﬂﬁ tint WO
usabl e unit strlgdon trega*‘e %"a enc tH%fa asetS of the
48 sanples on th 4'&9"-&"3%’%@‘@ ¢ardboard samplegs d eﬁﬁm“@t Rf ar
left with the nunheésbihpleswmbhmréaubraMreofmélmimtmumnmtbbhe

The | ast sanl e s R sbifishRRY B AP R hiainiiBe. © 0 0510cs ™™
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‘Use the 24 odd nunberpidcs 8 clfibrafion tiSsue satnpie!dn the bass platd of ttester by

nunber ed sanpl es_for t f

| owest to hlrrghesﬂ'ppﬁ%&% ﬁ%mbﬁ%ﬁﬁ %rotngg'%wg{ﬁ S@@éﬁad‘g%m

hi ghest. Now, napiRsprevans e sampletfeam mavingduringthe\testh Glip the calibration \ar k
5 the next hlghedeWrd\sahipléMoltﬁéwmo@ndvmgﬁmmawmbmsawpl es

out it ansyectna g el dr B waif. Mafe sing v Bdioardiel | 77 ' °°

anal yses. For 1-combination ignestiog flat against the weight, Hopk this weightontothe es f or
the new | ot of fﬂsﬁer%?ﬁ'l and geﬁ %Iﬁéﬂtﬂecﬁssﬁé shiple underhBath thé welgitifete ar e
for yankee side gt halibn. tRe erd of 1 waight &s8btTo 16 ofdreick Ml Be e || !
20 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
25 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 felt 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
30 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 feit covered
weight closest to the operator is situated over the cardboard at the both the
start and end of the test.
35
During the actual testing of samples, monitor and observe the stroke
count and the starting and stopping point of the felt covered weight.



Rub and measure the Hunter Color L values for all 24 sanples of the

old felt as described bel ow. Record the 12 yankee side Hunter Color |
values for the old felt. Average the 12 values. Record the 12 off-yankee 15
side Hunter Color L values for the old felt. Average the 12 val ues.

Subt ract the average initial un-rubbed Hunter Color L fe'%‘gf'ﬁ%gjg‘”%‘
fromthe aver a@®9631653Hunt er Col or L reading for the yankee si €

. sanbles. This is the delta average difference for the yankee side
“sanpl es. Subtract the average initial4%un-rubbed Hunter Color L felt
reading fromthe average Hunter Color 20 L reading for the off-yankee side

r ubbed sanbl es er age difference for the
of f - yankee si deR-sgg?rp €es. &Ea?c%%aﬂ{he sum of the delta aver age

di fference for the yankee-side and the delta average difference for

t he of f-yankee LJ A .This is the uncorrected lint
value for the o oo A elt correction factor for
the old 25 feIt add |t to the uncorrected lint value for the old felt

yl]ibs Vg' ue ig theh Adl.BPﬂ'fdilq'Pﬁigr bbl&lﬂiﬂér%ﬁcé Melt?r*Er tHerblaek nd whltﬁ

and neasure fhe ues r_a S . L he

new felt as deséﬁ%ﬁeﬁﬁ@%@m&"ﬁ?%“f?@‘é!ﬁﬁ@é‘“!\%&éﬁﬁ%%f‘gr L 30
val ues for the manuaboftheinstrumentt msqmmmamumnmmdufqrrs@ammwmee

3 de Hunter Col Qelllas thlo\ily Blor Stiilftg bhéc i thisWias ABFbidiPddie Haring

Subtract the avera e hr}r' un- rH Hunt er, Col or Elt re ﬂgﬂdfromthe
aver age Hunter r'fbaﬂf oR. }9&?&'9919&'&9!%}{% %'gﬁg Thi s

is the del taOaveumﬁstddiﬁchessaryfor t he yankee side sanples. Subtract the
35 average initial un- rubbed Hunter Color L felt reading fromthe average

Hunter Color L reading for the off ti/ankee si de rubbed sanbuleg This is the
del ta average differ ElRc® thgwhitestan Wﬁ'ﬁ@@@néhﬁéag'?ﬁ?t@g.e pEthest e the
WO 96/ 31653 instrument port. Release the sample stage and allow the sample plate to

PCT/ US96/ 04134 47 sum of
the delta average '8. ergr?ta:teh%hgrsammggﬁkee side and the delta aver age
difference 18r the of f-yankee side and divide this sumby 2. This is

the uncorrected |int Usitigthe™RsY", he-Xcand ‘®-Z" stahdardizing Kradbs, adjustithiel er ence

it val ue for Eﬁ%ﬁrﬁhﬁiﬁi&ﬁw@@ﬁ‘é‘wﬁd A on

factor for the whentbe "bY, "a%iand "b" push buttons are depressed in tum

20 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

25  white plate from under the instrument port of the Hunter color instrument.
Center a feit 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.

30 Since the felt width is only slightly larger than the viewing area
diameter, make sure the felt completely covers the viewing area. After
corifirming complete 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.

35 if a D25D2A head is in use, lower the felt covered cardboard and
plate, rotate the felt covered cardboard 90 degrees so the arrow points to
the right side of the meter. Next, release the sample stage and check once



Adding this felt correction factor to the uncorrected lint value for the 10
new felt should be identical to the corrected Lint Value for the old felt.

The sanme type procedure is applied to two-ply tissue product with 24
sanples run for the old felt and 24 run for the new felt. But, only the

consuner used outside |layers of the plies are rub tested. As nat

15 make sure t WO%BMPBes are prepared such that a represent atlgfgg@g%&/g‘ls
obtained for the old and new felts. CARE OF 4 POUND WEI GHT: 20

The four pound wei ght has four square inch8@ of effective contact area

provi ding a contact pressure of one pound per square inch. Since the
contact pressur emeftoInakd sivette Viewing arei isvonipletelyccovehdtbwitiv fgis nount ed
on the face of t s 25
SUppl 1 ed by ¢ e MERESEAN L gl @W%@%Mﬁe@%@w%w
Depar t nent, Kal aunik door the)D2502M unit.Abe recorded valueis the-Hunter Calor Lvajuee
hard, abraded or F&ftha ﬂﬁbﬂiﬂheadwherearotated Ie?éadlﬁg lbsﬁsoi'é'&r&&lgﬁé st
be p05|t|oned5t Lﬁh thﬁt ”L)%ads 'ﬁg are n th lil\egortlél %&e full weight of
the wei ght . ofqs Ly F%'st ayarage of the RUB
TESTER | NSTRUMENT CALI BRATI ON: The Sut herland Rub Tester nust
frlegfterbgycﬁl)i/ﬂlgt ed Flﬂéﬁtug?%é‘ﬂﬁmer ColorLFVélﬁésférlﬂllrbf%W” and Fﬁg
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Loster:s SYieh 8 hdifier ediof | vais!drhot Withirl e 0.5 6h, difcaithdaeS | 1 Okes
b th tt
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repeat the Hunter Color L measurement until all samples are within 0.3
units of one another.

15 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 hold-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

20 the cardboard side contacting the pads of the weight. Make sure the
cardboard/ffelt combination is resting flat against the weight. Hook this
weight onto the tester arm and gently place the tissue sample undermneath
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

25 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
30 position of the felt covered weight in relation to the sample. If the end of the
felt covered weight toward the operator is over cardboard, the tester is
operating properly. if the end of the feit covered weight toward the operator
is over sample, disregard this measurement and recalibrate as directed
above in the Sutherland Rub Tester Calibration section.
35
Remove the weight with the felt covered cardboard. Inspect the
tissue sample. If torn, discard the feit and tissue and start over. If the



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.
5 “The operator at the, beginning and at the end of each test.

Prepare a tissue paper on cardboard sanpl e as descri bed above. In
addition, prepare a felt on cardboard sanple as descri bed abo§ﬁ5“%%ﬂh¢y

t heSe sanpl es WPDI9/31$83 used for calibration of the instrunent ot
be 10 wused in the acquisition of data for the actual sanples.

