WO 96/ 33310

PCHUS96/03819 1

Soft creped tissue paper. FI ELD OF THE

| NVENTI ON This invention relates to. creped tissue paper products
and paper maki ng processes. Mre particularly, it relates to creped

ti ssue papeWO9%3338de by the dry creped process wherein an RGRHSIEPBE web i s
formed on a Fourdrinier, freed of excess water, adhesively secured
while in a sem -dry cohdition to a Yarkee dryer, and creped fromthe
Yankee after reaching an essentially dry condition. The creped tissue
paper products can be used for strong, soft paper products such as
toilet tissue and facial tissue products. BACKGROUND

OF THE | NVENTI ON S ftl erepedatiftssye ppapern.i ssue products are
wi dely used. Such itens are cormerci ally offered in formats tail ored

for a variety of uses such acial_tissues, toilet tissues and
kitchen roll towels. The format 5F|EFDe°F THE H&%E@TMght t hi ckness,
strength, sheet size, dispensing nmedium etc. of t hese products often

differ wdely, but they BlenldlKabY I0'ocRRMORssue PRIGP ol  hey

are usual |y produce he so-<cal 8
further I|i nked PEpermaking RrRSESEeH s MeEs Pé@!ﬁiiaé')/f r elgtes to greped ﬁ'ﬁi}’q BaREN e

I npression, . enadeby MSEry creped procesbaiiereimsan embhgricweblie feramRipém an

per cel ved b ¥e£ PR Weefof excelf Waler, 0By e Wil fh 3 it F o'
sensation is picendien toy Yankeersirver iapd aseped frogether Kankseyafler seaghiopant i es.
One of the nDsleskamte c@rﬁ&iﬁbﬁafrhéﬁ:%dﬁﬁ%e papef pratiuRts éah peLEBgssr i S

Phe pape! web SHGMG %*‘é#rﬁ%ﬁﬁ%%&%%ﬁ § 8 B i e et ©

usual |y considered to be directly dependent on the strength of the meb.

Strength is the ability of tRBACKGROUND OF THESINVENTION/ENt webs, to
mai ntai n physical integrity and to resist tearing, bursting, and shreddi ng

under use conditions.
Single-use 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 kitchen roll towels. The formats, i.e.
basis weight, thickness, strength, sheet size, dispensing medium, etc. of
these products often differ widely, but they are linked by the common
process by which they are usually produced, the so-called dry creping
process. They are further linked by the common consumer desire for a
pleasing tactile impression, i.e. softness.

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

Strength is the ability of the product, and its constituent webs, to
maintain physical integrity and to resist tearing, bursting, and shredding
under use conditions.
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Paper naki ng in general and specifically creped tissue paper

manufacture is an old art. As such, it has had many years to develop to
satisfy continuing consuner desires for nore and nore consunption at
greater a reater econony. This long history has permt ki n
machi nes '[kg 8%%‘ arger in size and faster in speed. The i(?gue@g’ﬁ%wsrgal egof
these processes now often limt the abiligy of the product designer to
effectively nmeet the before nentioned consunmer need for tactile inpression.

and product st rengt Fygrpﬁéth{g SﬁCbbﬁéfaﬂ nﬁnGSO%diffcalll ec@jeas tikede paperachi ne

capacity. Those skj din th e n | se nan
of t he fa@?BF %V\ﬁ s °E:b§7tt i \/seF c'bf?ﬁ% hégcr{'%h%;e | rrpftesdssﬁvgﬁo%o y
product tend satisfy @obtmtadgemmulyleafdeédeedO!byT‘@"Bz@%rmpra@QﬁsemFéPPyafs peed

of the paper R and gr@Hfér%SﬁbrﬂQ FFhiH?I%ﬁ§ hlstory has permittdie paeraiakimnd
devel opnent efforts I rected

f
sof t ness or at MAERERS %BFR‘%EWW in; ¥iee ap¢ ?%%gr n 5 T%%‘ 7 ag,%eegagig ofih
same time, conthesdi prgcessesnnowaeﬁem Hignip tioel lﬁhllitn nofc mcﬁr@;uc@fdemgner t°

paper maki ng “néfrfét:hvelly meet thﬁ before’ rﬁ@ht%ebsco%sﬂﬁéﬁﬁeéé foraBaeiimphdssion
conpacting paper he result, i.s angh,&crease

in basis wei gh#nq H%‘Cbﬁeﬂmpt””'tgpébfac&&"""g somq,\gﬂ efaing mpde;in MAciNiees i n
many physical gapaeiyt Those skilled autherary willresognize thatdhis is becdusetmanyrathi ne

direction. Gepl r}gf:io Ts, Qﬁ&ﬁﬁ% Sp%sﬂ&%”%#éc?ﬁb‘&lﬂrﬁﬁ}essmn of dnd broduzt ?erm ade, a

so-cal | ed doct or L ne

oper at i on. to be adverseWrﬁffﬁCﬁS’eBY §Z8and E@%ﬁ%‘?ﬂé}?pe?‘g&ﬁ&h%aa?ﬂ@%}%ent

crepe (the anognd creping proxesd)i ch the paper web is foreshortened in creping)

of the creped paper maki ng process allows the basis wei %ht of the web
e

traveling through Researeinans devalepmpnt efferti have hae diremed teward ther eased
wi t hout incr eaﬁr‘n;ﬂgvélhént of softnBSS b attebstithaintaihiRg the sﬁﬁtneyscqhanty wﬁ’l&par maki ng

general ly |ncr ases in ency | egi

t her ef ore, ¢ he fane aBmS t%orhg’éﬁigsr% IR&EP%%V ﬁ"ee p&(::tlro@ e hervm se
Iperm’t'éled by t papgrmakingsunitsd t he product. A Yankee dryer is a
arge di aneter, gengrally. 8-20 foot drum. 'ch s . i e
pressurized with st 'éﬁﬂ"?%‘sgﬂ B¢RaR Fa@ﬁ?tya‘@é“‘?acﬁmg pangi\éﬂ%%&%éjt he
dryi ng of papedimattiong Thebeesult is [aa |eereage in has@mntémaﬁg per unit aﬁ?@cﬂlﬁss The
baper web it el ad brahatlc” ChEbdy in nlably phyAfP properies) particulargrwherr . such

as a Fourdrinier

to disperse t hB"ePF’B'retSUE tae M'ﬂesg'geé%'EF‘a|qO’9m(‘PdﬁQPE?’FH}& 398‘5@5‘!5&‘*{’ %Ip,peeded
fabric in a soadrixibhe bjades 8 secallenndodien blade,- againstianYankee: orver &0 @A t her

by VOrshitabigeration.
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In creped paper technology, reducing the percent crepe (the amount
by which the paper web is foreshortened in creping) of the creped
papermaking process allows the basis weight of the web traveling through
the process up to the creping blade to be increased without increasing the
basis weight of the final product. Papermaking generally increases in
efficiency as basis weight is increased; therefore, it is desirable to use as
low percent crepe as otherwise permitted by the process and the product.

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
.. ' 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




2 Paper maki ng in general and specifically creped tissue paper :
manufacture is an old art. As such, it has had_many years to develop to
satisfy continuing consuner desires for nore and nore consunption at
greater and greater econony;: This long history has permtted papermaking
machi nes to grow larger in size and faster in speed. The size and scal e of
t hese procegses now often limt the ability of the product ' 0
effectivelya%EngPHe bef ore..nenti oned consuner need for tacti %ﬁ$ﬁ%?%ssion ‘
and product strength wi thout sacrificing soge of the gains made in machine -
capacity. Those skilled in the art wll recognize that this is because nmany

of the factors peiapmakingPasi general ahlicepetifically coreped cissuen pdperhe

product tend to be advers affe [ [ cul eed
of the paper makiMgnufacture aﬁf%?@p%ﬂg é? %E‘?j‘s'?*ag Haid %ﬂy%ra%eg&éggg%%gﬁg
devel oprment  ef f matisfyheortimieg atinsumes cdesifesr fortmere and mopg reopsumptionrat
softness or at |fhasfer BRUYraadr RdohbfyS OfHiS RSy K@y hids \permittedipapermakinge

same tine, contihuing to 1 ncrease the_pr ; [ .

paper maki ng uni trga:lchuqes fo grow large; g‘b?lﬁg q?\gb'f%#ggr%gg?& nté‘éﬁggﬂﬁ% g geale of
conpact i ng paperthese tptocesessi new often Uit dbei shilityrieé thespraduct desiangErtease
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so-cal | ed doct orcapasity, Thgse skilled irythekast will yagognizesthabihis is because many of
operati on. the factors Bﬁ&v & W't%ﬂﬁéﬁé&%&%q redsfs 6f tHe proRIuBEterRNt
g @i% tog i i

of “the creped 10 be pdyRradl S 30 il 565t b I rorst kR, of

travel i ng t hr ougdnd creping precpsaicess up to the creping blade to be increased

W t hout increasing the basis wei ght of_ the final ﬁro_duct. Pa errﬁaki ng
general |y increases iResearch and develpeinent effgetsshays gaen;diracird é@@%&;t e

theref or g, bi t LSinﬁﬁév'vérﬁbhteoftsbfﬁism at least mantaining thet saftreiss qr;mlimwrmbt_se
permtted by t r t Cta MErof S @
| ar ge di aneter, etggn%%ﬁ, ya@gzopﬁ%@fhﬁ@u?% M%‘FE%“FS the pm&cg@ﬁgﬁ:ggg@ybgf
pressurized wi t hPapermaking waityi de a hot surface for conpl eting the
dryi ng of papermaki ngawebs at_the en f .t . .
The paper web which i re}ﬂ"l’%ls?m %ﬁ%@ﬁ%ﬂ?%h@%ﬁ%ﬂﬁer n ‘“?F‘%@?ﬁ er,
such as a Four dr dineasionvi Thee resullris an incregsedpdoasis weight (prss penunitarea) as
Pegd_ed to di sper g8l tédse drarhatid thahgés in Irﬁaﬁ,grwyeibév phdpeitiés I paticilariy wivdri  or
b; rrein av\zoégyar@ggﬂgﬂ 2 3Re Pisching aiB&ich. “Crefhg Ie §éhdriiy g&t.én%ig edWillE" -
PCT/ US96/ 03819 a flexible blade, a so-called doctor blade, against a Yankee dryer in an on
machine operation.

In creped paper technology, reducing the percent crepe (the amount
by which the paper web is foreshortened in creping) of the creped
papermaking process allows the basis weight of the web traveling through
the process up to the creping blade to be increased without increasing the
basis weight of the final product. Papermaking generally increases in
efficiency as basis weight is increased; therefore, it is desirable to use as
low percent crepe as otherwise permitted by the process and the product.

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
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




mechani cal 'y conpacting the paper or by some other de-watering nethod

sueh—as—t hr ough—gr-yng—wth—hot —atr—before—fmattyberngtransferred in —

t.he sem -dry condition to the surface of the Yankee for the drying to
be conpl et ed. The wet web has a natural adhesion to the
Yankee dryer surface. One skilled in the art will recogni ze that the
adhesi on r e S3P0i mari |y from the action of the wat b1itid
coating on the Yankee, the coating conprising the soluble or residual
conponent s of the papernaking conposi ¥i on which build up on the dryer

surface with continued gperation. Oten . the adhesion achi.eved
of the seni-dr y%@&af‘t‘}aﬁhémmﬁﬁ@ the paper of Ry, SoMfPHEr Je-Wetering mehod g i s
i nsufficient. Tisech esuhtough-driyitg witle hot @ih defore finally heing transierredeiasthef

skipped crepe giskinlanP @@hdioAJ théPRP]CBNEE thd dyankee RH' tHY @AIAG B det Ne
operation is pl %gue etb | ow tension in the sheet causi ng weavi ng and

fluttering naki fficult to wwind a winkle-free roll neatly

enough to be uti i zeg L, SURSEHAR"S rdRifaR abRESioR T64RE Y4heRNuSRF shifice.
product into its finished form ) ose skilled 1nthe art wll
recogni ze that Qne skifed inuiheyan wilkraepgnizaghat the adhesian resuits, arimaribhirem t he

trfiv?I i ng se{n' - thie/ abtibnt of tthe Wa&kemAthhé d:uaftmgr en the wmate,urtnedcdmm th]ga
ol Ssture conten . W, - n o
the web surfacetc\%ﬁ'i)é'%ﬁgs\eﬁ%hé@gé@t St E%é'@%‘kégﬁ@ﬁ?‘?*é%e%%“e %‘J"E@%H"gul ar,
t he paper maki ng cpmpesitionmdrichbydlchdp pathe dryes sueace with saptinued eperation. 55
d i bed by Sanford gnd Si in U _.S. Patent 3,301, 746 i d
Janvary 31, 1967 andOTes. B aehgsBncacsipvad of dhe semaine wep fa.dho cYakes
descri bed shor t fekingifrom thisinaturaldtoatingris inBafficient 6 Tieaesult isathet thesprpdogteny

t | at i ' - :
raction of the omerietbfarels bf sERBE tropk Sivily bha Bk Bhipbttakcd S * °

“fraction of the n

) r . . , en
the natural adhP€igrmance gpd| &g, operatign s'§n%|PQH%‘§ tﬁ’uﬁ‘ﬂ densierdn the sheet, (e
addi ti on of adheausing weavirigcand fititteting diakingit difficuid te wénd: anwiitkle-free rmfided

to the paper nmaki ﬂ& 9@ | {4 | Qr ﬁm b b wre,
or they can be gggg)gg, Yy S p@a@él]ﬁgfiteﬁé%tsgﬁg e s&??'?g@ng?' H%ﬁ%a \Elxufegér(‘)vrenotrp e
the surface of PrRAUghKtRMS finishedform.  one exanple of a suppl enentary
adhesi on pronoter re nged . . far ding .to.t apgrmking .. .
conposi tion is provi gﬁﬁfgﬁﬁgl"ﬁéﬁ’e aﬁ_ w@ recg&mz%é?%ﬁlp&@&c%gh?;@gymg
wher ei n descr i hé&ufficient adaesion obtheciraysiing sepissisy web to the Yankeo @/ilbe oore
PCT/ US96/ ?_3819_ pronounced wheg the moisture co?tent °f3 the web tis lov?f Anotcli1er 20000 isf' ng
i ncorporating i a er or. paper Ssubsequ or,Ime into a
web of paper, art}&%_frggtﬁ)ﬁrbc cyek 8?&5?%8'55& 18] e&ﬂew. Yankee surface. /I
exanpl e of a coppdiculdrotherpapenmeking procassor apking patten dersified paper such
as described by Sanford and Sisson in U. S. Patent 3,301,746 issued on
January 31, 1967 and its progeny are particularly prone to the before-
described shortfall in natural adhesion. The '746 process and its progeny
create a relatively low moisture content web at transfer and only adhere a
fraction of the surface of the web to the Yankee dryer.