Place this calibration tissue sanple on t%t base plate of the tester by
slipping the holes in the board over the hol d-down pins. The hol d- down

pins_prevent th&sgaea 1 s0RiakR Yﬁg:ldmémdo%ré@&rdb&rumqu\swbigmation

15 felt/cardb va@ppou{ﬁeﬂé\ggg g#ﬁ‘@%%oargﬂglt

si de cont PHB'"P
conbi nati on i s desttibed abbve faglaa blank féits. vﬂeg:brd theibluntarGCalomk regdingsifas t he

tester arm and AR TP Bl red AN Hrter Oior i villid ©1 L
~conbi nati on. Thtgsre@!jﬁ%& "%%ﬁﬁ closest to the operator nust be over 20
"the cardboarsd deralh WM?e and not the tissue sanple itself. The

felt must rest flat on the tissue sanple and nust be in 100% cont act

with the tissu r "push”
but t on. Wéﬁ&gcou %vé’%%%sﬁ I?&)sbt '?%f:;rﬂﬂl erve and
make a 25 rrent%ﬂ“ﬁﬁﬂeséfeﬂﬂe“@eﬁﬁﬁ'mg 955;!"?!2 felt
covered wei ght tom, limg) ambabnmshvummwe If the total nunber of

strokes is {d ve and if the end of the felt covered weight closest to
the operatot is over the cardboard of the tissue sanple at the
begi nni ng and cGALCULATIONG:st, the tester is calibrated and ready to

use. If the total nunber of strokes is not five or if 30 the end of the
felt covered meight | osest e.qQ t,0 paper
ti ssue sanple either Q’P"PW@ tb@é’tpﬁﬂ"ﬁ%ﬁfﬂ% %ﬂ‘@f‘%ﬁé‘%é}'&gﬁ’ég@%ﬂ lf h|
calibration proreadingfoundifor thesnusedfeltsfeon each ofithermeastired values fo
C?Vte[]ed oot 113 ‘Aebm%nﬁbgiﬁtatvdrﬁeb bme%m'mé Q?mbl‘a Récal AIPER-PIY baocmu db?ﬁr d
-a e Do e star an esS rrng e
actual testing Wil Qnlypyb.one ﬁ@%‘?@?’ BARe m&‘%aﬂﬁ Hofplues wil IBE:Jount and
the starting ancbtaineddfonthemuli-piy praduet.i Averagetbe threaselia L values and WO
96/ 31653 res It is termed the
PCT/ US96/ 04134 subtract the felt factor from this final average. This final u i
lint for the fabric side of the 2-ply product.
20
For the single-ply product where both Yankee side and off-Yankee
side measurements are obtained, subtract the average initial L reading
found for the unused feits from each of the three Yankee side L readings
and each of the three off-Yankee side L readings. Calculate the average
25 delta for the three Yankee side values. Calculate the average deita for the
three fabric side values. Subtract the felt factor from each of these
averages. The final results are termed a lint for the fabric side and a lint for
the Yankee side of the single-ply product. By taking the average of these
two values, an ultimate lint is obtained for the entire single-ply product.
30
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 35% and within a temperature range of 22 to 40 °C. After this
preconditioning step, samples should be conditioned for 24 hours ata



Recal i brate when necessary. HUNTER COLOR METER CALI BRATI ON: 5

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 stability check for standardi zation
as . well as the daily color stability check if this has not_been done
during the WaBIE yht hours. In addition, the zero refl ect BAHESH{§434 0

checked and 10 readjusted if necessary. Pl ace the white
standard plate on the sanple stage under t&2 i nstrunment port. Rel ease
the sanple stage and allow the sanple plate to be rai sed beneath the
sanple port. 15 : bt ' iy i Aarsr e p rdi zi ng
knobs, adj ust threelatlye huln'hxsiﬁ hﬁ#eﬂngb %%%rag'g'M%ag?éﬁgﬁug‘é \Xﬁﬁ?éog?%@§€al ues
of "L", "a", and%“-b" when the "L", "a", and "b" push buttons are
depressed in turn. 20 MEASUREMENT OF SAMPLES: The first step

in the nmeasurenent of4Li ' I f
the black felt/car db&gﬁ%%f’é@‘ﬁ%ﬁgﬁ%&% Wﬁﬁ!‘@d’%‘r’]&%ﬂh 8. oi et
ti ssue. The f3 r sgonfines of g copstanhtamnperatues and bumidityraem. ifthisisNar d 25
white plate fronfegsitie, allsampies, indlidihg ke Cortfold, lshotld d:perient@identicalr unent

col or meter,  on Vel WbsiredodiuehE. “Lleate (he campl e stage
allowing the felt covered cardboard to be raised under the sanple port. 30
e L1e [ Pt et e e sdponins v e
confirm hg nzﬁpl '@t‘satc%?)sgpggé ,in @gg'?@ g"%%*%ﬁ%ﬁ“ﬁ”#@ﬁdgg ﬁm FPP%'%Ft he
readi ng to st abi TechnicakPublication434; published by thel Areenican Seciety frorJesting uni t .
late, rotate thadqeels 1908 Bndincoipieiielibréity referendy Saress . St
![Dhe i ght side o?vqm@t"wa? ?eq?lggélg'glg ‘f’l'é%ﬁ%ﬁﬂ'@ggf aﬁgq; . cﬁeck once
Difference Test. The method employs a standard external to the test
15 material itself. For tactile perceived softness two samples are presented
such that the subject cannot see the samples, and the subject is required to
choose one of them on the basis of tactile softness. The result of the test is
reported in what is referred to as Panel Score Unit (PSU). With respect to
softness testing to obtain the softness data reported herein in PSU, a
20 number of softness panel tests are performed. In each test ten practiced
softness judges are asked to rate the relative softness of three sets of
paired samples. The pairs of samples are judged one pair at a time by
each judge: one sampie of each pair being designated X and the other Y.
Briefly, each X sample is graded against its paired Y sample as follows:

25 1. a grade of plus one is given if X is judged to may be a little softer
than Y, and a grade of minus one is given if Y is judged to may be a
little 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
30 surely be a little softer than X;

3. a grade of plus three is given to X if it is judged to be a jot
softer than _

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

35 4. a grade of plus four is given to X if it is judged to be a whole
lot softer
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make sure the viewing area is conpletely covered with felt. Depr ess
the L push button. Read and record this value to the nearest 0 1 unit.

For  the D25D2M unit, the recorded value is the Hunter Col or mg"m“
For ' the D25D2AWRMBIHere a rot at ed sanple reading is also rec -
Hunter Color L value is the average of th wo recorded val ues.

Measure the Hunter Color L values for all the felt covered

cardboards using this technique. If the Hunter Color L values are all
within 0. 3 uni trtanoY andaagrandnfnninualceisumnaif/\!risanged tobba wholee
initial L reading. ‘?‘Hﬁ unter Color L values are not within the 0.3
units, discard those t/ cardboard conbi nations outside the limt.
Prepare new sanpl es and repeat the Hunter Col or L measurenent until

all sanpl es are wi t hiThe@rédes are averageddndthe rasultdnt valuelis in units of PSUL he

measur enent of éﬁu%oﬂg?gﬁécp a pl ace

the tissue sgrrpEm carc!gﬁéol npination an'tggalfﬂofone p&%ﬁ#ﬁ y@&%th

tester by sli pph’fﬂ!‘ ‘?’P%%P'QEPQ"HSH‘@%“‘ sqmmemraaa%mk ordered ns. The

Pﬁl d- dFWB plt ns acmrdhmtbhheasgrades by pairedostatistical analgs |sh%rhbﬁsa~.ertanknsglzg
e calibration \

t he cardboard S|’:§ﬂ ta%{ t%ﬁ%%@@%%@%ﬁ%&#@ 5;‘

car dboard/ felt ewnﬁmm] |%3W§t emem-bagasmatdnem::gq sampiss t hi s

}Aﬁ' ght om ;3130 P?therﬂﬁm plosopminusVilles as taemtﬁédtt%ysmluﬁram? | at[l
e weig e 0S e_oper at or

nust be over thg&%g% h#%ggqggﬁee&?ﬂgg{?e ﬁﬁrﬁﬁ"bg%n?f lég'm‘acgarrpl e

25 itsel f. Theandpgveraged is such thatabout Q.2 PSU represenispl swmﬁeanhdﬁerasce n

100% cont airf subjédlivelyperiaived sommésace. Next, activate the
tester by depressing the "push" button. At the end of the five strokes

the tester wll autorratlcally stop. Note the stopping 30 position of the
felt covered wei in relation to the sanple. If the end of the felt

covered wei bht VMFG‘QWEWQ'QE#G“%%VBFUQMM the tester is

operating properly. If the end of the felt covered weight toward the
oper at or i s oveThe pedent opbdtyagmetsurédsusmgatcd BDR-9000R! | brate as

di ted 35
Rla:rg\b;eet he wei gﬁ mrd%kﬁ'ﬂﬁa'ﬁ F&Eatgvereéwa Eﬁ@%ﬁ g%%#%%&@kﬂﬁér%%#&ﬂ tissue
sample. If torn€ "@IMBA‘(QF tm the ingtrument to wanmup fordwo houes. If the system

' has gone into standby mode, press any key on the key pad and allow the

20 instrument 30 minutes of additional warm-up time.

Standardize the instrument using the biack 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 DPS000
25 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-9000 must also be zeroed according the instructions given in
30 the DP-9000 instrument manual. Press the setup key to get into the setup -
mode. Define the following parameters:

UF filter: OUT
Display: ABSOLUTE

35 Read Interval: SINGLE
Sample ID: ON or OFF
Average: OFF
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sanple is intact, renove the felt 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 Col or L readings for
the felt after WMMWHES3 Rub, neasure, and record the Hunter Col RfTYSI6U14s

5 for all remaining sanples. After all tissues have been
nmeasured, renove and discard all felt. S4Felts strips are not used
agai n. Cardboards are used until they are bent, torn, linp, or no
| onger have a sritatisticsurSKiPe. 10 CALCULATI ONS: Det er mi ne
the delta L val Ubslob8caleb™®¥&'ti ng the average initial L readi ng found

for the unused fColosindermSKMRh of the neasured values for the 15

of f - Yankee and olseBDifforéisce Séalehginpl e. Recall, multi-ply-ply product

will only ruls oncoist Diferénde MdeRPSKIP Thus, three delta L values will be

obt ai ned for thesife Ratd! gkip cduct. Average the three delta L val ues and

subtract the feI%ﬂga@ B d é*lpal average. This final result is
strv

termed the P40 Lé ric side of the 2-ply product. 20
uct
a

For the singl e- Qi ere both Yankee side and of f- Yankee si de
maasurementa ar t the average initial L reading
found for t 8 u ach of the three Yankee side L readings

=~ side L readings. Calculate the average 25
delta for the t Hég e values. Calculate the average delta for the
three fabric si FINCRT tract the felt factor fromeach of these
‘averages. The final results are terned a lint for the fabric side and a

lint for the Ya [ | pgl [ e
aver age of tl ese r&ﬁ%ﬁ\}g Sglfgrkﬁei# gﬁr@ml"ﬁ{ 89%‘[%‘3%351‘%&{%43
entire singl e- plapddheifiumpinantset to D. Rlacethesone-plysample pa the white t ness of
Ti ss:Je PapeL S uncalibrated tile. TheaWhite calibraied tile caif 4186 de used! imﬂgreﬂ'h? papﬁrd
sanples to be t . i1 rding. | t ho
#T4020M 88. Her gi},&ﬂ, and §'!ﬂrﬁ€§i°§? g‘%ﬁé@%ﬁﬁ%ﬁﬂ%@r%ﬁ%ﬂ?aﬂ%&%
relative humdity level of 10 to 35 35%and within a tenperature range of
22 to 40 [ern] C. Aft eloweliise sample ahddile. Withowb ratatirig e sanpie itselr,shoul d be
conditioned for rgfo)8'the white file 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

\

B-OE< O

and each of the

readings.
25
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
multiplied by 100 to obtain the percent opacity value.
30 _ 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 formuia to convert opacity % into specific
opacity % is as follows:

Specific Opacity = (1 - (Opacity/ 100)(1/Basis Weight)y x 400,

35 where the specific opacity unit is per cent for each g/m2, opacity is in units
of per cent, and basis weight is in units of g/m2.

Specific opacity should be reported to 0.01%.
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humi dity of 48 to 52% and within a tenperature range of 22 to 24

[err] C. | deal |y, the softness panel testing should take place
within the 5 confines of a constant tenperature and humdity room Lf_ this
I S not f eNO 36530l | sanpl es, including the controls, shoBFHUS96/04134
experience identical envi ronnment al exposure conditions. '
Softness testing is perforned as a pairedS8onparison in a formsinilar 10
to that described in "Manual on Sensory Testing Methods", ASTM Speci al

Techni cal Publ i gaindis gtgpgqh Ti érean Society For Testing
and Materials 1@63‘anaﬂ?§.‘|’ﬁ(§grpor egﬁhegr%'n Ee reference. Softness is

eval uated by sUBRYCEENSI ﬂ; $ng what is referred to as a Paired
D fference Test™ a standard external to the test 15
material itself. For_tacti]le perceived softness two sanpl es, are presented

such that the subj ecthe:i@nste thiisdeterpined on.ene inch vade strips of sa ired
E(r)\ t tC_hoc:!se weing afTHwingrAdtsert inteleosit s}gaﬁdamn‘bhéib 'F?tenﬂms ing-Adbert sul( tP 58;
e test .is | .
Wth respect to!ns,{r&'?'gégﬁghé@g&@ yﬁﬁl"ﬁé i‘?bﬁéﬁo{%lé]rﬁ?%ﬁe%%&sgﬂgp gm Ptgported
herein in PSU, igintended fasusesnn finishedpaperpredustsJeel sameples and ned. I n each

test ten practigssbnverted stdck®ess j udges are asked to rate the relative
softness of three sets of paired sanples. The pairs of sanples are

j udged one gai rSAMPLE CONDIYIONI P TION:sanpl e of each pair being
designated X an e ot ner Y. rrerly, eac sanpl e is graded agai nst
its paired Y sanple as follows: 25 1. a grade of plus one.is given if
X is judged to may lﬁnqtpitgrps\fll\@tggtmgg,ihepapersa ies {.bet teiﬁlgplﬁd ade of
{n'hnusxone I s gi corditidned according toi TappirMsthod #74020M-88. All plastictand ?jq{arer
an X; ; [ 0
Core oo SO0k et ot B iy o e
given i f Y 1% jtamelespgosto testing. Ihe papersamples shpuldke canditonad fer at
3. fa graﬂe of pleast 2 hoars ata wiative Humidity bf 48 to 52% argiowithin atemperature
softer than : aX is
Fldged to be a 0ge of 2210 2. S gnBRTmbaBH ok Ufedepuybrifl risid, <
grade of plus flesling sheyidaisa take place withip the,genfinessf the gongtante
temperature and humidity room.
20

For finished product, discard any damaged product. Next, remove
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. Identify sheets 1 and 3 for machine direction tensile

25 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 separate
stocks. Make sure stacks 1 and 3 are still identified for machine direction

30 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
35 strips for cross direction tensile testing. For these finished product
samples, all eight 1" wide strips are five usable units (also termed sheets)
thick.
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than Y, and a grade of m nus 470s given if Y i's Judged to be a whole

| ot softer than X The grades are averaged and the resultant
value is in units of PSU 5 The resulting data are considered the r Ia*s
of one panel te¥O%X6Fpre t han one sanple pair is eval uat%"?sﬁgﬁﬂ I
sanpl e pairs are rank ordered accordlgég to their grades by paired
statistical analysis. Then, the rank is shifted up or down in val ue as

required to give a zero PSU val ue to whi ch ever sanple is chosen to be

t he zero-base standarfq,ru@ Wat KB Isél?t sh&)ﬁ% pg %"W

val ues as determ ngﬂeﬁ% ect to the zero
base standar d. ieg, thick-from a regj P‘PB? the samgﬁ @R RBRY | s
such that about duttdr REXC+letl esmca-az withrsafety shieldifroimcThewing-Albert i n

bj I
subj ectivel Y Perifgirifignfb. 1060 Dunéd Rod, M rm%@acwfwkesw@ ssue

Paper s re or quest
DP-9000  Sspee WG Funkparalieliia e éwsﬁ@e 160 while e et e of
t he processor  paralistdoths cross direction.  Make sore thetsamﬂmis conditionedfor &tor t wo

hours. |If the sy ey t he
key pad and all o'\évéﬁr?eh%gs *Q%Fmvsmﬁg@ m agﬁﬁna%ﬂé%}?yup tinme.
St andar di ze t he Tange ofigeie 2 GSCH& ample preparationand gl aspects of the tensile ~ \pike
sure the standartésﬁﬁgsmmldilsdaahaplauéhﬁﬂﬁmﬁttmﬁaeeoﬂttmmhmg to the

i nstructi ons; i a‘ﬁn‘dfgaté{bg%@ ﬁ@qﬂ@t i on section of the DP9000 25

i nstrument nanu DP- 9000, press the CAL key on the-
processor and follow the Erorrpts as shovvn on the screen. You are then

pronpted to read the ispracenditienadht5'\ay 1% sample which is 8 plies thickheut