When the natural adhesion is too low, it is sometimes supplemented
with the addition of adhesion promoters. Such adhesion promoters can be
added to the papermaking composition prior to reaching the Fourdrinier
wire, or they can be added by spraying them on the surface of the web or on
the surface of the Yankee.

One example of a supplementary adhesion promoter recommended
for adding to the papermaking composition is provided by Latimer, U. S.
Patent No. 4,406,737, wherein described is a method of creping paper



surface of the web or on the Yankee is provided by Bates, U S. Patent No.
3,926, 716, wherein described is a process for_nmanufacturing a soft and
absorbent tissue paper web conprising applying an aqueous pol yvi nyl

al cohol solution to cause adherence of the web to a rotating cylindrical
surf ace. Adhesion aids of this type are effective in raising the
level of wooeemdsigesion to the dryer, which can be vital tyerhigssdeicess of
maki ng strong and soft creped tissue paper, especially of the pattern-
densified type. However, they do noy have any appreciable positive
effect in regards to allowing a reduction in percent crepe. |ndeed,

t he i npr oveneorripfist IREGPBrati n? in @f paper Wb pdpef plipsibeBgléntly Rried ,

bet ween t he cr.rgt [ n@ gl i\de and L]e. tor'd ?Lg‘.}]u cr_ﬁ?el t& be tightened making
it necessary tOOih¥FRILRARG 3 FalUF VAN SO %58 '8N BPYMELt frequent breaks
due to over-tensi oRin h e j :

Chem cal debondi ngﬁggﬁéteﬁaﬁa@egﬁg\f og;tt&ﬁ?%e?éﬁeﬁm%gﬁogﬁ%ymg orn(ta? é?%nces
such as U S. pHffacaglthe web opgn the Yapkee {spproxided pycBatgs, Uog. Patent Nonyar y
12, 1971. Thego2eI 18,i whereimdesalibequist arpracessaforomanafasiiring a soft andh as

ot bl : ! . mat . ;
0 Chyr ogenat SIFOBEHERSIE patler Wt YodnipEnd BN dieflledlis Moayvinyl
anmoni um chl o@ic@bol solution to causenagherpnce)of thpaveb te a sotgting mylindrical yed

June 28, 1974 sufaca teaches that chemi cal debonders can be used to
reduce the stiffness, and t hus enhance the softness, of a tissue paper
web. EAdhesipasaidseef shis, type ereseffegtive . raisingi4he2ievel ofued

Ma(r:ﬁ ha13, g_dﬂa?gi?n tbqng fa:nvdg,em &4n ﬁlermla% tHEApRICBSS Yof MERIRY Bﬁbﬁ?ﬁppgnds
su s L s(alkoxy(2: hydroxy) propyl en ern apnoni um chl ori des
to soften a”aeﬁ%&( dreped 8l F}QRgﬁ'agg%‘?@Qngpﬁ? ﬁ%’&g‘éﬁn t}lﬁdrh@es, in
their bull eti Hon@ver, thega not havelianyl apprecinbleupasitive effech imyregards to .

di (hydrogenat aflgvitgl LM REHERIrPRreEMBrESE Intieed, theGRIPPOVEMrIn BlhésidRt t Y
acid esters of gol 0X etg%/ltene glxctgl S tbo | ppart,both . bl %O””ﬁﬁ and
absor bency t o°ftPd séﬁﬂ FRyeT in the we ﬁ&‘@e@;g@glerepmg ade and tne

PCT/ US96/ 0382wind-up reel to be tightened making it necessary to incregse the percent

Convent i onal f ' n S I wn
dial kyl di et %ﬁee#ﬂ%%.;ﬂﬁamm WA O eSS AR e whon hese

chloride, dit Fet#S4- ammoni um nethyl sulfate, di (hydrogenated)tallow

i bi 1 ng agen s, Cheftical® dBbliyging Bgdie, RebE® ek ERed odarls |

ronot i ng th
mat eri al s ar ergferences suchnas bg. Fethblpe 3&%@&?@ igsyad: ta; Hervayh et ghpen

product, nost Japudrycl2andyi1. These materials include quaternary ammonium salts
such as cocotrimethylammonium chleride, oleyltrimethylammonium chioride,
di(hydrogenated)tallow dimethyl ammonium chioride and stearyltrimethyl
ammonium chioride.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, aiso
teaches that chemical debonders can be used to reduce the stiffness, and
thus enhance the softness, of a tissue paper web.

Emanuelsson et al., in U.S. Pat. No. 4,144,122, issued March 13,
1979, teach the use of complex quaternary ammonium compounds such as
bis(alkoxy(2-hydroxy)propylene) quaternary ammonium chlorides to soften
webs.

Armak Company, of Chicago, lliinois, in their bulletin 76-17 (1977)
disclose the use of dimethyl di(hydrogenated)tallow ammonium chioride in
combination with fatty acid esters of polyoxyethylene glycols to impart both
softness and absorbency to tissue paper webs.



reduction in strength of paper webs containing them because of their
t N I : : . o
Becker et al. in U S. Pat. No. 4,158,594, issued January 19, 1979,
describe a nethod they contend will forma strong, soft, fibrous sheet.
Mor e specifically, they teach that the strength of a tissue aﬁpr web
(whi ch may WO9633338 e been softened by the addition of chem’PEE{US&é‘gB di ng
agénts) can be enhanced by adhering, during processing, one surface of,
the web to a creping surface in a fi®e patterned arrangenent by a
bondi ng material (such as an acrylic | atex rubber emulsion, a er

1 el

solubl e resin, or afQavastional quaternary BONBPMYMEPOPPLNGS \ER 1A%,
adhered to one khowhadialkyf dinhethylebmaonidm salts (eighditailewi digrethyl famraoniont he

fine patterned a4 r ERLRAG: ; |
surface to for mc?‘ é&g%gg[@ % g?’ﬁ%"ﬁ é?'H‘naﬁluh*‘ﬁne%ﬁ;ﬁlélfal}g,e&g%%@nagé@? "g%’hance
the strength ofdilefiwhe2mmopiun citlgddg etc. ..}naie effastive xehamical \Roading ¢
descri bed a nuniibitiog ts.materi al s and di scussed their chemistry in

Cel | ul ose Chem stry and Technol ogy, Vol une 13, at pages 813-825
(1979). Frei mark et While jpromoting Plite. sniiness z85webs, these imatedalsAagiall 28,

1973 mention t 1Rt Have iVerst effdtds bh\tAE paperPratiuct, most pRPEUIRg srgent s
interfere with the natural_ fiper-to-fiber bondin curs ring

d . that o u
Lheet formt | ot if Srenoftt o, s cwebs Ao, s Padause of Hig no
| eads to a sof ttendermy tbdrhibit thesformatiore of fillerda fiber bémds. mark et al. go
on to teach the use of wet strentgth resins in conjunction with the use of

debondi ng agents t o Bgckeret at-Hia WSd £at.r Mo 4,168:584; dssued: Janugendfdi184°.
agents. describé/afmethbd #ey) sontéme withforita strorsg, 'seftdfitrolid sheéthaMoran be

of fset in thes . | L. . n,.for 1S ./ he
effects of st r:sﬁgfwc?lt\(\a@?‘ﬁ%y §°A°h%ggg}e_§?‘?e"¢§§?%§gﬁ%ﬁ ‘H}\lﬁd’é SW?&F?@ ue
structures as tha¥erbesmpeaftaned\by the addition of gaemical debonding agents) g8 1y

PCT/ US96/ 03819 enhanced by adhering, during processing, one surface 6f the web to a I N

ddition, th LL] h h :
el et er 1 ous. of REevbB3re i TS PRraE dr el by Aendiny majeria) (rsie
ot her side effastan aerytie latex aubbes emuisionrawatar solubie resinagn an elastomericse in

adhesi on to t heyohifHgeRatEri® wiibh fias GRERIINGISY Y Surfiial ¢fARE Web and to
operational difficultie t he, use of

. . A d | ch |
bondi ng i nhi bi 8P STYHNG Riurfaen 5} the fine petiermed %9?9‘88& %MeB‘g'@ﬁm?g‘?e&gat ed
to relatively rffovothe greping surface to formeaispeet-mateniahnd t hus rel atively minor

i nfl uence on the prqQguct. , It is therefore an o%%c_t of, this
i nvention to provid Y38, ef rRsins tp enhance the strength of a paper Is widely

known. For example, Westfelt described a number of such materials and
discussed their chemistry in Cellulose Chemistry and Technology, Volume
13, at pages 813-825 (1979). Freimark et al. in U.S. Pat. No. 3,755,220
issued August 28, 1973 mention that certain chemical additives known as
debonding agents interfere with the natural fiber-to-fiber bonding that occurs
during sheet formation in paper making processes. This reduction in
bonding leads to a softer, or less harsh, sheet of paper. Freimark et al. go
on to teach the use of wet strength resins in conjunction with the use of
debonding agents to off-set the undesirable effects of the debonding
agents. '

Unfortunately, the amount of strength loss that can be offset in these
ways is limited. One reason for this is because the effects of strength resins
taper off rapidly in low density tissue structures as their substantivity is
spent.



conposition capable of being converted into creped paper products that are

both strong and soft. It is a further object of this invention
to provi de a paper nmaki ng conposition which inproves the operating
efficiency of the dry creping process. These and ot her

obj ects are obtained using the present invention, as w |l becone
readily ap roma reading of the follow ng disclosu

SUMVARY CFaghEﬁéﬂ@ENTICN The present |nvent|o%63?g$?g%g strong-
and soft creped tissue paper producté and a process for producing the
same by use of a crepe facilitating conposition. Briefly, the strong

and soft creped t|s o5 : pong.
RHCadR, BRTIGRRT of strongth resifd @ARGLARKAA e

and 2?29 a@ ng npri sing:
i) from about delpteriqus effects of bopding h'g rs Q‘Pe%t not necessarily QYEFATR
I nhi bi tor, basethersideneffabty oivdepdriders ohhbe process most ngtablyrardecregsé iimer s;

ii) from about t ut
) adh ﬁo/g\ goeﬁﬁ@l ()Ys%kégase on %ﬁrus%s"‘%frbefore-mentroned

sol ubl e car boxyrre y wei of the
paper maki ng fi E’B?Eﬁt"’ﬁﬁ |ditficulties. | | i) from about 0.05% t o about

3. 0% by wei ght, ?c%cg%j éﬁw She use o(/ﬁ'rgrg}c%g%?ﬁgi’ngbﬁﬁ%ﬂo%n ot Wﬁe %re\for\g’e' ght

of the paper nmaki n
PCT/ US96/ 038 19ment|oned types have been relegated to relatively7 minor levels of

wherein sai d bgitdrpiiaiiomand tis rerativeRpfmindPinfluBhesemthd produétat i o rel ative
to the carboxymethyl cellul ose of about 1:5 to about 5:1, nore

preferably, said bohdsrherefdretan objecsobth;semuentmnaorprovrderaalpapemkimg t he
car boxymet hyl E@r‘nw&rﬁﬁﬁ f'géﬁ Q%beiwg%&n@eﬁ@@%o%r ed paper products friae g abl y,

the bonding in tor 0 e pres I nvention | uat ernary ammoni um
conmpound, mor eB ternary anmmoni um corrpounds havi ng the

forml a: it is a further object of this invention to provide a papermaking
composition which improves the operating efficiency of the dry creping
process.

These and other objects are obtained using the present invention, as
will become readily apparent from a reading of the following disclosure.