DP- 9000 nust al sraubgnasrwav?amrtﬁem& T'Gdlhi%ﬁkfoﬂ%hﬁﬁé paraiRfto the30 the
DP- 9000 i nstrunent _.man ‘Be set uBIeseQé i nt.o the setup

mode. Define t hé“?ﬂ?'ﬂ%ﬁﬁfj‘ Oie thpss sam ctiife dirgction rés! &r
15 unconverted stock samples Cut an additional four strips 1" by 7" with the

long 7" dimension running parellel to the cross direction. Note these
samples as cross direction reel or unconverted stock samples. Make sure
all 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,

20 Philadelphia, PA, 19154). There are now a total of eight samples: four 1"
by 7" sirips which are 8 plies thick with the 7" dimension running paraliei to
the machine direction and four 1" by 7" strips which are 8 plies thick with
the 7" dimension running parallel to the cross direction. ’

25 P T E R:

For the actual measurement of the tensile strength, use a Thwing-
Albert Intelect Il Standard Tensile Tester (Thwing-Albert instrument Co.,
10960 Dutton Rd., Philadelphia, PA, 19154). Insert the flat face clamps into
30 the unit and calibrate the tester according to the instructions given in the
operation manual of the Thwing-Albert intelect Il. 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".
35 :
A load cell is selected such that the predicted tensile resuit for the
sample to be tested lies between 25% and 75% of the range in use. For
example, a 5000 gram load cell may be used for samples with a predicted
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- Statistics: SKIP Col or Scal e: XYZ Col or I ndex: SKIP Col or
- Difference Scale: SKIP 5 Color Difference |Index: SKIP in: SKI P
- CMC Conmer ci al WRR6B#83 Sk p bserver: 10 degrees | 1 1°'Um nant 10
ML 2nd illum nant: SKIP . St andar d: V\Ué | NG Target Val ues: SKIP
Tol erances: SKIP 15 Confirmthe cOlfor scale is set to XYZ, the

observer set to 10 degrees, and the illumnant set to D. Place the one
ply sanple on thasidrdrge of 1250 grams{25%-sf grarhsfand 8750 gram® (Z8% ®fti | e

ool e port ancoopq Biatie. The seqsisHir Sadibd be Sor it 1Rb0S Wi

tile. Wthout r%ﬁaﬁwfﬂﬂﬂoﬁﬁpﬂéuﬁhﬂ'lﬂtﬁampfeswﬂ'&mﬂteﬂﬁﬂ ﬂ2$e and

replace with thﬂ-ﬁg@@ﬁg@hsm“tme t he sanpl e and bl ack gl ass
and determ Y val ue. Make sure the 1-ply ti ssue sanple is not
rot at ed betmeen the white tile and bl ack gl ass readi ngs. 25

The percent opacity Takeeneaof thedensile strips agd placerons enduef it incone elasgiofg
on the bl ack glmhgldiaete\‘ mmmﬁmmhé%abbi’ﬁnﬂmﬁdmbﬁad@then

mul tiplied by 1ﬁlgke Rure {h%' lgnﬁ Glmg ion 3* th%ps?ﬁﬂ) tsy ru\ﬁﬁm'é parallel to the sides of
the tensile tester. Also make sure the strips are not overhanging to the
10 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
15 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
20 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 resst condition is not performed automatically by the
25 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
30 of the clamps while performing the test.

A Tl

For the four machine direction 1" wide finished product strips, sum
35 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 of recorded tensiles by the number of usable units per tensile strip.



30 For the purposes of this specification, the neasure of opacity is
converted into a "specific_opacity", which, in effect, corrects the opacity

for - variations in basis weight. The forrmula to convert opacity %into
specific opacity %is as follows: Specific Opacity = (1 -
(Opacity/ 100) (1/Basis Wight)) X 100, 35 where the specific t
is per cent forWORMEIEAn2 opacity is in units of per cent’, @?M‘g&
weight is in units of g/n2. %ecific opacity shoul d be
reported to 0.01% WO 96/ 316
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Measur enent of Jhisisdanmaily five fordotmpgiyand 2-ply PRAUTENS| LE STRENGTH:
The tensile strength is determ ned on one i nch w de strips of sanple 5

using a Thwi ng-Al ber{, Intelect 1l Standard Tensil e, Test ThW| - Al bert
| nstrunent Co., 1096 %P!%‘F‘Fﬁl I R‘ég@ﬁ § dirpation; '3'33 $4P$0
I s i ntended for use on flnlshed paper products, reel sanples, and
unconverted gtocks. séh@ Ali{ﬁ. @Eh

Prior totenS|Ietest|n er&slaagrl etest ou Hebe

condi ti oned accGaFtRN t’g"'rél‘ﬂﬁ? \ensilergadingss ; Divide this s
board packagi ng byﬂhe number oﬁstnpbtastod eThisinumbersheoldinormaliy be foure rAlSd

sanples prior t ﬁe@ P}E@ for -at

| east 2 hours at% rgd%hﬂ ﬁumg {é 4?%“3 ﬁg%uﬁgﬁlﬁlt}#ng vrrperature
range of 22 to ﬂ‘& R, Thigipremallyaight: i on and al | aspects of the tensile
testing shoadbd al so take place wthin the confines of the constant

tenperature and hum ggbya{ M Ral@flation for the cross direction unconverted or reel
sample paper strips.

All results are in units of grams/inch.
15
For purposes of this specification, the tensile strength should be
converted into a “specific total 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.

20 EXAMPLES

The following examples are cffered 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

25 scope thereof. The present invention is bounded only by the appended
claims.

EXAMPLE1

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

First, 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
35 headbox of the Fourdrinier.

in order to impart a temporary wet strength to the finished product, a



For finished product, discard any damaged product. Next, renove 5

strips of four usable units (also terned sheets) and stack aone on tgp.to .
t he- other to forma long stack with the perforations between the

sheet s coincident. Identify sheets 1 and 3 for machi ne direction
tensile 25 neasurenents and sheets 2 and 4 for cross di rectiog S50l
measur ements. MNO963165%t t hrough the perforation line using a p cutter
(JDC-1 -10 or JDC-1-12 with safety shield_from Thw ng- Al bert |nstrunent
Co., 10960 Dutton Road, Phil adel phia, PA, 5?9154) to make 4 separate

stocks. Make sure stacks 1 and 3 are still identified for machine direction

B e RS e trmatere, 0 e et o
it two 1+ i deadiiedBine NSK Sobk pite a4 tate Sutjoenkix daiber 15 Ca 0D ., .
are now f 01000 baseton the dry weightofthe NSKifibars: The absogition afdbei ng and
f 1" wide 3 ' i1k aobi ' ' Bk

i shed. pr oducemporar et dfreAbfiBefY s Sfhefied B pasding B tklen shim) 1208

units (al so X erRERYGhARINgINe mixer. j i WO 96/ 31653
PCT/ US96/ 04134

For unconverted stoc °a’ﬂ§9‘osJ“%5“"§‘&?9pY'52 ,Wh(':tﬁtwaéerlgg'aboo)" g9525,§ s?ggsb'ﬁe ney
which is 8 plicatthefaxpemPm a region of interest of the sanple using a
paper cutter (JDC-1-10 or JDC:1-1 ith safety shield from.