' SUMMARY OF THE INVENTION

The present invention provides strong and soft creped tissue paper
products and a process for producing the same by use of a crepe facilitating
composition. Briefly, the strong and soft creped tissue paper comprises:

a) papermaking fibers; and
b) a crepe facilitating composition comprising:
i) from about 0.02% to about 1.0% by weight, of a

bonding inhibitor, based on the dry weight of the
papermaking fibers;

i) from about 0.02% to about 0.5% by weight, of a water
soluble carboxymethyl celiulose, based on the dry weight
of the papermaking fibers; and

iii) from about 0.05% to about 3.0% by weight, of a  cationic
starch, based on the dry weight of the papermaking fibers;



[err] wherein mis 1 to 3; each RL is a

Clerrl-Clerr] al kyl —group—hydroxyaad—egrotp—hydrocar byl or
substituted hydrocarbyl group, al koxylated group, benzyl group, or

m xtures thereof; -each R2 is a (Jerr]-Cerr] alkyl group,

hydr oxyal kyl group, hydrocarbyl or substituted hydrocarbyl group,
al koxyl at ed wys ssvas3azobenzyl group, or m Xt ures t herRGIVUSIG/PIBI9

X ‘is any softener-conpati bl e anion. Exanpl es of quaternary
amoni um conpounds suitable for use in 7the present invention include
the wel | -known di al kyl di met hyl armoni um sal ts such as ditall ow di nethyl

anmoni um chl ori de, dvbeneinsaidibending inhibBas ismreferably prasent in p4atic relative
g! Eﬂygrogenat eggtal :mvvmi; rmtm}«mmwmanmcsbl of iaout wsho about 5:1, mored

i (hydrogenated)ta t MB'
This particul ar mat e&grtﬁ%ﬁ@ g%' an @'@rﬁ@ Eé/éﬁssg { e\ﬁé ?Qla rr%cgglﬁél nc.
of Dublin, GChio und@arbnwmstaum&u@se\@éabgéﬂ2t0§ qut21

Preferably the quate ondi. | esen
wei ght ratio of t r onPEelenebly; e, bongig: "g"q‘i'{ Hﬁé&%dpﬁ?e é"x%ntw&ym hyl
cel l ul ose, nor eqpatef‘ml:dmmbhlenqnamouad.ymaremmfaraubpmdatagnanyhammmmms
present in a Web?lfih?uﬁ& ﬁa\f?rfugfr{e%}rﬁaﬁm. 1:2 to about 2:1 conpared to the

car boxynet hyl Briefly, the process for naking the

strong and soft creped tissue paper webs of the present invention
conprises the steps of: a) form ng an aqueous slurry of paper
maki ng fi bers; VD \I6/ 10y~

PCT/ US96/ 03819 (R1)4-m 2 L RAZ X 8 b)
adding a crepe facilitating conposition conprising: : i) from

about 0. 02%to aboutvhérdifo by wei ght, of a bonding

I nhi bitor, based OnBPt & Q,r wei ght of the papermakl ng fibers;

i) from about 0. 028 o abdut 0.5% of a wat ersol ubl e

car boxymet hyl cel | uP8ske Ribissad vkst ﬂ'éYHQSP%hMﬁEOMIkY’@OUP- hydrocarbyl or

paper nmeki ng fibers; sabstituted hydrocarbyl grodp, i dlkaxytated group), Behzylogrebpuior 3. 0%
by wei ght, of a cat ‘hﬁ)ﬁbfesthereof starch, based on the dry weight
of the papernaking wherei n said bondi ngn
inhibitor is presenafhRe isaa Co-Eat @k greup, hydroxyalkyl group, hydrocarbyl or

substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof; and
X is any softener-compatible anion.

Exampiles of quaternary ammonium compounds suitable for use in
the present invention include the well-known dialkyldimethylammonium saits
such as ditallow dimethyl ammonium chioride, ditallow dimethylammonium
methyl sulfate, di(hydrogenated)tallow dimethyl ammonium chloride; with
di(hydrogenated)tallow dimethyl ammonium methyl sulfate being preferred.
This particular material is available commercially from Witco Company Inc.
of Dublin, Ohio under the tradename “Varisoft = 137",

Preferably the quaternary ammonium bonding inhibitor is present in a
weight ratio of from about 1:5 to about 5:1 compared to the carboxymethyl
celiulose, more preferably the quaternary ammonium bonding inhibitor is
present in a weight ratio of from about 1:2 to about 2:1 compared to the
carboxymethyl cellulose. ' :

Briefly, the process for making the strong and soft creped tissue
paper webs of the present invention comprises the steps of:

a) forming an aqueous siurry of paper making fibers;



t he carboxynethyl cellul ose of about 1:5 to about 5:1; c)
depositing the papernmaking fibers on a foram nous surface so
that the excess water used to formthe dispersion is renoved

form ng an enbryoni c web; d) transferring the enbryonic web to
a carrier surface upon which the wat er renoval continues
formng a_sem -dry web, said carrier sur f 3epnReIghesel ect ed
fromthe SYOYF¥nsisting of papernaking ?e?ts and forming -
fabrics; e) transferring thg sem -dry web to the surface of ‘a
Yankee dryer upon which the drying is continued until the web
reaches a ‘ tehaili hih cemprising: f

b). addijnt-erlepB thdlitating E¥mpesitibh toMprising: )
renoval of the dri e%j aV\Bl) frgrtr??t he Yankgele drgyer by mgansgof a

creping bl ade; and  j) from about @P2%i tudiabgut ND% rmpevkighth obra dondirig.
It has b di d; i | frhdrat i
Gant are ot o 1y Bl DRpEPRTLNS LI o 18, pEpRmAR el

conpound are optinmally separately urry while in
di | ute suspension befirigom polit 092% & abelRmS%! Bfweight, of a watersolublehas al so,

been di scovered that the perfornmanc { the crepin Wi feading
conposition is opti wmqqu?w@eé _nf’%l&{?oﬁfcm%ﬁ?ge E%thgbel (¥ %’gﬁggacgdme

before the cationic stapaﬂermgkingflbers; and Al | percent ages, ratios and

oo LN Nerel N ar i Bl SR 0 8BK°TS about 3.0K"8) Wit P deiinic

PCT/ US96/ 03819 starch, based on the dry weight of the papermaking fibers;,

BRI EF DESCRIPTION OF THE DRAWNGS =~ =~ Figure 1 is a schematic
representation illustrawhergirasgiddfosdingginhibitor isspiesantiena ratfo relativeatder maki ng

process of the present thgaridxgettyl cellulose HF abbu it Etoaabstiuk 6119 and sof t
creped tissue paper through the use of a crepe facilitating

conposi tion. c) depositifigytitec p@pérmakings fibenscon @ faspmirnwist surfage so
i1 lustrating a prefeqpgiine efces‘ir‘WQQi TRBY ©f forMethe’ Bspesici 9 embled

i ncorporating the crepe tacilitatl conposi tion.
P J fgrming an embryor[ollg web; P

d) transferring the embryonic web to a carrier surface upon which the
water removal continues forming a semi-dry web, said carrier
surface being selected from the group consisting of papermaking
felts and forming fabrics;

e) transferring the semi-dry web to the surface of a Yankee dryer
upon which the drying is continued until the web reaches a
substantially dry condition;

f) removal of the dried web from the Yankee dryer by means of a
creping blade; and

g) winding the creped web on a reel.

It has been discovered that the constituents of the crepe faciiitating
compound are optimally added separately to the papermaking slurry while in
dilute suspension before the fibers are deposited.

It has also been discovered that the performance of the creping
facilitating composition is optimum if the chemical bonding inhibitor is added
before the cationic starch.

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



The present invention is described in nore detail bel ow

' s specification™
concludes with clains particularly pointing ~out and distinctly
claimng the subject matter regarded as the invention, it is bel i eved
that the invention can be better understood froma reading of the
fol |l ow ng OWOAMBI0 descri ption and of the appended exanpl e PCTIUSI6I819
As  used herein, the term "conprising"” nmeans that the various _
conponents, ingredients, or steps, can be @onjointly enpl oyed in practicing

t he present invention. Accorgi A L SlAg. ~enconpasses the
nore restrictive terns coégﬁbﬁ§cﬂégﬁﬂgﬁ @ﬁ%@k@&‘iﬁna sting of."
As used herein, the term"crepe facilitating conmpounds” refers to one
or nore conponents a t kRO LS Wi f | a3y 1 N
dilute slurry form o?%%sg %e%‘%&Hg@%ﬁerégﬂn%%@%%}hdgﬁﬁ{égﬁxge%;ﬁ%égeg t he
crepi ng process egbodisent: ghither BaRRIMakNG IPresassg ohdhe spiesent ipyRNtios, ke
dryer, alteringprdtfuciricpd|strong ahersoft(Cppéd €ipsud papdrahiougheathe userofi anprepel ng
t he SOftn?gallitQ{i)niE&néﬁsciHM ant product. As used herein,
sol ubl r '

the term "water ersS 'to materials that are solublein
water to at |east 3%pjurgS2[ R 'dl @chematic representdtfortSAGstRAING & préRmedr M5

pr
"tissue paper web aper web aper . sheet. a paper por gagct " all
refer to sheet semb‘%é{g%'?t %ﬁg@ Wdfsgr§88§§°r mccrp%rghﬁg-irlgpnta%pﬁef%gﬁ 09y
form ng an aquecasppsitionmaki ng f urni sh, depositing this furnish on a

foram nous surface, such as a Fourdrinier wre, - and renoving the

\é\kg; g;BEroom the furni %’Re%%esbé‘\t rVaé\I(\tltOX Isoéesvc% légrlrf}l %\SO%IG %Ite?a(?l beIO\pCT/ US\9A¢6:)/ 03819

10 drai nage, with or without pressing, and by evaporation, conprising

the final steps of a AIDED! éh‘i’ﬁﬂdrﬂo? ?ﬂﬁ"nﬂ@‘eﬂﬂepdi tion to the

surface of a Yankee dryer, conpleting the water renoval by evaporation
to an essentially dry state, renoval of the web fromthe Yankee dryer
by nmeans of a f Wehilebthis epepificatidnt @dacludasl with diairgs tgerticidanly tpoirtingheet
onto a reel. : k7 =) . ' Jurnish”
s an aqueous  °Ut 2 aistiiSyy SBnRG 1A Bundp: maHHF R AP L §ﬁ?ﬁ*g?&*a§§éf"s
nodi fyi ng cheni &gfievagdsthat the)inventipe Fandia:-pattar: wnderstood from a repding ef the

"multi-layered toliawing Hetdled Gebcriptiontand ofthe ePpended exathples. multi-|ayered
web, multi-layered paper sheet and multi-I|ayered paper
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 "consisiting essentially of" and "consisting of."

As used herain, the term "crepe facilitating compounds" refers to one
or more components added to a papermaking furnish while the furnish is in
dilute slurry form or subsequently to the embryonic web to beneficiate the
creping process or resultant product by altering adhesion to the Yankee
dryer, altering the stable percent (%) crepe in the process, or improving the
softness of the resultant product.

As used herein, the term “water soluble” refers to materials that are
soluble in water to at least 3% at 25 °C.

As used herein, the terms "tissue paper web, paper web, web, paper
sheet and paper product" all refer to sheets of paper made by a process
comprising the steps of forming an aqueous papermaking. furnish,
depositing this furnish on a foraminous surface, such as a Fourdrinier wire,
and removing the water from the furnish as by gravity or vacuum-assisted



product” are all used interchangeably in the art to refer to sheets of

paper prepared fromtwo or -nore | ayers of aqueous paper meking furnish
whi ch 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 |l ayers are preferably forned
fromthe d@g,%) Jd'lﬁ)n of separate streans of dilute fibpgrpiddlasdi®s upon
one or nore ena'l ess foram nous surfaces. If the individual |ayers are
initially fornmed on separate foram neys surfaces, the |layers can be
subsequent |y conbi ned when wet to forma multi-layered tissue paper
web. draifages@fin e Mathdut plBsing! Bhd E?}'évb Bfafioh] E6HSrisih@ thefinalmeans

that it is compri sgd .of re than one oF' r.eped tissu The _plies
of & mul t - pl yo'5Pe O sengeng 158 shee a1 4 “Rofrate feofiioR 16 evsise vhay can
be multi-| ayerankee tdryeruecqrapletingethe. water removal by exsporationeita, anhe term
"percent (% cd3BRtiallySdry tatBeénitval Hfthe web forh(thé ¥aRRed BryoP By tndttisVsren t he
Yankee dryer an& t.hle wi nhd- eel  as RERS %g{e of the, Yankee speed
in a creped pd ?%Ei%@n'ﬂgg’gaéés.a"?m%ﬁﬂgfher ”t?@ LA™ AEE crepe is the
net percentage by | . b | : r or; e tive to
its length while o\r%@t ﬁ%{#gﬁkéé%aé{ﬁ y%é]&o‘@%ép?r mal,‘mé‘s?uﬁ?gd l ??‘elé_tﬁqﬂ@tlﬁe term
i npact angl e rd4rey OF PFPenhaaking dbegs, artipnally ingudingRodifing cOpMidlh28de
surface and t hiescaAbgdhereiiaftene Yankee dryer at t he point of contact

with the creping blade. In practice, the papernmaker W shes to mninmnze
the i mpact angl e, Dine tesnsomutti-iayered tippue papee webnmultbfayered paper welh t o

attenpt to novRuBASFerbd eweb e PhiE-Id)eréle  papef hsHerR UGy rﬁtﬁliiﬂ%ered papgetses the
web to tear and i s sonetjnes.r.eferred toI as "é” ugdi ngé' at .t & doct or
bl ade. pro%tggyesg f&ed intefchangeably 11 the a refer t0 sheets of paper

PCT/ US96/ 0381 Pprepared from two or more layers of aqueous paper making furnish which As
used herein, the ﬁréfe!ﬂéﬁl?%d?&ehrﬁfidﬁfé@hf fibér § es.dghet ﬁb@s‘&%i_ﬁ&lyaﬁéiﬁg to
retard the natu[azl fllber tq fiber On%'gn'?' V\%c |_,‘ta es }.gce in'a di

paper maki ng wdB'agyely; long %‘ﬁ%“@d"% RS TP e A Hoers as used Nthge
first step in tisseepapeesakig. (Theslayenscarei preferably Hormeast fromgthe fdeposition

hooq oni by 20UR0sEpEHERS STBINGCof WIRRGOfbEICERITEY Lptn SO dr e Snalesecl (O as
Vet el en) i 1 foramingns gurtdcss® JEfel FuBRA0IY0R a8 00y tofmbll B sepaldte , (1 ¢
i nvention. HoJeraminows swfaces, thedayersicapdef subsequensly gpmbined wher webtteon

linters, bagagafin a'rAlifNay&tkd tisst@Papst web. Used and none are disclai ned.
Wood pul ps useful herein include chem cal pul ps such as sulfite and

sul fate (soneti nes Asalised] hireit,t theptelmp S'madti-plyl fissue productireedemsi that itpis| ps

including for &xtHiNed ofthOH thatCatk pll6f SRaNES 1RBLE A The plies of a multi-ply
can be substantially homogeneous in nature or they can be multi-layerd
tissue paper webs.