Thwi ng- Al ber t Aredunm sty of auciptiss s dabott 3 b welBhis,
19154) . Make sumade tip using d 8onventionalrepplpesl | el to the machine direction
while the other runs parallet to the cross direction. Make sure the

sanpl e i s cléhdit i onckhe encalyptus is passed through @ stoek pipete @RPIhEE fanIRUAP: y of

48 to 52% and Wyhére'it is dikxtebwith White water toaésnhsistercy dfcabdlit D2%] C. Sanpl e
preparation and all aspects of the tensile testing should al so take

place within the corfrienslurries ofINSKK and eacalyptiss are directediinte aumiitiruni di ty
room manngféaﬁééﬂb%x&hﬁiﬂgfﬁng%&?%ﬂﬁn&FévééW intdindRel S 8
f r fsQBFWI thith

plies thick, cut

our s S on ' rensi on
runni ng par al | eHreams ﬁgslejparagqglggﬂw Wﬂt?q&e‘@\ﬁl!ggg’ °§5¢ﬂﬂ'%rs"l"5%_
machi ne di rect i Athreeathambetéd haadtwoxis used. Theaucalyphusssiurryeontaining!80% onal

four strips 1" Spthd dry @hft the ultimafd Saplr i§ tifecad 1 chafibérsdeadingo el Lo
the cross directiogn. te t esia s,ial (ﬁ lgs Cross H'ecﬁbﬁn tﬁgl or
unconvert ed sto%ﬂ%%f # dwo opiar layars,vhile the NSK slurry comprising 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
20 combined at the discharge of the headbox into a composite slurry.

The composite slurry is discharged onto the traveling Fourdrinier wire
and is dewatered assisted by a defiector 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
25 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%.

30 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



all previous cuts are nmade using a paper cutter (JDC-1-10 or JDC-1-12 with
safety shield from Thw ng- Al bert Instrunment Co., 10960 Dutton Road, 20

Phi | 'adel phia, PA, 19154). There are now a total of eight sanples: four 1"
by 7" strips which are 8 plies thick with the 7" dinension running parallel
to - t he machine direction and four 1" by 7" strips which arge | i
thick with WQW/316531i nensi on running parallel to the cross ‘Eﬁ'?‘é@?‘i‘“@ﬁ‘
25 OPERATI ON OF TENSI LE TESTER For the actual measurenent of
the tensile strength, use a Thw ng- MBert Intelect Il Standard

Tensil e Tester (ThW| ng Al bert Instrunment Co. 10960 Dutton Rd.

Phi | adel phi a, Phpg S?ﬁéa‘diﬁl me&wsﬂamatbmevaﬂkedmfd&lt and
e ""éF& Adhesia. sice hase o1 EndibioPr o iadtet, o

operati on nmanual® (ﬁ‘mﬁ?\

crosshead speed to 4.

I nches. Thepbreak ser}lg‘lgt |t.J\/a(ir sﬁ@ﬂfﬁ&g‘g@éfg@%é@gﬂ%%*&%%@%

wi dt h shoul d be cfeped ffom the' Qﬁ*ﬂem@%dﬂﬁpé ledeckness at 0. 025"

A load cell is selec h.that the predi cted ten result for the
sampl e to betested h%@séqf’g? Q%H %ﬁ%f’f?‘?@irﬂgﬂf@rﬁﬁ fadis £,
exanpl e, a 5000 Mmmwwmwp the Yaokee dmerm&ammampncbmﬁ ed

WO 96/ 31653 about 81 degrees.
PCT/ US96/ 04134 57 tensile

range of 1250 grans W/peréerﬂmmeam)stembSﬁcﬁm@%byopéﬁlingftheYankwoo

grans). The tensj

The 5000 gr am 1 S yer o etk 808 ol et BB drbabBut 268 s pROMirReE), |
grans to 37590gr (Mﬂ'%@@ldﬂwbﬂéift@fd in rollataspead of 68 &pp (20 Meters peEnsi | e
strips and pl acanipugesind of it in one clanp of the tensile tester.

Pl ace the other end of the paper strip in the other clanp. Make sure
the | ong di nensi on ofTheweb is cgnvierted imtoiathremiayst, singlerplycreped pattemmed .

the tensile test | FS600PKR2 g“;@-,tothe 10
ei t her side of tdhﬂgstlf\i’,\ﬂncﬂiks n@ﬁfgﬁgggﬁ%ﬁrﬂw?ﬁgﬁ&essure gfaggach otf t he
clanps nmust be in full contact with the paper sanple. Af ter

inserting thg pm!ﬂggstrip into the two clanps, the instrunment

This Example illustrates preparation of a filled tissue paper exhibiting
one embodiment of the present invention based upon the use of cationic
flocculant.

20 An aqueous siurry of eucalyptus fibers of about 3% by weight is
made up using a conventional repulper. The eucalyptus is passed through
a refiner where its freeness is decreased from about 640 CSF to about 600
CSF. It then is carried through a stock pipe toward the papermachine.

The particulate filler is kaolin clay, grade WW Fil SD®, made by Dry

25 Branch Kaolin of Dry Branch, GA. lt is first made down to an aqueous slurry
by mixing it with water to a consistency of about 1% solids. It is then carried
through a stock pipe where it is mixed with a cationic starch, RediBOND
5327®, which is delivered as a 1% dispersion in water, RediBOND 5327®
is a pre-dispersed form of waxy maize corn starch a rate equivalent to about

30 0.5% based on the amount of solid weight of the starch per solid weight of

‘the filler. The adsorption of the cationic starch is promoted by passing the

mixture through an in line mixer. This forms an agglomerated suspension of
filler particles.

The agglomerated suspension of filler particles is then mixed into the



tension can be nonitored. If it shows a value of 5 grans or nore, the 15
sanple 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

sl ack. Start the tensile tester as described in the tensile
tester instrunent manual . The test is conplete after theg(élgg gm
automatical ly wWet9eBHS3to 20 its initial starting position. Re ecord
"the tensile load in units of grans fromthe instrunent scale or the
digital panel neter to the nearest ubit . |f the reset
condition is not perforned automatically by the 25 instrunent, performthe

necessary adj UshgRpkie%ahfying 8 refid LiBilyp tesﬁmanametfmaumm Bitial

starti ng pOSItI ons

descri bed abovedilited whmtwtehet \t"@ '%&Bf %&a t‘? 8 @Pslfxmm of aMfgfa?ﬁ
tensil e readi ng9.2f% based on tHecweightof mesolldfillemamtles ainddutalyptusfibers.

edge 30 of 1 ne ity mi%%%&f'*oi‘ "ﬁ%“*‘?"s‘%' *5""*‘°?§;£&;%$’*‘t e

For the fours na%m#ﬁ@@!m@ﬁﬂh@ﬁ eteh -|ﬂ1¢a§|‘?§!9 m 35 the
four indivi dual mixaarer sterrate sorrésponding ©00:067% based ion the soliddweight of the
nunber of strip, ?@ﬁﬂl 'mq;ber should normal |y be four. Also divide

t he sum of reco Ib&g} ens pé he nunber of usable units per tensile
strip. ﬁéé’dsﬁﬁﬁ of NSK of about 3% consistency is made up usin

PCT/ US96/ 04134 M@aa Y stock cytg\%ard P ThIgS i's
normal |y five fﬁ@ﬁﬁ?ﬂp@abw"%ﬂ"@mf’w&‘@a pipe B8oeat this
cal cul at i on1@ or headboxrafthe Hourdriniern fi ni shed product stri ps. 5 For
t he unconverted stock or reel sanples cut in the machine di rectlon

sum the four indivi dierdeetodmpart a tamparary, welstrangth tg the finishedprodust, a
the number of sY% diepéreitrest Nelional StarEr CosBONDXHO00@ IS praphed and s Al so

divide th |

tensi e strip. JRoed FORANSKSREK sice it a ks sltiEivri S g 196 d‘*"ﬁg;‘““er

cal cul ation for 109@@3&9% opithe dry waightetihe NSK fibers. (the 3b5°"Pf'°n the
15 temporary wet strength resin is enhanced by passing the treated slurry

through an in-line mixer.