As used herein, the term "percent (%) crepe" is defined as the
difference in speed between the Yankee dryer and the wind-up reel as a
percentage of the Yankee speed in a creped papermaking process. In other
words, percent crepe is the net percentage by which the traveling web is
foreshortened relative to its length while on the Yankes dryer.

As used herein, the term impact angle refers to the angle formed
between the creping blade surface and the tangent of the Yankee dryer at
the point of contact with the creping blade. In practice, the papermaker
wishes to minimize the impact angle, but is constrained by the tendency of
the web to attempt to move past the creping blade. Such tendency often
causes the web to tear and is sometimes referred to as "plugging" at the
doctor blade.



Pul p (TMP) and Chemi - Ther noMechani cal Pulp (CTMP). Pul ps derived from
b : : _

Bot h hardwood -~ -

pul ps and softwood pul ps as well as blends of the two may be enpl oyed
as papernaking fibers for the tissue paper of the present i nventi on.
The term "hardwood pul ps" as ‘used herein refers te fibrous pulp

derived frowddgsssswody substance of deci duous trees (angi oRSAIUPLGHIBLY
whereas "sof twood pul ps” are fibrous pul ps derived fromthe woody
substance of coniferous trees (gymospernmd). Bl ends of hardwood Kraft

pul ps, especially eucal yptus, and northern_softv\pod Kraft Q%NSK) pul ps are
particul arly suit ablAs esed hetsimghe herm [handingishibiter” istas agditienwhichagis i on.

o1 ST er 2y, N S o el foeE s 'f'wrm’d“? e e e (5)

, ul ps_.su us u s
\a/nereas ngrtherﬂamp % 47 { 'ﬁaf'ﬁé'rh?éga ?ﬁpf g%nner Iayer()s/) Al so
appl i cable to the prﬁ?@ﬁ?st'fh‘éﬁ%'tﬁ@ %@egé B?rtﬁnsdﬂ(/éﬁft%il- ig ﬂ-g@ k&g &F daper,

whi ch nmay contajn any_or a

Crepe Fatilitat ﬁ%s@ahﬁwqupermakmg%grsc&ﬁ?%eé S sometinpRisierRd 19 25 ne

present inventiwaood pulphe crepe facilitating conposition. The crepe
facilitating conposition conprises a bondi nq I nhi bi.tor, carboxynet hyl
cel lul ose and cati orlf dSsanticipated that wood pulp & calh itsy vanigtiasomill Mermaly bi t or

i's a quaternar yC@ﬂﬁﬁB”é tH8 paper ﬁ@mm@nﬁeﬁs'nmmbmmm t IHoweRieg hbthiefit | 0
IngT; [Jggn6?(t))ggt19 Ce§lu oseathbrgus %ui]ps such as co}%)n ?ﬁ{eré 3lg‘agatsse rayon, etc,, cqne?%t i ve

to the car boxynused/and sbheiaos disclaimed Weod pulpsyusefid Heseiniingude chemical

inhibitor is a plilps SLBR 2% SURRHAd s e Qﬁﬁiﬂeﬁﬁés calléd R?éft)tpdlﬁs bb@ndlﬁhﬂht
rati o of from about 1:

cel | ul ose. mec h%'écﬁi‘ﬂ?ﬁg‘qlf?ﬂi?%%? pxample grouncpwoqﬁr Oxréﬁ\ﬁ %‘@Pﬁaﬂ ating

conposi tion conPlabn(;TME) aamdeﬁd:\emHTﬁermoMechmaaioﬁalu (GTMPr)lemhﬂDs alerieéd or .
The bondi ng i Nhirknteltn Héc@ﬁéﬂ@ﬂﬁd bamf’é?' us trees 84R B! t 0.02% to about 1.0%

based on the dry weight o e paperna I ng ers of the furnish and
nore preferably 0.1%dth HirdWood Pulpsaindadftaoed pulps agwen ak bfendsaofitng twon

]ngpnglugds TOT €l HeriBloyed %R rabBAhNiAT HBB! A} the tissUePRIU U Shd Prédid t he
invention. The term "hardwood pulps" as used herein refers to fibrous pulp
derived from -the woody substance of deciduous trees (angiosperms),
whereas "softwood pulps" are fibrous pulps derived from the woody
substance of coniferous trees. (gymnosperms). Blends of hardwood Kraft
pulps, especially eucalyptus, and northern softwood Kraft (NSK) pulps are
particularly suitable for making the tissue webs of the present invention.
Also comprising the present invention, layered tissue webs wherein, most

' preferably, hardwood pulps such as eucalyptus are used for outer layer(s),
whereas northern softwood Kraft pulps are used for the inner layer(s). Also
applicable to the present invention are fibers derived from recycied paper,
which may contain any or all of the above categories of fibers.

. Crepe Facilitating Composition

An essential component of the present invention is the crepe
facilitating composition. The crepe facilitating composition comprises a
bonding inhibitor, carboxymethyl cellulose and cationic starch.

Preferably the bonding inhibitor is a quaternary ammonium
compound and is present in the weight ratio of from about 1:5 to about 5:1



[err] wherein mis 1 to 3; each Rlerr] is

a (err]-Cerr] alkyl group, hydroxyal kyl group, hydrocarbyl or
substituted hydrocarbyl group, al koxyl ated group, benzyl group, or

m xtures thereof; each R is a CJerr]-(err] al kyl group,

hydr oxyal kyl group, hydrocarbyl or substi tuted hydrocar byl

group, al koxyl ated group, benzyl group, or M YE4Sss0bgi9r eof ; and
X is anywé)o‘%{"a{gr-conpati bl e ani on. As di scﬁssegfsi n Swern, Ed.
in Bailey's Industrial G| and Fat fr oducts, Third Edition, John

Wl ey and Sons (New York 1964), tall ow i% a naturally occurring

mat eri al havin . varl e [ed [0 e | h ;
above-identif i%lfq'_yéf _@r gﬁécecwtw %\’ﬁleu-rl_%al nd@gé%e%a{eﬁ%?'yt_gg gg\'\fmgm%

or nore of thenhikiteyissa Auatesary AMINIYBHRANRPUNG Ad IBPTESeNJ té?cwﬁé.h*

Typi cal l'y, ratio Rirbmdbdut a2 Rt dboueitdelstivede the tarboryrhethykoetiulossat ur at ed,

primarily in the form of oleic acid. Synthetic as well as natural
tallows"” fall within the scope of the present invention..

Preferably, ea&_hﬁlgh@;,ammb@prr]-qerr] al kyl , nost preferably each
R2 is straight-chain err] alkyl. Preferably, each Rlerr] is met hyl ,

X[err] is chloride or nethyl sulfate and mis 2. Optionally, the R2
substituent can be Ther i cregef facilitatingt sompositibnscontains as an  esgenti@/ 33310

EXC-'a_/ Ulsggl gggl%aotmeeor?aerm a bon%ipgr%ngigitor.un’ghe Sbo_ntdg\gI thfibitrt#as priesent in an_
pr eggnt i nvegt?’ﬁﬂ”mrﬂf?‘(’t@:‘g‘ﬁ@gwl“I'S%?Rﬁmacﬂ"ibﬁ %M@?FM‘*&WPE‘@& s
such as dit al |fibgrsliofetheyfurrishrandumoceh poefecably @i 1% tool/5%. ne Prefeeeaogreum

met hyl sul f at E?Jﬁ% m&mrgﬁmeH&,%%t&ﬁer GuatSiridi Qririsriuw t h

di (hydr ogenat ni um net'hyl sulfate beinhg preferred.
Thi's parti cul HOMRAUEGSHAVING VR IPMU®e commercially from Wtco Conpany Inc.

of Dublin, OChio under the tradenane "Varisoft 137". Veget abl e
oi | based variations of the quaternary amoni um conpound can al so be
used, and are neant_ to falls within the scope of the present invention.
These conpounds ha(\ﬁé‘)éﬂn'glaﬁghegn:}ﬁl as as descri bed above wherein the
R2 substituent conprises a (Jerr] - (err], hydrocarbyl group, or

substituted hydrocggluly group derived fromvegetable oil sources.
‘Preferably, the majaority of R2 conprises fatty aliphatic groups containing
at | east 90% ANd8 A& err] chainlength. Mre preferably, the majority

of the R2 subséadhiRAtis #.0y-Cglatkyl guiodp, dmydrnyatiyb groupo ihyidedanyl o f at ty
? lhiafgg; iCogroups g netilibd Hydrstambyl! §d8h, Bik¥kiaRid brousl HenkyPBFbup, Xdrur s
mixtures thereof;
each R2 is a Cg-C44 alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof; and
X" is any softener-compatibie anion.

As discussed in Swern, Ed. in Bailey's Industrial Oil and Fat
Products, Third Edition, John Wiley and Sons (New York 1964), tallow is a
naturally occurring material having a variable composition. Table 6.13 in
the above-identified reference edited by Swern indicates that typically 78%
or more of the fatty acids of tallow contain 16 or 18 carbon atoms. Typically,
half of the fatty acids present in tallow are unsaturated, primarily in the form
of oleic acid. Synthetic as well as natural * taliows™ fall within the scope of
the present invention.. Preferably, each R2-is C16-C18 alkyl, most
preferably each R2 is straight-chain C18 alkyl. Preferably, each R1 is
methyl, X- is chioride or methyl sulfate and m is 2. Optionally, the R2
substituent can be derived from vegetable oil sources.



Speci.fic exanpl
q

es of preferred vegetable oil based variations of the
' ' ' present invention

i ncl ude compounds havi ng the formul as: ~ [err] Thes
conpounds can be considered to be vari ations of the " di (ol eyl ) di met

anmmoni um chl ori

de (DODMAC) (i.e., di(octadec-z-9- enyl ) di met hyl

e
hyl

anmoni um ch™O96(38310and di (erucyl ) di met hyl anmoni um chl arCTIes6DIEINAC)

acyl
olive

(i.e., di(docos-z-13-enyl)dinmethyl ammoni um chlori de) respectively.
It's to be understood that because t he ol é')?l and the erucyl fatty
groups are derived from ur.al occurring.vegetabl e |Is

oil, rapeseed oil % q $ of grgternan, A '%%EIH'PSCQIFPQH rs"l‘!ﬂ%ﬁ}?/g%’ | M3® R ¢

groups nay al soﬂ'@eprpﬁwementmn include theowvel-kagen @ialkyldimethylammonium salts

PCT/.US96/ 03819
Car boxynet hyl
contains as an

such as ditallow dimethyl ammonlum chl?nde dltallow dithethylam nlum

el Shfate. cithygeasnntc)ialoR.AEsDHLRMONET  cigas: Wit

present inventi @thydnogmaied)taltmm dimethyl tamimofiufr thettioyl asuifate Beifgopreférred.

pr ef er abl y fronTﬁch.gn
The term' carony

car boxynet hyl

as used herelrn

5 QWQ:Hﬁ#erdBe tradepame; VaRaelty 43Dstitut ed derivati

~such as car boxyrret hVégetabbh;dllCGHabaﬂosaﬂat(dH&NG} thec ajuaternant Nethmonium

hydr oxyet hyl cel
(CvHPC). If ad

i S e s i B Y PV e

met hyl or hydr SXeaeMiNvention J hese sompounds have the)s@me formulas es aesgribed

cont ai ning 2

useful in the pérB

substit ;Jt i on up tgﬁ {)1" élﬁ%ﬁh %?RXQ'%%?PWP ger?yel&jﬁqm vegetq

the range from

abovieowBersin the R$ sUbstituent comprises G d)plxy f%i'Yh &%bérlﬂyp

bie of spiites|

Y & |

ably, the, majgsitiof R2£omprises faity alphatic groups containing at

least 90% C18-C24 chainlength. More preferably, the majority of the R2

substituents are selected from the group consisting of fatty aliphatic groups
containing at least 90% C18, C22 and mixtures thereof.