The NSK slurry is diluted with Whlte water to about 0.2% consnstency
at the fan pump. After the fan pump, RETEN 1232®, a cationic flocculant is
added at a rate corresponding to 0.067% based on the dry weight of the

20 NSKfiber.

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 combined eucalyptus and

25 particulate filler slurry contain sufficient solids flow to achieve 80% of the
dry weight of the ultimate paper. This combined slurry 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
uitimate paper is directed to a chamber leading to a layer between the two

30 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 wire
and is dewatered assisted by a deflector and vacuum boxes.

35 The embryonic wet web is transferred from the Fourdrinier wire, at a



sanpl e paper strips. Al'l results are in units of grans/inch.
15 For purposes of this specification, the tensile strength

shoul d be converted Tnto a "specific total tensile strength" defined
as the sumof the tensile strength neasured in the machi ne and cross

machi ne directions, di vided by the basis weight, and corre '
units to a val OBt ers. 20 Pg"?%%ﬁtES

The foll ow ng exanples are offered to illustrate the practice of the
present invention. These exanples are int@ded to aid in the description of
t he present invention, but, in no way, should be interpreted as limting

the 25 scope t rﬁ:@hsis@?ﬁy 159% 4B {He (Bint oF tRiNeNICH Pphtterhd! he

appended clarms. | E 30 This.ca ative anpl e
illustrates a riomBingfakric of a=r-s thtsagin Wﬂ"ﬂ&&ﬂﬁ%‘ﬁ'éﬁ?’ﬁ&*\"ﬁﬁ%&ﬁﬁ?‘@?of t he
present i nvent i directibhiahdWecress-machine-diradtionsnonafiiaments peeinch| | owi ng st eps:
First, an aqueo %@ AMickieRrpaonsi stency i s made up

using a convent#%ﬁ%tﬁ:gg? an ?é%passeg%t(%?ough a stock pipe toward the
35 headbox 9f the Reyriérideiwdtering is accomplishéd by vacuurh assisteardraimagenpor ar y

wet strength to t finpshed Qro . ' WO 96/ 31653
PCT/ US96/ 04134 unth?hewe ?\asafiber ?\lete?\cyof about 28%. 59 1%

di spersi on of Nat | onahotdihaihirpinichiact VARG phithhed 16RTAG it

added to the NSK st i te f | . 1% Coz BOND
1000[ err] bgsedpﬂfﬁrgﬂﬁ ngﬂﬁﬁﬁégyeaﬂrﬁgw&ﬁbé?g.'e gﬁéﬁt&m n of the

tenporary wet sabeut®2% byweights enhanced by passing the treated slurry 5
through an in-line mxer. . The NSK slurry is diluted with white
wat er to abbtit 0. 2% Dhmsemi-dryoveb is then adhereditn the surface of a Yankee dny@r oqueous

slurry of eucal yithéSsprayed Erepingtdutiesivé’comprisiigd 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.

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

The doctor blade has a beve! angle of about 20 degrees and is
positioned with respect to the Yankee dryer to provide an impact angle of
about 76 degrees.

The percent crepe is adjusted to about 18% by operating the Yankee
20 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.
25

EXAMPLE 3

This Example illustrates preparatioh of a filled tissue paper exhibiting
30 a second embodiment of the present invention based upon the use of
anionic flocculant.

An aqueous slurry of eucalyptus fibers of about 3% by weight is
made up using a conventional repulper. It thenis carried through a stock
pipe toward the paper machine.



made up using a conventional repul per. 10 The eucal yptus is passed

t hrough a stock pipe to another fan_punp where it is diluted with
white water to a consistency of about 0.2% The slurries of NSK
and eucal yptus are directed into a nmulti- channel ed headbox suitably
equipped with |ayering | eaves to maintain the streans as separate

| ayers until di%WeR6@WS3 onto a traveling Fourdrinier wire. 15 70S96/04134

t hr ee- chanber ed headbox is used. The eucal yptus slurry contai ning 80%
of the dry weight of the ultimte paper i $3irected to chanbers leading to
each- of the two outer layers, while the NSK slurry conprising 20%of t he

dry wei ght of t h e gto a
RPN X it - M
slurries are site
slurry. by mixingdt withaaterito adonsistericy of iaboltt Wesblids! (t is tveri carviedi ng

Four di
poxes o™ r“‘m%ga&%jeﬁ%@éiﬁw Wiyl BghC fiorEfadt RETENYacLUm
Fourdr i ni er §i r 835%; which is defivered as.eQ:1% dispersion innwater.1BETEN 2989 jsoi nt of
transfer, to a pohveyedest a%teéqmmmtfoaéudmoccissebiséaed,amtammme

f h
conf gur at1 on 1 gKideikhe B kzyey an] SPi3fin B alont Bt royitant crenan,
about 36 % knuckissuepregiuct. The adsorption-of thedlocaulantispromgtedsbypassing thehed by
vacuum assi st ed nﬁitarélna@ugh an infliié midere THRIYORAS aonditRhe8 ShirhpéEmliey Of

about 28% %) e remaining in contact with the patterned formng
fabric, the paf)‘!ﬂﬁserned web is pre-dried by air bl ovv-through to a fiber

consistency of is
t hen adhered to the sur%gge O@%ﬁﬁg&yzgamdes tsthgﬁ?mﬁ %@gbl ng
adhesi ve conpri RIRGCATYING theorefined gusalyplusifiogrs apd the final mixture 'S\A!? 31653

PCT/ US96/ 04134 with a cationic starch RedlBOND 53209, which is delivere@@s a 1% pol yvi nyl

fate o 0. 19 SE?@&Q’SWE@@?@SS#% oG pdgha STy iR starcn 21 @
The fiber céhsi gnd mqﬁngheﬂsmwgmt gbtrweaulmwemﬂdrsguem is dry
creped from t he Abgbiption\df the Gatitiid StardH i@dMmproved by passiitfthddesdltanit! ade has a

bevel angle of ahag ERodiPET TR1G8 Hpleh., The rebiiunt bUAT s thér afiisd Gk  © e

Yankee dryer to
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

20 pump carrying the combination of agglomerated filler particles and
eucalyptus fibers, Microform 2321, a cationic flocculant is added to the
mixture at a rate corresponding to 0.05% based on the solids weight of the
filler and eucalyptus fiber.

_ An aqueous slurry of NSK of about 3% consistency is made up using
25 aconventional 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 National Starch Co-BOND 1000® is prepared and is
added to the NSK stock pipe at a rate sufficient to deliver 1% Co-BOND
30 1000® 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, Microform 2321, a cationic flocculant
35 is added at a rate corresponding to 0.05% based on the dry weight of the
NSK fiber.



about 81 degrees. The percent crepe is adjusted to about 18% by
operating the Yankee _dryer at about 800 fpm (feet per .mnute) (about
244  meters per mnute), 10 while the dry web is fornmed into roll at a

speed of 656 fpm (201 neters per m nut es) . The web is
converted into a three-layer, single-ply creped patterned nSif
‘tissue paper pr¥8d68168% about 18 I'b per 3000 ft2 basis weight. P%@%LE
2 This Exanple illustrates preparation of a filled tissue
paper exhi biting one enbodi nent of t fé present invention based upon
the use of cationic flocculant. 20 An aqueous slurry of

eucal YItO_t us ri ber SI OfTﬁé’_?_lrfﬁTié"s’Veml 'SK/andlBuchlyptus are tiréctedrintosa Multk .
conventional re el . e eucal S 1S e er
where its freenggiﬁqﬁeﬁgﬂ?mnﬁ'&%%m#a@%%ft&gﬁgm "@Bgﬁthg CSF.
It then is carr streamé essgparate layers yntjl dischargeiontn @ travelingronrdrinier wire.
ghe pﬁr }<i CF! at epfmmmégﬁﬂﬂdﬁﬁ%’uﬁﬂﬁ%e\%gﬁigﬂﬁlﬁmsﬁhde by ley 25
ranch Kaolip o ranc firs e, do 0 slurr
by m xi ng e Pﬂ'?!ﬁélag?ﬁ{']?[ @"%WQF?F@?W&PB%HEWH%ﬁ?G@ githe gy, o Y
carried  thweight ofthet uitiivate paperiisdicected ta chambersieading te sachaf thest ar ch,
Redi BOND 5327 S‘i"@‘* layefd: Vil the NEK Hahy Comprising OGO solIge oW 82 2rch &
rate equival ent 8ejexe a0 %d%%@i@@émi{im{gm{s éirggﬁéf?ia\fbmﬁf?‘of
the starch per tesding toca lgyer bétween the hwo Bucalyptus tayers.dThe pSIoandf t he

i oni {orch i " _ ) deg
mixern Thi s or sucaip@EsHied ke Gribinbd abthe dischdfod oF 4y eHdbe iy 0 11 e
The aggl oner at e&o@%ﬁ‘@lglﬂﬂﬂ- of filler particles is then mixed into the

WD 96/ 31653

PCT/ US96/ 04134 : te ofi ; inierswiré K
pi pe carrying the r_eFP%é’S"‘gﬂ'E"é?%‘{'Hs's 1 Berrgegr?gt? hhee tﬁVﬁélpEﬁo)l(xﬁﬂnelei S
diluted with whind isdewatesad assisted by:a deflectorand NacuumPoxes nsi stency of
about @5 2% based on the weight of the solid filler particles and

eucal yptus fibers.  ipg embryonic wet web is transferred from the Fourdrinier wire, ata
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,
20 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%.