Specific examples of preferred vegetable oil based variations of the
qQuaternary ammonium compound suitable for use in the present invention
include compounds having the formulas:

(CH3)2 - N* - (C18H35)2 X
and

(CH3)2 - N* - (C22H43)2 X

These compounds can be considered to be variations of the
di(oleyl)dimethyl ammonium chioride (DODMAC) (i.e., di(octadec-z-9-
enyl)dimethyl ammonium chloride) and di(erucyl)dimethyl ammonium
chloride (DEDMAC) (i.e., di(docos-z-13-enyl)dimethyl ammonium chloride)
respectively. It's to be understood that because the oleyl and the erucyl
fatty acyl groups are derived from naturally occurring vegetable oils (e.g.,
olive oil, rapeseed oil etc. ...), that minor amounts of other fatty aliphatic
groups may aiso be present.
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substituents per anhydroglucose unit of cellul ose. The

Mol ecul ar Wei ght of the carboxymet hyl cellul ose useful for the pr esent
i nvention can range from about 10,000 to about 1,000, 000, but

preferably ranges from about 90,000 to about 700, 000. Sui t abl e
car boxymet hyl cellul ose can be obtained from Hercul es | ncor por at ed,

W I m ngt on el e. Hercules CMC-7MI[err] is a suitable pcrustdaed

Bef ore addi ng the carboxynmethyl cellul ose to the papermaki ng furni sh
used to nmake tissue paper webs accordi ng 40 the present invention, it
is preferable to create an aqueous solution of the carboxymethyl cellul ose,
preferably ran@®.nGafboxynedthyl Célluldseo about 5. 0% CMC. C. Cationic
Starch Lt d-at d Sk cQut aLns ;

essenti al corrpgﬁgng:F Ca{a?:ﬁ#ttﬁg&%%&ﬂ% %%dtigf@ﬁi %%s%'?cﬁelé%rﬂ%! esent

in an anmount ofomponeqt HSAPPRYRBIHY celluipge, JEhe PesentiBvention cataingdioght  of
t he paper maki ngbout 0.0f beraboutinD%@nd moref srefepably fionmabout10/02% telabout 2. 0%

As used hereingt . & QLM arch" is defined as starch, as
natural |y deri \(/)'eg@ﬁ; c\%ﬁ.fd&m%g@\ gge“e“ﬁlo%rt her chem cally npdified to inpart a
WO 96/ 33310 The term "carboxymethyl cellulose” as used herein refers to

PCT/ US96/ 03819 carboxymetl'}yl cellulose (CMC) or its additionally substitGted derivatiagés oni c
constituent noi ) e S | Y m

pot at oes, but égéﬂbeg%er%g%%%ﬂ?ot k@tﬁ@gﬁlﬁx&gﬂ sd?ﬁl‘ﬁrl?ge, %\%ﬂe&g?ﬁwegh[yl

t api oca. St ar c Aygrosyethdiesliviese (CMHECS )« and saraexymethyh hygroxyprapyiseliuiaser ch i s
particul arly p(eMeIPGd. If Additionalssubstituemts by asdd, GimsCorefarabldcthiat @y bet ar ch

P et it \ . ! .
both - any1 SIEAM B Ry ARA T blos, 06 4P i RATRAY Belerb G ElING2 0T,
starch ar 0 P gathomratg@Scri bed in "Amioca - The Starch from Waxy Corn",
H H- Sch Food..| ndust ri es, , 1945 . .,.106- 10 Vol .
op. 476 La7earbpyumetny] istilosS Juseti G A nrpsand; FBRQT gbi Wateh 2o
granul ar form soiuble and bias:p degree dfcaubstittition dpdp thestheofetical limitof 8l butd. | f
in granular prey preferabif!idithel fdtigel oM abbuf @l toNatodte1 @' eatiokgetry col d

water prior to_ its.use,” wt t he on re-caution being to use

equi pment whi cﬁuWE‘r@'@ﬁQ?ﬂ ydraglyeoss uni Xfé)e[llylo&gi -block in formng the

di spersion. Suitabl i %@Qé{ Ifs%l;mﬁq@ W, t he

I ndustry. If the stg?grll\iﬁﬂg&lﬁ%r g‘(ﬁﬁﬁm@r@% o?ar%b%x ﬁhoéﬂlg?sﬁo - be r i

pre- gel ati ni zeBresent jinvantied ARy (ange Femwaberd 19.90€ Hot aPew 1,080,000, bute| | i ng
of the granul epreférablyeranby froratiout 98000 tgrabout 200,80® swol | en, as by

cooking, to a point just prior to dispersion of the starch granule. Such
Suitable carboxymethyl cellulose can be obtained from Hercules

incorporated, Wilmington Delaware. Hercules CMC-7MT® is a suitable
grade.

Before adding the carboxymethyl cellulose to the papermaking
furnish used to make tissue paper webs according to the present invention,
it is preferable to create an aqueous solution of the carboxymethy! cellulose,
preferably ranging from about 0.1% to about 5.0% CMC.

C. Cationic Starch

The crepe facilitating composition contains as an essential
component a cationic starch. The cationic starch is present in an amount of
0.05% to about 3.0% based on the dry fiber weight of the papermaking
fibers, and more preferably from Q.1% to about 2.0%.

As used herein the term "cationic starch” is defined as starch, as
naturally derived, which has been further chemically modified to impart a



hi ghl.y swol |l en starch granules shall be referred to as being "fully

cookRed™* The—TomdrtToms—for—drspersromr—tmygeneral can-vary dependi ng ———
upon the size of the starch granules, the degree of crystallinity of

the granules, and the ‘ampunt of anyl ose present. Fully cooked am oca
starch, for exa can be prepared by heating an aqueous slurry of

about 4% corf¥¥® n&ﬂﬂ/ of starch granul es at about 190 [E?F’P?"(”é‘b‘Sut 88
[err]C) for between about 30 and about 40 m nut es. Cationic
starches can be divided into the foll ovvi ng15gener al classifications: (1)

terti ' | kyl .eth 2 h et di t

am nee, ” phosphofFUTAIE SRESRUPRORPTHY-ddrElsPbiYBe Sarph is deerdrom et or 0
secondary am nofbtaypes;t butcbars bengrived from cathemsearces( such | rice, wlneatnmr
starches). New g wns,tapérpﬁemwa,gcrﬁé.wufso%o@ﬁl ifauglie {l}fos aﬁivﬁrcatélgrch

i
tertiary am noal kK t hers_and tern amoni_um aret

mai n comerci al P é % F‘?rﬁfeé'reé?bl nigcq st J&hl%ﬁﬁrﬁ f%FEWW%d%P"d'@Fé@VS'F
~substitution raingthayitfis em:ralwamwﬁpédtlrt Wc@nmonmrmllarcﬁuhﬂhlﬁslmh per
ZBBXSrﬁ%L?FSﬁEd*‘”‘V‘ c®ln %‘“Qr@'ﬁik’% 03¢ Lhitis chef 5°"'éﬁ% t*“‘ﬁ%?@géréﬁm e
and Cheni cal ﬁiffhe(’éy? tiBr "ATNEGR TefBe \Slarghy from W&P@ﬂ'&n’é

Redi BOND[ err] . Schctmeyert RoodiridustriespDeeémber, c|9145 pp! 1062508078 BﬁNDM?s-

WO 96/ 33310 147 Th .
PCT/ US98/ 03119 8). The starch can be in granular form, pre gelatlmzfg granular g’fﬂbf&r ]

and Redi BOND 5391#Pgrsedsiarmap the glispegsaddarmiis rprateaiad ordfilin granulasi prer ¢
functionality sgelatinize@®éoinB@YiRed0sHily Berdispairseciinsdid WatetPrir to its use, with The

Pherudi ng bt k@?“ ?’ﬁ%?f@ﬁé‘?%wc%%‘b@ 17 L Efipiredy A Slertbnd A Bridepey
paper ; hi gi® 198H-RIogK: inc formivg, dhe; digpersignod Suitahle t]!islpﬁ'ser5a|kdomgas bul k,
unconpact ed cr eeﬁahtbnssare&:mﬂﬁﬂ in the industry. If @éeﬂﬁfbht isSA ﬁé!ﬁ?forﬁ??ﬁd

cULaDle 1o R 8 pldaRiAGRS" 18 fcpstgn ol e Sy ) kR o

g/nferr] and abou
| ess. Preferabl §velling PE the Deaniules. | Preferably, snchistanch IBamules @re jswallen, as

| ess; and densi by cobkihgb® &lpairit jst3risH to%?&ﬁéré n0c5f th8Sstarn et sLab! v
'?'ﬁgs:oﬁ gsent i nvehp ﬁﬁgevﬁg{‘g‘eé’%&%s%é {93 ?9 agati?ﬁ(o?h “rY ly cogked”.

paper webs. Ti 'EB%GOBGIHQGQ tﬂrdsperﬁlmdnfgmalwparmw |n|ependmgtupouﬂhe size
described in U &thBaétath anfibs/ S5 30,
1976, U.S. Pate °W Qo9 tHe d;@r ;zéﬁgﬁ gﬁgﬁewéﬁ%
U.S. Patent No. °° aEvp far example, gapy
Eur opean Pat ent berprapaced by heatm an aneews;slmry oEdhantdt% eonsistencp b siascred

Sept enb 7, 1 | ° Th
Cayera are br ol apabls Somory aog e oY o PRl ] S Rt T

typically
Cationic starches can be divided into the following general
classifications: (1) tertiary aminoalkyl ethers, (2) onium starch ethers
including quaternary amines, phosphonium, and sulfonium derivatives, (3)
primary and secondary aminoalky! starches, and (4) miscellaneous (e.g.,
imino starches). New cationic products continue to be developed; but the
tertiary aminoalkyl ethers and quaternary ammonium alky! 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 Nationa! Starch
and Chemical Company, (Bridgewater, New Jersey) under the tradename,
RediBOND®. Grades with cationic moieties only such as RediBOND



being relatively long softwood and rel atively short hardwood fibers as used
in multi-layered tissue paper making. Milti-layered tissue paper webs '
suitable for the present invention conprise at |east two superposed | ayers,
an inner |layer and at | east one outer |ayer contiguous with the inner

| ayer. Preferably, the multi-layered tissue papers conprise three

super pose yers, an inner or center |ayer, and twop@pifRkoisers,
with the ?Wﬂé'f""ﬁ:‘é@ | ocat ed between the two outer layers. The two

outer |ayers prefer abI y conprise aqqinmary filanmentary constituent of
about 60% or nore by weight of relatively short paper naking fibers

having an aveigageel L@;«%ﬁbp@@ 5327@ RO Lidbig, B gt Vit auBiichaese
rerer
R 45 BRUEGND 20088/ LB 4 BBlss: L] yptus.

har dwood Kr af t3MQ
The inner |ayer pr %Séﬁ&éht ﬁﬁ&fl?ﬁﬁe@l%blﬁﬁﬁre’?ed tlés'ubﬁm' 0 n%erfé?ﬂSt | tuent

of about 60% or nore kKing fibers
havi ng an averrgeding e nPb'(ﬂ'Ql‘?F!ﬁc‘P@’%‘f“’%VufP t?rgsﬁﬁﬁ crepe ng paper .
meki ng fibers nigre bR qaltieyn sdéhsibed! trdpeds tissuef papét.y and hlghnobuﬂrer n

sof twood Kraft 1] e majority of the crepe
facilitating @85%@?%@9 ﬁﬁ&ggﬁ’g %Et I nvention is contained in at |east

one WO 96/
O US96/ 0381 836J&Y tissue paper webs suitable for the present invention have a

outer layers Z’PSFH@@'H{]! pf betweep 1P gim2 gnd FRpt 65,85 a?%gé%s'tgsen%boq& the
i nventi on. Mi0Spgiehet ablegs. Praferabjy basis waightwill hechriow about 83gfmg or

conNposition jegg, %Ed%%ﬁsﬂ? RTFHE abOUENEH GNci® of MNsAi Mest prefebslily, diinsitpe out er

| ayers. gproduct s nade from

single-| ayeredﬂ"tbpem?ené%a 99?'8 @Pa%ﬁgéﬁ' ti ssue paper webs can be of a
single-ply or ml t;mg éreTant w&%ﬂg&ﬁ Y€ LARer a g%phcabe to muifié ﬁz"r qR8ué Or

maki ng the strong tissue resent

i nventi on compapseswelfe sTispye Os,tructures formed 159m; lAYRIeR, pélﬁeédfébﬁ Qlurry
of paper naki r@stiithed By U.S. Patent 3,994,177 1,aMdrgean, dr.csta@hassurd NovemberBo,

conposition ¢ 0; t
by i ght Q@Eoﬁldﬁ Patent No. 4,300,981, d%s:%h@”ls@ﬁ gN&eﬂ?oért apr afEAt Ilgg;’/o
of the papermalk SndPatent No 4,166 001,fQ|.5@,|r!g et al., |ssue Rugus?gls 879,0 dbout

0.02% t o aboutEwopéarbPaterit FublicattoraNoa0e813 978 A1, Edwards et al. .sptutzlbhed

gg;g?ggﬂgﬂ I%e t (HEQP? 1656 Sl FWHIOS afl ?ﬁ Ed herein by | reference ofrhéhe

by wei ght, of Iayers are preferably comprised of dlffer nt tr ber types the f%e Eyplcaa 9 ut 3.0%
being relatively long softwoad and relatively short hardwood fibers as used
in multi-layered tissue paper making. Multi-layered tissue paper webs
suitable for the present invention comprise at least two superposed layers,
an inner layer and at least one outer layer contiguous with the inner layer.
Preferably, the muiti-layered tissue papers comprise three 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 about 60% or more by weight
of relatively short paper making fibers having an average fiber between
about 0.2 and about 1.5 mm. These short paper making fibers are typically
hardwood fibers, preferably hardwood Kraft fibers, and most preferably
derived from eucalyptus. The inner layer preferably comprises a primary
filamentary constituent of about 60% or more by weight of relatively fong
paper making fibers having an average fiber length of teast about 2.0 mm.
These long paper making fibers are typically softwood fibers, preferably,
northern softwood Kraft fibers.. Preferably, the maijority of the crepe
facilitating composition of the present invention is contained in at least one



cationic starch, based on the dry weight of the paper maki ng

f Heers+ whetr-etA—satd—ondtng—nibttor is present in a -—
ratio relative to the carboxynmethyl cellul ose of about 1:5 to

about 5:1; c)-‘depositing the papermaking fibers on a

f oram nous surface so ' that the excess water used to form-the

di spersi on WO 9683310ed form ng an enbryoni c VRF/USIEH3I819

d) ‘transferring the enbryonic web to a carrier surface upon

whi ch the water renoval continues form ng1§ sem -dry web,

said carrier surface being selected from the grou consi'%tip(ﬂ_l of

paper maki ng f el ¥sthenguies1ayels 9f-the; pulti-layered tissugrpapers webyof the present
PCT/ US96/ 03819 invention. More preferably, the majority of the crepe facilil8ting composition e)
transfterring thg Rgpredint ifRRubA id bhaiHbd 7 Bofilordng BlePtapbiyer  upon

whi ch the drying 1s continued unt reaches substantial ly
dry condition; The crepbii tisei® paperprodactsthade frordsihglerlaybredYamkal- dr yer

2 raer o tayerd gl HBS ndlth waps gan b by e cRMER-AILTf gfiBbYC ©"

conpri si ng t he GRASHLOMg t he papernaking fibers on a foram nous
surface, the equip t and net hods are well known tog . those skilled in
the art, In a typi calNePoEess for Making fhe steasend Solt Graper Hissip paerr webs
provi ded in a pofebeprésent inveatiomcomplises the stepsibbx has an opening for

delivering a thin deposit of pulp furnish onto the Fourdrinier wire to
forma wet web. Thw? is then typically dewatered to a fiber

consi stency of bet wetnTOIB¥IG ary 8AUPRHS:$IUTY ObBaRer: AakING fibBrsiei ght basi s)
by vacuum dewat eri ng. In the process step of the present

i nvention conpri si ngp)t addingd erepe facilitatirig corapositiem eofmprisingt at i ng
conposition; the bonding ' inhibitor, the car boxynet hyl cell ul ose, and

the cationic starch arg) Fich absit 0.02% terdboult % ct;ﬁeviéhlﬁpéﬁaﬁahéﬁhbon&

diluted to a desired concentration and added to fhe. aqueous Slurry of
paper making fibers, offPREe; gﬁ?'eé]ﬂnhfeg%‘fe'gﬁﬁdt Pﬁ@emg‘"ﬂ%per maki ng

machi ne at some suit ablf®epi nt ahead of the Fourdrinier wire or sheet
form ng stage. However, applications of the above described crepe
ii) from about 0.02% to about 0.5% by weight, of a water
.soluble carboxymethyl cellulose, based on the dry weight
of the papermaking fibers; and

iii) from about 0.05% to about 3.0% by weight, of a
cationic starch, based on the dry weight of the
papermaking fibers;

wherein said bonding inhibitor is present in a ratio relative
to the carboxymethy| cellulose of about 1:5 to about 5:1;

¢) depositing the papermaking fibers on a foraminous surface so
that the excess water used to form the dispersion is removed
forming an embryonic web;

d) transferring the embryonic web to a carrier surface upon
which the water removai.continues forming a semi-dry web,
said carrier surface being selected fromi the group consisting of
papermaking felts and forming fabrics;



facilitating conposition subsequent to formation of a wet tissue web and
prior to drying of the web to conpletion will also provide significant

benefits and are expressly included within the scope of the present

i nventi on. More preferably, the bonding inhibitor, the

car boxymet hyl cel |l ul ose, and the cationic starch are formed into
separat e agifgHssi6li spersions and added separately to pARUSHENYS

di spersi on of papernak|ng fibers at a sui tabl e poi nt ahead of the sheet
form ng stage, and the aqueous dispersi o of the bonding inhibitor is-
added to the aqueous dispersion of papermnmaking fibers before the

cationic starch. e) transfernng\/hfetsemajrgwww thé Berfaseofta Yankse dpfersai d crepe

facilitating Oge a a ous dispergions to
sai d aqueous “PonHURr Pl a3 Falties FIEREaR Y oy TPBOEECS {1 ng i
fibers on sai éubaiaamllycﬁm condition; V\096/ 33310

PCT/ US96/ 03819 surface

the carboxymet hyl BelTemyakos @eé{ﬂ'ﬁgdvq%fr?'ﬂéh%aaﬂﬁ%%d@%PY W%@P(ﬂf e t he
quat er nary ancrepingibladedamd) i nhi bi tor, and the quaternary ammoni um

conmpound i s added prior to the catlonlc starch. In the process
step of the presen8) iwingding tbe ceepgstweb Ag angel deposi ti ng of the
paper maki ng fi bers on a foram nous surface to forman enbryonic web,

the scope of the invention also includes the formation of nultiple paper
| ayers in which two or nore layers of furnish are preferably formed from
t he deposi ti onlrbmesmp@ﬁsat%egpff@arn;esﬂntmwamlenfcpmrIS|@gdhe Hepositim@ | ayers

gr_e pr ef lefrgéobép%ﬂlﬁﬁklhgefbﬁs dhfﬁead?éihlrfohbeﬁtlﬁéﬂéﬁsmft% ui Sarﬁd’bpl call'y
el ng re Y on [. sSnor I Ders as
used in etth°4 ?rgr‘gg" ?ﬁé‘%’ﬁg‘gg’é‘%@ S'ﬂ@‘?aa the ¥rtt Ill%al ‘Maée%f??rg %a@er S are
initially lavo comsisiency adp furaishi iscprovided lnaqenrgssurlaed Lheadhownt The

cg rﬂe)lr gg \rA]/he ?hé&?box has &n 5pémh féﬁdetmmhﬁga ftﬁiﬁl dgpa?w gf mp@um%tbnga' Imat

pap i ng e Q | I types,
the fibers tyg%*ﬁmﬂﬁs’ 1Bk w%aw?fbvm SeBh YRR ddastei A )

short har dwootiben gensistensyp o betwegsy ap yand sboula2fodetat M@@r%’elgbhpr i se

at | east aboupa&§igfbyuscimh dewateripgf t wood fibers conprise at |east about 10%

of said papermaking f| bers. In the process step of -the present
i nvention conpri si tngtherwot:esmstfeprofdhe preseﬁtmwihonmomp‘nsing the ackbium: t he

process step g WV%H% ”FA@FIK%E@ Fééhﬂrg th e tb ?rﬂgﬁutorwe k”OW”
in the art, i S EeXPr ess I NC e SC vention.
In this pr oceE%"@?‘ﬂBeﬂ}y geliipse. §”ﬂ t‘-'@#'@ﬁ'ctﬂ’a’tc aﬁ{gfpé? feraply fgym

dewvat eri ng fehguesus poletions)gdituted \teba siesiradtconeentration andrtaddidf toothe he

web into the h | ' dto
pressure deve%g'l"éc(ﬁ“géé| 'S &pﬁ%ﬁhh cairg\lhsrrng"eﬂrq'ssh o\rfﬁée)%}ae? e, bP?ﬁéﬂ
cylindrical rBfpgrm E‘ﬂt!%%c"tb‘?e ghiorae sutapieipoint Fﬂt‘@gg@f&e QULRERMSr ViR - wat er
or sheet forming stage. However, applications of the above described crepe
facilitating composition subsequent to formation of a wet tissue web and
prior to drying of the web to completion will also provide significant benefits

and are expressly included within the scope of the present invention.

More preferably, the bonding inhibitor, the carboxymethyl cellulose,
and the cationic starch are formed into separate aqueous dispersions and
added separately to the aqueous dispersion of papermaking fibers at a
suitable point ahead of the sheet forming stage, and the aqueous dispersion
of the bonding inhibitor is added to the agueous dispersion of papermaking
fibers before the cationic starch.

Most preferably, the constituents of said crepe facilitating
composition are added separately as aqueous dispersions to said aqueous
slurry of papermaking fibers prior to depositing the fibers on said foraminous



the web in this fashion, the resultant webs nmade by conventional felt

p%—ﬁg——ﬂFe—Pe{—a{-er{—y—hfqh—Hﬁ—dﬁ%ﬁ-ﬁﬁ—aﬁﬂ—mﬁe—ﬂﬁ&Pacterl zed by having a

uni formdensity throughout the web structure. In the process
step of the present invention conprising the transfer of the sem -dry
web to a Yankee dryer, the web is pressed during transfer to t he

cylindrical WR%&%3Wr um apparatus known in the art as a YanKRE7Rfo¢eI81
The transfer is effected by nmechani cal neans such as an opposi ng
cylindrical drum pressing agai nst the web. 19vacuum may al so be applied to

e 2 e BT caBaiy Sl s sddei16the SubbB SRy EGBST !
PCT/ US96/ 03819 the quaternary ammonium bonding inhibitor, ahd the quat&@nary ammonium Nor e
preferable varigy d*‘a&f'h‘ﬂ% atdﬁgd&h r&n%w fcRC! ude the so- cal l ed

pattern densifie e resultan structure is

]g:hgr acteri zgd by ha\'lhflﬁe ﬁrdo‘ébgfstébeéMhélpﬁé‘séWHVeﬁtl@h domprisinb ahe d@bdsviu@g\/f )
I ber enS| and ns es, 0 lve i ber
density. The the; RAP<Tiek! o Hpets o El*]Féé’ﬁiﬂa%‘ﬂ'fac?%é{’:fbﬁﬁﬁ%é‘bgé field
of pillow regi oneb, ﬂl'ﬁémpe of tﬂ@nevemw alsm includes the farmation\od multipledapet t o
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substantially avaid corH) H ield This, i s preferably
pressure eve ope by opposmg mechanical members, for example,
cylindrical rolis. Because of the substantial pressures needed to de-water
the web in this fashion, the resultant webs made by conventional feit
pressing are relatively high in density and are characterized by having a

uniform density throughout the web structure.

In the process step of the present invention comprising the transfer of
the semi-dry web to a Yankee dryer, the web is pressed during transfer to
the cylindrical steam drum apparatus known in the art as a Yankee dryer.
The transfer is effected by mechanical means such as an opposing
cylindrical drum pressing against the web. Vacuum may also be applied to
the web as it is pressed against the Yankee surface. Multiple Yankee dryer
drums can be employed.




acconplished by fluid pressure, such as with a vacuum type device or bl ow
t hrough dryer, or alternately by nechanically pressing the web agai nst an’
array of supports wherein the high bulk field is not conpressed. The
operations of dewatering, optional predrying and formation of the densified
zones may be integrated or partially integrated to reduce the total nunber

of proa%sgg steps perforned. The noisture content ofpciiSoehsdiv-dry web
at t he pmh%g‘())f transfer to the Yankee surface is | ess than about 40% -
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herein by Europeare Ratent Publication No. Nb &7 plee Afl ablyland: elcakbnpullished web i s
Fabric by fhe ommBel 2, 1964, THropein data P N O T A Per
her mal 13 prediotBans ptab adbisher Septemper 21, 664 difor whih G Eppored;
maki ng pr ocesderein by referencednot her vari ati on of the processing steps

I ncl uded within the present i nvention |ncludes the forpation of
so-cal | ed unconpacti@dformmpaiter densified webg,dhe;wek.dransfer sten yyoedidtely ssue
paper st ruct urafier Sorhing thetwebdgtord fueshinghfabric ratheb thatabefelt. Nthe ®eBlig, 000

| ssued to Jos i r i I ; 1,
1974, and U, s?%gé’%srﬁ%a%#ﬁ%?o%ﬁ%gfgf@?ﬂgcﬂ%frﬁg‘ﬁrt?g fmﬂéfaﬁé%%pg Al bert
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i ncorporated hmnesin the web at thedecatioms geographically conmrpspdneing to the points pat t er n
densi i ed, ”“'&f'obh@aé?%‘éﬂvédfrﬁﬂé?arﬂéy)ﬁ s&;:;p’dr't‘étéHaet‘he%& W1 PFhE Femdinder
depositing a paper naking turnish’on_ a toramnous formng Wre such as a
of the web not compressed during this operation is referred to as the high
bulk field. This high bulk field can be further dedensified by application of
fluid pressure, such as with a vacuum type device or a blow-through dryer.
The web is dewatered, and optionally predried, in such a manner so as to
substantially avoid compression of the high bulk field. This is preferably
accomplished by fluid pressure, such as with a vacuum type device or blow-
through dryer, or alternately by mechanically pressing the web against an
array of supports wherein the high bulk field is not compressed. The
operations of dewatering, optional predrying and formation of the densified
Zones may be integrated or partially integrated to reduce the total number of
processing steps performed. The moisture content of the semi-dry web at

the point of transfer to the Yankee surface is less than about 40% and the



Fourdrinier wire to forma wet web, draining the web and renoving
a. oha ot pavav Fe-ehart o CORP eSS STHo ot e b hasafibel’
consi stency of at |east 80% and creping the web. \Water is renoved from
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vacuum deweweomssipiand t hermal drying. The resul ting struct RFEUSYAPY 5 sof t
but weak high bul k sheet of relatively unconpacted fibers. Bonding

material is preferably applied to porti ondtof the web prior to creping.
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91. As the Fourtiokharrissued Julkds 1985,rall wfnwhigh are ineorppratestk hereirvin by
t he arrow, showefgreA&e. Clean it prior to its comenci ng anot her pass over
breast roll 86. At web transfer zone 93, the enbryonic web 88 is
transferred t o aviésir preferably, the remibrybnicr web 96 tauseketoaconformofo tteecuum
transfer box 97 rd epaels® d ; ;ﬁﬁn . er
zone 93 past vascutﬂlfuar(fla o%h&%tééﬁg&l%@m@'?ﬁlb ﬁ?%%@fb oﬁ’?‘ﬂ%ﬁé’ﬁ%é@&r yers
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low density paper making process.