25 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
. 30  with a sprayed creping adhesive comprising a 0.125% aqueous solution of
polyvinyi 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.

The fiber consistency is increased to about 6% before the web is dry
35 creped from the Yankee with a doctor blade.

The doctor blade has a bevel angle of about 20 degrees and is
positioned with respect to the Yankee dryer to provide an impact angle of



After the fan punp carrying the conbination of agglonerated filler
particles 5 and eucal yptus fibers, Reten 1232, a cationic_flocculant is
added to the " mxture at a rate corresponding to 0.067% based on the
solids weight of the filler and eucal yptus fiber. An

- aqueous slurry of NSK of about 3% consistency is made up usin

- conventional pWPPEPI6Akd i s passed through a stock pipe tomardgq(f:réu?ﬁ'ﬁu“
headbox of the Fourdrinier. I order to inpart a tenporary wet
strength to the finished product, a 1% di spersion of National Starch
Co- BOND 1000[err] is prepared and is added to the NSK stock pipe at a
rate suffici eniabbat 76 degresl % Co- BOND 1000[ err] based on the dry

wei ght of the NSKfibers. The absorption of the 15 tenporary wet strength

resin is enhanced by passing the treated slurr t hrough an_jn-1ine
mi xer. he pegre mwsiasl:mdjtoeebqsﬁﬂﬁwwmgemxaabw 0. 2%

Cat T o o 11 oo O e O C or BB dof 4 iorg ok bhsed
on the dry So JYiSne Bngwap 1€ e iuoo 3t & shBba SF BSE Hihfpd mirdls e (570

eucal yptus ar e minu®s).ed into a nulti- channel ed headbox suitably
equi pped with layering |leaves to maintain the streans as separate

Lt o charber SifEQZHE*%;B{%%@@&?WM%%@%%%‘ crgped paffemed

particul ate fi ldeasifieddissye papenproduct ofiabiouh 18 Hppe! gisyaight e 80% of

t he dngy wei ght of the ultinmate paper. This conbined slurry is directed
to chanbers | eading to each of the two outer layers, while the NSK
s|urry Corrp*ici ng suffi cignt —solide—flQit-a—a-ch-e ATIVANS bq dry
wei ght of the ul ti natwapelﬂampbﬂect ¢ Example 2 hanjExample® ng jto a

llayer between the lun 3eftél! INidhe ' aversiq3iae NSK anfhegpgcal ypt us
slurries are conmprheg—at—tne e <umeL ame e—teatox Tt o3
conposi te sl urry|Kaolin Retention THNAomositel|Zfurry is df8®arged orfto the
travel i ng Fourdr | {Owérallj %e and is dewqtered assisfed by a def]l ector
and vacuum boxes 39 Tne oni ¢ W D IS Trp erred frjomthe
Fourdrini er wire| apsiie Strength 40y 96/ 31§ gge 47

PCT/'US96/ 04134 | (9fin) 62 filber
consi stency of a%‘?ﬁﬁr@”t of traggser, to alpepterned

formng fabric of = - T f i 84 Taghi ne-
J Uitimate Lint 2 S 1 L & 4 R

Number
Softness score 0.0 +0.02 +0.01




direction and 76 cross-machi ne-direction nonofilaments per inch,

respectively, and about 36% knuckle area. 5 _ Further de-watering is
acconpl i shed by vacuum assi sted drai nage until the web has a fi ber
consi stency of about 28% Wiile remaining in contact with the
patterned formng fabric, the patterned web is pre-dried blya_air

bl owt hr ough t oWP%6/3%€83 consi st ency of about 62% by wei ghtPCHEH6/04134
The sem -dry web is then adhered to the surface of a Yankee dryer W th
a sprayed crepi ng adhesive conprising a ®6125% aqueous sol ution of

pol yvinyl al ngEﬁIMEQHSPQ adhesive is delivered to the Yankee surface
at a rate of 0.1% adhesive solids based on the dry wei ght of the web.

e 08T COf \Eafd e B5aA RL v04 BlPSrBaEEfaf) L.
a bevel angle of comprisesPapegnaking fibersiand a noncelulosio padiculate fillers saidk t o

the Yankee dryer figr ebmptisiRgom SRASISOM) Ihére Preferably #om'Bo%te 2080 bges .
The percent crepe Iisﬁbusigg t 0 about 18% by opera?i ng the Yan eg 20

dryer at about 80¥P S48 ninute) (about 244 neters per ninute),
while the dry web is forned into roll at a speed of 656 fpm (200 neters per

m nut es). . The filledtissuepaper efGlaim lavhergirosaid partisulate filler is selegled p| v

gggge ]git gaL terned f_ror?] tcldiglgélbmhedarbgﬁaueﬂaﬁgﬂi ditiifél! Eélc,‘ﬁlu:_il’\}?ﬂ#ﬁ siii&tb1b per
asi s wej . . y , anpl e

Il lustrates prepfﬁgﬁ'ﬁ"gr‘?’ (ﬁat% al"l"f"l"@ﬁﬁbgﬁeaﬁg‘fﬂ?d WBi P?%k;g@?"a second

embodi nent of t healgivmsuifate, glassinioraspberes, diatornaceous @anth, and mixturésoni c

fl occul ant . thereof. An aqueous slurry of eucal yptus fibers of about 3%
by weight is made up using a conventional repulper. It then is

carried thrayah andl Al tssue peBePSr AR b S WnBRATbaidTsBld Baper nasa . VO
PCT/ US96/ 04134  basis weight between 10 g/m2 and 50 g/m2, more preferably between 10
The particul ate fd/meind 30 idhvdCd adnsi?!b%iﬁem.'ﬁsl )l dtid 0.6 gBemiare Dr Y
Branch Kaolin of preYerEEI%r\)Ce Wegﬁobég}n%ah&%tz%@ own to an aqueous sl urry

4, The filled tissue paper of any of Claims 1 - 3 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.

5. The filled tissue paper of any of Claims 1 - 4 wherein said tissue paper
comprises at least two superposed layers, an inner layer and at {east one
outer layer contiguous with said inner layer, more preferably said tissue
paper comprises three superposed layers, an inner layer and two outer
layers, said inner layer being located between two said outer layers.

6. The filled tissue paper of Claim 5 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.

7. The filled tissue paper of any of Claims 4 - 6 wherein the softwood fibers
comprise northern softwood Kraft fibers and the hardwood fibers comprise
eucalyptus Kraft fibers.
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by mxing it with water to.-a consistency of about 1% solids. It is then
carried t hrough a stock pipe where it is_mxed with an anionic
floccurant, RETEN 5 235[err], which is delivered as a 0.1% di spersion in
wat er. RETEN 235[err] is conveyed at a rate equivalent to about 0.05%
based on a the anount of solid weight of the flocculant and_ fini Bgd
~dry wei ght of MW@MY t ant creped ti ssue product. The ad8 3??‘6’2 f
the flocculant is pronoted by passing the m xture through an in |line
m xer. This fornms a conditioned slurry of filler 10 particles.