Another variation of the processing steps included within the present
invention includes. the formation of so-called uncompacted, non-pattern
densified, multi-layered tissue paper structures such as are described in
U.S. Patent No. 3,812,000 issued to Joseph L. Salvucci, Jr. and Peter N.
Yiannos on May 21, 1974, and U.S. Patent No. 4,208,459, issued to Henry
E. Becker, Albert L. McConnell, and Richard Schutte on June 17, 1980, both
of which are incorporated herein by reference. In general, uncompacted,
non-pattern densified, multi-layered tissue paper structures are prepared by
depositing a paper making furnish on a foraminous forming wire such as a
Fourdrinier wire to form a wet web, draining the web and removing
additional water without mechanical compression until the web has a fiber
consistency of at least 80%, and creping the web. Water is removed from




turning rolls 101 after which the web is transferred to a Yankee dryer 108
by WD 96/ 33310 ‘
PCT/ US96/ 03819 23 t he action
of pressure roll 102. The carrier fabric 96 is then cl eaned and

dewatered as it conpletes its |oop by passing over and around additi onal

t urni ng row&%m;‘b showers 103, and vacuum dewat eri ng box ptQr;sosiéd819
predried paper i s adhesively secured to the cylindrical surface of

Yankee dryer 108 ai ded by adhesive appligs by spray applicator 109.
Drying is conpleted on the steam heated Yankee dryer 108 and by hot air
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si de | ayer 71 matesal isprefegably appliechts pomtierns ofthe web-priatdo ceaping. 75.  Paper
sheet 70 then passes between cal endar rolls 112 and 113, about a
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delivered thr Cbtébké@tﬁbtﬁwug@h gt i dbectiade 81, and which furnish forns
| ayer 88a on top of |ayer 88b of enbryonic web 88. Although Figure 1

shows paper machi neFigdrendvisn@ bchathatic ®f repegsestition rituhtsatmg lar peefeapdr
web, “headbox f’&Tﬁea(mahf & " i:SSbé/nﬁ&u@%% s! 6f TRk CpréBbAY Giveiioh "or| ayer

or other mult ect t maki ng paper
sheet 70 enbocWP "t’fhé S;S'Pé‘ge??ﬂd soft crepgg ﬁfﬁ'%ﬂé%?l' b EH?S ‘FTFH% 80,
Fi gure 1, t he facilitating goenpaasition. 85 his preferred érabodiment iis alesotbed dvithg

rel atively smabliowiRgifsclissibn! WhSKRH refétehb&is made Y Pighps1| engths of the
fibers constituting the short fiber furnish so that good formation

wi Il occur; and tighrer dmishasiderelevatiohabriew W & hprefetrédh\paperrhaking
Tengt b s a8 MEChkn BERLY BRRE Sl DIRE R RANEDT ||
obvi at e bul ki rfiReferies i Figusg de raapeme @abw&hm ROpcompHiseh @ layesed
filamentary spraebooB1thavirigltop cAdmbért 82 a centdr chamiberiB2bp ahda bottoness
conditions forRifaP@3C% B Poaf SPRAE PGS HrinRr wirdB @hfth i¥Rbded over
' and about breast roll 86, deflector 90, vacuum suction boxes 91, couch roll
92, and a plurality of tuming rolls 94. In operation, one papermaking furnish
is pumped through top chamber 82 a second papermaking furnish is
pumped through center chamber 82b, while a third furnish is pumped
through bottom chamber 83 and thence out of the slice roof 84 in over and
under relation onto Fourdrinier wire 85 to form thereon an embryonic web
88 comprising layers 88a, and 88b, and 88c. Dewatering occurs through
the Fourdrinier wire 85 and is assisted by deflector 90 and vacuum boxes
91. As the Fourdrinier wire makes its return run in the direction shown by
the arrow, showers 95 ciean it prior to its commencing another pass over
breast roll 86. At web transfer zone 93, the smbryonic web 88 is transferred
to a foraminous carrier fabric 96 by the action of vacuum transfer box 97.
Carrier fabric 96 carries the web from the transfer zone 93 past vacuum
dewatering box 98, through blow-through predryers 100 and past two
turning rolls 101 after which the web is transferred to a Yankee dryer 108 by
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dried to about 80%fiber consistency, and nore preferably to about 95%
fiber consistency prior to-creping. E Fi'gUre 2 is a schematic
representation illustrating a preferred enbodi ment for the process step

of i ncorpor WO gsg33e crepe facilitating conposi tion of R‘FF@’%F’%t

i nvention. The follow ng discussion, with reference to Figure 2,

describes this preferred enbodi nent. 23 A storage vessel 1 is

provi ded for staging. an ueous sl u .relatively |on aper maki ng
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itive pipe 13 . 0
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white wat er coreal 1% dispesed poshaft 1385 an punp 14 to provide for dilute
short aper naki fiber. slurry 16, . ref er abl, t he or.t
paper maki ng Pi ber slggprﬂf?efé'”gr@n#é“@r"e the; genesis 8Fr\§é{f(88’sﬂ‘# t’%’p?ﬁfoér red
paper neki [lgl pr opaper isheet 70atsethe durtfisjupempednthrosgh bottdimichacbent&3 tofio
approxi mately e : r ;
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and Yankee- si deWE"éf)%PpWﬂ,t %é’ﬁ%%?ﬁy\?é c of empyanic yweb %o#" e&@éﬂ? ofiteeue
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ayer of th sOft cre IS er

into center ; e strong, sue_paper- )
The advant ages rBgigeresis:qfthe gii-Yankesrsida layer 45 of parey eweh 70 is the fumish; on
I ncl ude: - delivered through top chamber 82 of headbox 81, and which furnish forms

layer 88a on top of layer 88b of embryonic web 88. Although Figure 1
shows papermachine 80 having headbox 81 adapted to make a three-layer
web, headbox 81 may aiternatively be adapted to make unlayered, two iayer
or other muiti-layer webs.

Further, with respect to making paper sheet 70 embodying the present
invention on papermaking machine 80, Figure 1, the Fourdrinier wire 85
must be of a fine mesh having relatively small spans with respect to the
average lengths of the fibers constituting the short fiber furnish so that good
formation will occur; and the foraminous carrier fabric 96 should have a fine
mesh having relatively small opening spans with respect to the average
lengths of the fibers constituting the iong fiber furnish to substantially
obviate bulking the fabric side of the embryonic web into the inter—
filamentary spaces of the fabric 96. Also, with respect to the process
conditions for making exemplary paper sheet 70, the paper web is
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The percent crepe can be reduced w thout producing the usual

operational difficulties or degradation of web softness which woul d exi st
wi thout the features of the invention: and b) The benefits are
gai ned wi t yids83qgense of losing strength of the - web pegesiiagioOn t o

t he Yankee dryer. Wt hout wishing to be bound tlJ,y theory, or to
otherwise limt the present inventpgn, the follow ng discussion is
of fered for explaining how the addition of the crepe facilitating,
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pr esent strength is desired,
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Sul tabl 6 1ypesnyel ft SR Pﬁé%ji%'ﬂ%%ﬁ@ﬁ? b el Blivide %@%Yj;%, 623,

i ssued on Oct ffethes #arbpxymethyh, pelluipse. oAdditives pine 1 rRBNGYSeR Banding73,
inhibitor component of the crepe facilitating composition. The slurry is
further conditioned in a mixer 12 to aid in absorption of the additives.
Additive pipe 13 conveys a cationic starch component of the crepe
facilitating composition. The suitably conditioned slurry is diluted with white
water 7 at the suction of a fan pump 14 to provide for dilute short
papermaking fiber siurry 16.

Preferably, the short papermaking fiber siurry- 16 from Figure 2 is
directed to the preferred papermaking process illustrated in Figure 1 and is
divided into two approximately equal streams which are then directed into
headbox chambers 82 and 83 ultimately evolving into off-Yankee-side-layer
75 and Yankee-side-layer 71, respectively of the strong, soft creped tissue
paper. Similarly, the long papermaking fiber slurry 15, referring to Figure 2,
is preferably directed into headbox chamber 82b ultimately evolving into
center layer 73 of the strong, soft creped tissue paper.

The advantages realized through the practice of the present
invention include:
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process so long as they do not significantly and adversely affect the
softness or improved creping efficiency aspects of the present invention.
The following materials are expressly included, but their inclusion is not
offered to be all-inclusive. Other materials can be included as well so long
as they do not interfere or counteract the advantages of the present
invention. |

If permanent wet strength is desired, the group of chemicals: including
polyamide-epichlorohydrin, polyacrylamides, styrene-butadiene latexes;
insolubilized polyvinyl alcohol;, urea-formaldehyde; polyethyleneimine;
chitosan polymers and mixtures thereof can be added to the papermaking
furnish or to the embryonic web. Polyamide-epichlorohydrin resins are
cationic wet strength resins which have been found to be of particular utility.
Suitable types of such resins are described in U.S. Patent No. 3,700,623,
issued on October 24, 1972, and 3,772,076, issued on November 13, 1973,



Anal ytical and Testing Procedures Quantitative techniques to

determ ne the constituent of the crepe facilitating conpounds present in’
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mul ti-layered tissue paper, as that termis used herein, is the average
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caliper, wth the appropriate unit conversions incorporated therein.

Caliper of the multi-layered tissue pap26 as used herein, is the
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starch or other resins with aldehyde functionality such as Co-Bond 1000®
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 reference. :

If enhanced absorbency is needed, surfactants may be used to treat
the creped tissue paper webs of the present invention. The level of
surfactant, if used, is preferably from about 0.01% to about 2.0% by weight,
based on the dry fiber weight of the tissue paper. The surfactants preferably
have alkyl chains with eight or more carbon atoms. Exemplary anionic
surfactants are linear alkyl sulfonates, and alkylbenzene sulfonates.
Exemplary nonionic surfactants are alkyiglycosides including alkylglycoside
esters such as Crodesta SL-40 which is available from Croda, Inc. (New
York, NY); alkylglycoside ethers as described in U.S. Patent 4.011,388,
issued to W. K. Langdon, et al. on March 8, 1977, and alkylpolyethoxylated
esters such as Pegosperse 200 ML available from Glyco Chemicals, Inc.
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88 thOdMiddd  under the tradename Rezosol® and Unisoft® by Houghton
Intemational of Valley Forge, PA and the Crepetrol® tradename by
Hercules, Inc. of Wilmington, Delaware. These can also be used with the
present invention. While not being bound by theory, it is believed that
spray-on adhesive products act primarily as web adhesion maodifiers, whiie
the crepe facilitating composition of the present. invention acts as a web
cohesion modifier, therefore, the use of a suitable Yankee adhesive will
often complement rather than compete with the performance of the internal
crepe facilitating composition disclosed herein.

Preferably the web is secured to the Yankee dryer by means of an
adhesive selected from the group consisting of partially hydrolyzed
polyvinyl alcohol resin, polyamide resin, polyamine resin, mineral oil, and
mixtures thereof. More preferably, the adhesive is selected from the group
consisting of polyamide epichlorhydrin resin, mineral oil, and mixtures
thereof.

The above listings of optional chemical additives is intended to be
merely exemplary in nature and are not meant to limit the scope of the
invention.

The multi-layered tissue paper web of this invention can be used in
any application where soft, absorbent multi-layered tissue paper webs are
required. Particularly advantageods uses of the muiti-layered tissue paper
web of this invention are in toilet tissue and facial tissue products.
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EXAMPLE 1 The dénisify c@hﬁﬂmlé‘yéré& HsduePdper Cadinat R is UsBA PRFth] Ng 2
preferred . ﬁﬂbodl nment “of. t resent,. | ;hva ntion ushi}%the EI | geéfcal e
Fourdri ni er. IS the average ﬁ?P%ﬂLﬁ?@?}Ea@ (Fs-Pefasigeight Qb KAt Papet giy: ency is
made up usi ngby the caligarnwitht thenagpropriiate ruritncbnversiass aworporateghtheraihock pi pe
toward the  ggliper of the multi-layered tissue paper, as used herein, is the thickness of

the paper when subjected to a compressive load of 95 g/in2 (15.5 glcm?2).

B. Molecular Weight Determination

The essential distinguishing characteristic of polymeric materials is
their molecular size. The properties which have enabled polymers to be
used in a diversity of applications derive almost entirely from their macro-
molecular nature. In order to characterize fully these materials it is essential
to have some means of defining and determining their molecular weights
and molecular weight distributions. It is more correct to use the term relative
motecular mass rather the molecular weight, but the latter is used more
generally in polymer technology. It is not always practical to determine
molecular weight distributions. However, this is becoming more common
practice using chromatographic techniques. Rather, recourse is made to
exprassing molecular size in terms of molecular weight averages.

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

n = SNiM
S Ni
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C. Quantitative Analysis For Quaternary Ammonium Compound

For example, the level of the quaternary ammonium compound, such
as Di(Hydrogenated)Tallow DiMethyl Ammonium Chloride (DHTDMAC),
retained by the tissue paper can be determined by solvent extraction of the
DHTDMAC by an organic solvent followed by an anionic/cationic titration
using Dimidium Bromide as indicator.

These methods are exemplary, and are not meant to exclude other
methods which may be useful for determining levels of particular
components retained by the tissue paper.

The following examples illustrate the practice of the present invention
but are not intended to be limiting thereof.

EXAMPLES

The purpose of these examples is to illustrate the advantages of the
present invention for efficiently producing strong and soft creped tissue
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An aqueous slurry of eucalyptus fibers of about 3% by weight is
made up using a conventional repuiper.

The eucalyptus is passed through a stock pipe where the
constituents of the crepe facilitating composition are added.

The carboxymethyl cellulose is added first. The carboxymethyl
cellulose is first dissolved in water and diluted to a solution strength of 1%
by weight. Hercules CMC-7MT® is used to make-up the CMC solution.
The aqueous solution of CMC is added to the aqueous slurry of eucalyptus
fibers at a rate of 0.25% CMC by weight based on the dry weight of the
eucalyptus fibers. The aqueous slurry of eucalyptus fibers passes through
a centrifugal stock pump to aid in distributing the CMC.

The bonding inhibitor compaosition is added next. The bonding
inhibitor composition is DiTallow DiMethyl Ammonium Methyl Sulfate
(DTDMAMS). Pre-heated DTDMAMS (170°F) is first slurried in water
conditioned by pre-heating to 1709F. The water is agitated during addition
of the DTDMAMS to aid in its dispersion. The concentration of the resultant
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thr egichambered headbox is useds Thesucalyptus slurry containing 86% ng
Fourdrini er wir ef the dmdueugmd@wweemmﬁhaeé papérR divecled @ lcAGMPErs [¥AdIRF t8!M

each of the two outer layers, while the NSK slurry comprising 20% of the dry
weight of the: ultimate. paper is directed to a chamber leading to a layer
between the two eucalyptus layers. The NSK and eucalyptus slurries are
combined at the discharge of the headbox into a composite siurry.