The aggl onerated slurry of filler particles is then m xed into the stock
pi pe carrying the refined eucal yptus fibers and the final mxture is
treated with a cationic starch Red] ?C]\ID 5320[err], which is delivered
as a 1% di spersion in.water and at a rate of O. 5%based on the dry
wei ght of stg{ch .H:;) E&g t he finished dré ht of the resultant creped
ti ssue produ filled tisshe RAPes of ARy of H"Bﬁ c%WﬁP’Eﬂ'f‘F%‘ﬁHﬁﬂ!Mﬂ Wor

passi ng the resul iskaolinclay. m xture through an in line m xer. The resultant

slurry is then diluted with white water at the inlet of a fan punp to
a_consi stency. of 74 Alledgilie S of ClaimwhibictSaidKaoih cleflds 83 Bgﬂsiab#er
particles and euc r e fan u e

conbi nati on of ag?%ﬁ'ﬁ §l”é"8%ﬂﬁ"$é‘%§?‘f"i‘%?@§"ﬁ?ﬂ?‘ ﬁ"@%aﬁp% fibers

M crof orm 2321, adiemetes-greater than 0.Smictansmocaipreferably greater thart 10e at a
rate correspondi ngidreng). 05% based on the solids weight of the filler
and eucal yptus fi ber. An aqueous slurry of NSK of about 3%

i st d
Chrough . vt A8 "o e e fsdl daber 81 SRPHECISIGE §- bl Sl cransiftiesce
In order to inparPapRerispatierardensifiedpapenguch that zones d)frrelahvdlyﬂnghidemsstya
1% di spersi on of aleidispersedwithinia Rightdiiridi8 Ostiefdrably 's%lcri’i&i&rﬁd and is

1000[err] based Kﬁ‘%’»ﬁb@%@ﬁaﬁf %wpﬁﬁf%ﬁ%ﬁ&msh Bl el 5 ot of ¢ e

tenporary wet strength resin is enhanced by passing the treated slurry

t hrough an in-line mxer. The NSK slurry is diluted with white
wat er to about 0.2% consi stency at the fan punp. After the fan punp,
M crof orm 2321, a cationic flocculant 35 is added at a rate correspondi ng
to 0.05% based on the dry wei ght of the NSK fi ber. WO
96/ 31653
PCT/ US96/ 04134 64
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The slurries of NSK and eucal ypt us are di:;riéct“ed into a multi-
channel ed headbox suitably equi pped w:th layering |leaves to naintain the
streans as separate layers until discharge onto a traveling Fourdrinier

‘W re. A three-chanbered headbox is used. The conbi ned eucal yptus and 5
particulate filler containing sufficient solids flow to achieve 80% of the
dry wei ghtWeP6/31683 |l ti mat e paper is directed to chanbers PERUSHPIY
each of the two outer layers, while the NSK slurry conprising
sufficient solids flow to achi eve 20% of the dry weight of the
ultimate paper is directed to a chambed/3 |l eading to a | ayer between the
two eucal yptus layers. The NSK and 10 eucal ypLus slsEEmes are &nbi ned at
t he di scharge of the headbox into a conpoe - The

conposite slurry is discharged onto the travel T ng i r wire © and

is dewatered assisted by a deflector and vaguynfd ; =~ The
embryoni c wet web is transferred fromthe Feuflr at a fiber
consi stency of about 15% at the point of trak ter nedw

formng fabric of a 5-shed, satin weave confi oy (ﬁ'./ ng_ 84 mechi ne-

direction and 76 cross-nmachi ne-di [ECTTO pTTof | wprer i nchHg 20
respectively, and about 36% knu e area NP FUrthg e-wat eri ng
i s acconplished by vacuum agsgf Sy e web has a fiber
consi stency of about 28% 5 i ni act with the
patterned fornmng fabric, the Spgiterned web is pres=dN efl by air

‘bl ow-through to a fiber consisteng v@ght.
The sem -dry web is then adhered {o (ft nkee dryer 30 with
a sprayed creping adhesive conprisin@ a 0. 125% aqueous jsol uti on of

pol yvi nyl al cohol. The creping adhesiNe .is delivered t$ the Yankee surface
at a rate of 0.1% adhesive s@i ds{bas¥y the dry weyght of the web.
The fiber consistency i ©incregased to 96% bef gf'e the web is dry 35

The doctor bl ade
ene® with respect

creped fromthe Yankee t h a\doctor bl N
has a bevel angle of abolt 20 {eg
to the Yankee dryergto pr o‘ et

Fig. |

80




WO 96/ 31653  PCT/ US96/ 04134

65 about 76 degrees. The percent_crepe is adjusted to about
18%’by operating the Yankee dryer at about 800 fpm (feet per mnute)
(about 244 nmeters per mnute), 5 while the dry web is forned into roll at
a speed of 656 f n1$200 neters per m nut es) . The web is
‘converted into YOPHPEEY | ayer, single-ply creped patterned FERTSPIUYE4

ti ssue paper product of about 18 I b per 3000 ft2 basis weight. 10

Exampl e 1 Exampl e 2 Exampl e 3 Kaolin content % None

13.3 16.0 Kaol i n Retenzfﬁn NA 74 88.6
(Overall) % Tensile Strength 400 396 407
Specific Qpacity % 5.23 5.84 5.90 Utinmate Lint

7.0 6.9 7.0 Number Sof t ness score 0.0
+0. 02, +0. 01 WD 96/ 31653

PCT/ US96/ 04134 66 WHAT | S CLAI MED
IS 1. A strong, soft and | ow dusting €%l 1ed, tissue paper characterized
inthat it conpri ses papermaking filgys and a non-cellul osic
particulate filler, said filler conpgising from5%to 50% nore

preferably from8%to 20% by The filled
ti ssue paper i f
fromclay, calciumcarbonate, titaniumdioxide, talc, alumnumsilicate,
calciumsilicate, alumna trihydrate, activated carbon, pearl starch

calcium sul fate, glass m crospheres, - di at omaceous earth, and m xtures

~weight of said tissue. 2.
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t hereof. 3. The filled tissue paper of Caiml or 2 wherein said tissue

paper _has a basi s weight between 10 g/nR2 _and 50 _g/ n2, nore_preferably
bet ween 10 g/nm2 and 30 g/n2, and a density between 0.03 g/n8 and 0.6
g/ n8, nore preferably between 0.05 g/nmB and 0.2 g/n8. 4. The

filled tissue paper of any of Claims 1 - 3 wherein said papernmaki ng
fibers conpri s&¥Q9PERY of hardwood fibers and softwood fi ber s PCEAIS/04134
har dwood fi bers conprising at | east 50% and said softwood fibers

conprising at |east 10% of said papermaking fibers. 5. The filled tissue
paper of any of Cains 1 - 4 wherein s3f3 tissue paper conprises at
| east two superposed | ayers, an inner |layer and at | east one out er

| ayer contiguous with said inner |ayer, nore preferably said tissue
paper conprises three superposed |ayers, an inner |layer and two outer

| ayers, said inner |ayer being |ocated between two said outer |ayers. 6.
The filled tissue paper of Caimb5 wherein said inner |ayer conprises

sof twood fibers having an average |l ength ggeater than at |l east 2.0 nm
and said outer |ayers conprise hardwood f%gers havi ng an average | ength

|l ess than 1.0 mm 7. The filled tissu aper of any of Clains 4 - 6
wherein the softwood fibers conprggiaPorthern sof twood Kraft fibers
and t he har gweed—+bers—conpri-se : yptus Kraft fibers.
PCT/ US96/ 04134 WD 96/ 31653 N7
8. The filled tissue paper of any of Clains 1 - 7 wherein said
particulate filler is kaolin clay. '
. | 2 |
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9. The filled tissue paper of C aim8 wherein ﬁMﬂi&iWﬂ clay Q049 1(- 8

conpri sed of hydrous alaym num silicate having an average equivalent
spheti cal - dianmeter greater than 0.5 microns, nore preferably greater
than 1.0 mcrons. 10. The filled tissue paper of any of '

9 wherein said creped tissue paper is pattern densified p3
that zones of rel PVEly high Mimwsﬂumgﬂsm@wmﬂm Wi t hi N
matopRs

bulk field, preferably said zones of

e Vel’l%N'rl]'iC%% density are
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