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

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

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

While remaining in contact with the pattemed 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 ihe surface of a Yankee dryer
with a sprayed creping adhesive comprising a 0.125% aqueous solution of

A



The enbryonic wet web is transferred fromthe Fourdrinier wre, at a

fi ber consistency of about 15% at the point of transfer, to a patterned
formng fabric of a 5-shed, satin weave configuration having 84 machi ne-
direction and 76 cross-machi ne-direction nonofilaments per inch,
respectively, and about 36 % knuckl e area. Further de-watering
S accorrpl"{,égﬁ:ﬂ3 y vacuum assi st ed drai nage until thecyalsebessie fi ber
consi stency of about 28% While remaining in contact with the
patterned formng fabric, the pattegped web is pre-dried by air

bl ow-through to a fiber consistency of about 62% by wei ght.

The sem adry B6Ipving! AIbHbl AdtHer &tdping ddmesiveris defivertd do Yee ekl Mafce with'
a sprayed crepjng.a | : n o

pol yvi nyl al c%h%%te%@ﬁﬁggﬁﬁgvééﬁgi%%ﬁgs@fé@g% 8Fﬁ$[e“’§(€inkee surface
at a rate of 0.1 Yadfigsicbhssincyds %%e@ﬁobB&u@bﬁ%Wﬁi@ﬁhﬁveb!i@dt}Eb-

The fi ber consi st?gﬁ_cxé_él S Jhcreased to abggtd 96% before the web is dry
creped from t FEPed feaLthe Yankee yyih 8 Aopoq de. ~ The doctor blade
has a bevel angle ffle gROM Hiaud HCE ol anble. of 2BBR 0BGl dhd BSPect to
t he Yankee dryer to provide an i ay ﬁmgl e " of ls out . cggﬁrgsf

The percent cPesion ﬂdhd§§%ﬁﬁt‘%qg% FReBAYRF t9JAPUER AN IPRACY ARG

dryer at abouabdifiTefdugrééset per mnute) (about 244 neters per minute),

while the dry web is formed into roll at a speed of 656 fpm (201 neters per
m nut es) . The percent crepe is adjusted to about 12%3oy opgrating the:Yankaey is: 1.

D) *a Gr epe f oCYEF B B0BAP B00 MRAPI16SH B minute) (@Doub I MBIEOPeT ALIE), ANC o
to about 1.00¥Ble s @’Pftq’,”elbig) &Wﬁﬂd&ﬂd"mt a speed of 7.°r‘?hTPB? Pap,m%%%gg%n t he

dry wei ght of mirhgegjaper naki ng fi bers; 1i) fromabout 0.02%to about
0.5% by weight, of _a water sol ubl e, car hoxynet hél c?l I uldpse,
based on the dry wEngMebds copuerted into a three-jayge SiRaleply FiepEr Patteme

iii) from abgensifledséucpaper producdtf dhyoutdiBdh per 800G ft€ babiswaight.
starch based on the dry weight of the papernmaking fibers,

wher ei n sai d bondi ng i nhi bitorcOMAARATIVE ERAMPAME ght ratio
relative to the carboxynmethyl cellulose of about 1:5 to about

5:1 and wherein safuisbeomipacativehiekample, i illustratest ar neference process notinmoni um
conpound. incorporating the features of the present invention. This 'p'rt)i_:_ess 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
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
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.

An aqueous slurry of eucalyptus fibers of about 3% by weight is
made up using a conventional repulper.

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



2. The tissue paper of claim1 wherein sal d papermaking fibers

c

1—-be+s—aﬁd—se+t-vmd—f—|—bers sai d

har dwood fibers conprising at |east about 50% and said sof t wood

fibers conprisi
ti ssue paper of

ng at |east about 10% of said paperneking fibers. 3.
claim2 wherein said tissue paper conprises at

two super po¥eQI94/339Wr s, an i nner |ayer and at |east one out ePCT’Us“’“?'?‘ay
contiguous with said inner |ayer. 4. The tissue paper of claim3

wherein said ti

ssue paper corrpri ses 38hr ee super posed | ayers, an

| ayer and two outer |a ers i nner | ayer bein cat ed bet
y y y lﬁ?%e%a we

two said outer

| ayer Ehé 5‘9!'"95 %é\ﬁ’ﬁs%nl}é sucalyPles are 5 Qi 3 wylty

_inner |ayer conghdrseted headboxosuitabidefiiibped withviapgring lcavesaganbiataih ithe

greater than at
2.0 mm and sali

%L%%ﬁé a@lggyérate Iagers until discharge gnto. %travelhnngourdnmer wite.
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wherein the sof ptpeddryi Weight 60 the Ulimate papen tiretted tofshammbser&iedding itber s

and the har dWOOQa%H gﬁf\% %%Eérﬁ&%rs whlleefﬁ%arg%ﬁ?l%ﬂ?g%ﬁngdaggb% of ch "dry

ti ssue paper of
contained in at

weight of dhe uimate; parsrt @rdir%gted Joa cgam errmac{mg;g«a@ feE

The
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paper of claim
wei ght rangi ng

frru? ewatered asmsteé gy a fe%lector and vacuum boxes.

The embryonic wet web is transferred from the Fourdrinier wire, at a

fiber consistency of about 15% at the point of transfer, to a patterned

forming fabric of a 5-shed, satin weave configuration having 84 machine-
direction and 76 cross-machine-direction monofilaments per inch,
respectively, and about 36 % knuckle area.

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

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

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

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

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

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



11. The tissue paper of claim 10 wherein the carboxynethyl cellul ose

has a degree of substitution ranging fromabout 0.3 to about 1.4. 12.

The tissue paper of claiml wherein the cationic starch has a degree

of substitution ranging fromabout 0.01 to about O.1. 13. The tissue
paper of clain112 wherein the cationic starch is derived from waxy

mai ze. Ehgoti ssue paper of claim1l wherein the quapgpgadensfemoni um
conmpound has th ?ornula [err] .
37 wherein mis 1 to 3; eagy Rlerr] is a (Jerr]-Clerr] alkyl
group, hydroxyal kyl group, hydrocarbyl or substi tuted hydrocar byl

group, al koxyl at ed THeOwsb idetrrtedriftiPa tiree-layer, sﬁbl@-#&&ﬁeéé’tﬁbﬁ@éme

o sl {?La%‘éé%']bvﬁdb%‘*'°J%fb%§f’?(%%€%°3§§%j% B8 or o, o
m xtures thereof; f mplet 'aﬁd%'ﬁfnﬁéi%ﬁ@é‘ ;a,ﬁegpfg;em ?e?rom g%_h . The

ti ssue paper of clal erein each R&err err]-Clerr]
al kyl and eacI?"REp‘ia? £3nge &) RTPYRRtCOVERYINI 2 dlutterigs «of the weh fn i ssue
paper of cl ai nedsiomtarr smappirag lirdRh diigh tessiomt hgbnmmlngqtbe rBeriefits of the

quat er nary amisar e b a"&&%‘:‘*@e‘éﬁz s8R Coffbriaite a1 1Ne
ammoni um chl othg&Exampig 1 W?Hg:e?? Pegpuced gl o"!"“ Ingi sRegsl GRffaster and iS

quat er nary amjudgedisofter by acmaneb ofiexpest ddges/dr ogenat ed) t al | ow di net hyl
ammoni um et hyl sul fat e.

What is Claimed is:



19. , The tissue paper of claim14 wherein the R2 SUbStltclmmL"“ﬂ\lmmmﬂML
f rom vegetabte ort—sources: 20— Hre—tt+sste—pape+——of I d-—

bondi ng inhibitor is present inaratiorelative to tHhe ¢ar oxyrret hyl
cellul ose of about 1:2 to about 2: 1. 21. A process of nmaking a
creped tissue paper conprising the steps of: a) form ng an aqueous
slurry of paly&96@8¥® ng fi bers; o PCT/US96/03819 38
b) "adding a crepe facilitating composition conprising: i) from
about 0.02%to about 1.0% by wei ght, odsa bondi ng _ i nhi bi tor,
based on the dry wei ght of the paper neking fibers, wherein
said bonding inhibitor is a quat er nary anmmoni um conpound,;

ii) fromabout 0.02%to about 0.5% by weight, of a water soluble
car boxymet hyl cellul ose, based on the dry weight of the

paper maki ng fi bers; and 1ii) fromabout 0.05%to about 3.0% by
wei ght, of a Cat1L0nlasoftcrepedtlssueﬂpﬂr%aré@?@rﬁ@dqmﬁéﬁté&ﬂpﬂﬁsght of the
paper neking fibers; wherein said bonding inhibitor is present

in aratio relative @ppapermaking fibers;tand car boxynet hyl cel | ul ose of about
1:5 to about 5:1; cg depositing the papermeking fibers on a
forani nous surface spB) @ crépe faciltatingcompasition.camprisig@:er used to formthe

| i d enbryonic
Cransterring the enbryini ToRB0F% R LBTSISGH BLE shdine inpibiar based
the water renoval continuesthednyiwerjght afdhe papgrmaking fiberd, wherein said

carrier surface being sel pgicd fdfﬁﬁﬂdr@p&”fé’r‘éﬁlycé’a%t%}dé??aﬁfmonlum
paper maki ng felts and forgrgﬂ?w_ﬁﬁrlcs transterring the sem -dry

web and securing it to th e of a Yankee dryer upon which

the drying is conti nueﬂ %,Jnlo 6% toOS%é:Iywealg y\gp?rvfara#h%z %SUbSt antially

dry condition; f VI nkee dryer by
mazms of 2’%’ 9’& %ﬂelossnaased on thg dry weightiafdhe he creped web
on a reel. 22. The paperamkingf fibersm Wherdiar eihe tbﬁ'bﬁ?ﬂﬁémwe&éﬁuléée sai d
crepe facilit E,qqggo | N d'% aqueous
di spersi ons tg’tééal ueéo@I ul'Ja?r elgﬁ ﬂ E‘ﬁﬁ@[{ﬁ?g ongérs prior to
deposi ting the 00 000 and a degree of substltutlon ranging from 0.3 to 1.4;

and

iy from 0.05% to 3.0% by weight, of a cationic starch based on
the dry weight of the papermaking fibers, wherein the cationic
starch preferably has a degree of substitution ranging from
0.01to0 0.1.

2. The tissue paper of Claim 1 wherein said bonding inhibitor is present
in a weight ratio relative to the carboxymethyl cellulose of 1:5 to 5:1,
preferably from 1:2 to 2:1.

3. The tissue paper of Claim 1 or 2 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, wherein the
softwood fibers preferably comprise northern softwood Kraft fibers
and the hardwood fibers preferably comprise eucalyptus Kraft fibers.

4. The tissue paper of any of Claims 1 - 3 wherein said tissue paper
comprises at least two superposed layers, an inner layer and at least
one outer layer contiguous with said inner layer, preferably said
tissue paper comprises three superposed layers, an inner layer and
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;i‘gber%on :sl'ﬁiadp]; g(rzggn'sng?scfglr%acgz wherein the quaternary 4"“"”"“"!”"‘!'”"‘

conpound i s added prior to the cationic starch. 7~ ocess OF cd ai*m |
23 wherein the carboxynmethyl cellulose is added to sald aqueous

slurry before the quaternary anmoni um bondi ng i nhi bitor. 25. The
process of ' 1 wherein said carrier surface is a for fabric
such t hat g’%’gs@lésue paper is pattern densified. %{é’g%%ggselgs of
claim 25 wherein the noisture contentzggof the sem - dry web at the

point of transfer to the Yankee surface I's |l ess than about 40% 27.
The process of claip, 2Rudhgsets) slam irfHiek 1hyer 98if qoééié&’%!%g Gwo said

sem -dry web whlleh??e sen?& I's odﬁ%al ormng fa r?i form

a low density struc?!-‘lﬁ'eayers% The process of claim 21 wherel n sal d web is

ar oup consi st g ofhe tissue adibaiebr Llalffalingiei heff ikl BB cBEPFes | T ' "¢
pol yani de resin, SOﬂWO%If'gafﬁ hevmesannavqsagqmgie greaten tharp Bl drash 2@si n,
mneral oil, and mm, aﬁdxéalﬁemtéhﬁﬁai comptle haRIWORHOABEE RaviAgaamn 28

wherein said adhesiy e group consisting of
pol yam de epi chl or 8%%@9343&‘ sgqh;ﬁﬁ@a‘f"“‘m |, and m xt ures thereof.
6. The tissue paper of Claim 4 or 5 wherein the crepe facilitating

composition is contained in at least one of said outer layers,
preferably the crepe facilitating composition is contained in both of
said outer layers.

7. The tissue paper of any of Claims 1 - 6 wherein said creped tissue
paper is pattern densified paper.

8. The tissue paper of any of Claims 1 - 7 wherein the quaternary
ammonium compound has the formula:

(R1)4-m -N" - [R2lm X~

wherein

mis1to3;

each R1 is a C4-Cg alkyl group, hydroxyalkyl group, hydrocarbyl or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof, preferably C1 - C3 alkyl, most preferably methy!;
each R2 is a Cg-C41 alkyl group, hydroxyalkyl group, hydrocarby! or
substituted hydrocarbyl group, alkoxylated group, benzyl group, or
mixtures thereof, preferably C16 - C18 alkyl; and

X is any softener-compatible anion, preferably chloride or methyl
sulfate.

8. The tissue paper of Claim 8 wherein the quaternary ammonium
compound is di{hydrogenated)taliow dimethyl ammonium chloride or
di(hydrogenated)taliow dimethyl ammonium methyl sulfate.

10. The tissue paper of Ciaim 8 wherein the Rz substituent is derived
from vegetable oil sources.
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