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A process for dry creping tissue paper comprising the application of creping adhesives in at least two steps. The adhesive ipphed in
at least onc of the steps is a polyvinyl alcohol while the adhesive applied in at least one other step comprises a water- soluble, thermosetting,
cationic polyamide resin. The process provides high adhesion and doctorability for dry creping.




is continued either by nechanically conpacting the paper or by sonme other
de- "wat eri ng met hod such as tHrough-drying with hot air, before finally
being transferred  in the sem-dry condition to the surface of the
Yankee for the drying to be conpl et ed. WO 97/ 44526
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The inpact of weoes7adszéred web with the doctor bl ade is essentRCIUHEFpar t
to t he paper web the properties which are sought by manufacturers. O
particul ar | nportance are softness, strength and bul k.

Softness is the tactile sens@g’gggsm@g@mgmsmm as he/she hol ds
a particul ar product, rubs TT across hrs/her skin, or crunples it

wi t hin his/her hand. This tactile sensation is provided by a

conbi nati on of several physical properties. One of t he nost inportant

physi cal properties related to softne@;}wfp@@%]iy consi dered by

those skilled in the art to be the stiffness of the paper web from which

t he product is made. Stiffness, in turn, is usually considered to be

directly dependent on Thie inventiongrelates, in generple toedseped tissue paper producthgnd i s

the ability of thgroBsselCMors BkcificallyC AN FldtdsURNErVErePed {isdudPhptirdiwherein an
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generally add to the.cl ot.hl ik absor bent perception. A portion of the
bul k of a tissue %3%&7%%*"3&1 nparted by creping. The | evel of

adhesi on of the papermaking web to the dryer is also of vital
I mportance as it relates to the control of the web in its travel in the

space between the creping bl ade and the w nder upon which a roll of the
paper is being fornmed. Wbs BAGK OFTHE adhered tend to
cause poor control of the sheet with consequent difficulties in formng

a uniformreel of papeganitdly!papet tisstie PRIGubS HBPell NSed. Suck itBRSire@BAnleRfally €€

will result in ergﬁél x‘% f Olsdt%%f or wea%{ n%l of Hﬁdgﬁg ofi t héa p
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converted into t h&letéo%lsnlljo% 3{2&.»,5 %\Q/e\lvlugl{ %Cgl'tsginate, the so-called creped papermaking
process, _

Creping is a means of mechanically compacting paper in the machine
direction, The result is an increase in basis weight (mass per unit area) as well as
dramatic changes in many physical properties, particularly when measured in the
machine direction. Creping is generally accomplished with a flexible blade, a so-
called doctor blade, against a Yankee dryer in an on machine operation. This blade
is also sometimes referred to as a creping blade or simply a creper.

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 mechanically compacting the paper or by some other de-
watering method such as through-drying with hot air, before finally being transferred
in the semi-dry condition to the surface of the Yankee for the drying to be completed.



The | evel of adhesion of the papermaking web to the dryer is also of vital
i nportance as it relates to the drying of the web. Higher |evels of

adhesi on reduce t he i npedance of heat transfer and cause the web to dry
faster, enabling nore energy efficient, higher speed operation.

However, the wevspdsspf adhesion is not the sole factor deter recnusayopsseduct
quality and manufacturing reliability. For exanple, sone adhesives have

been found to forma bond between the Xveb and the doctor blade at the
poi nt of creping such WO 97/ 44526 '
PCT/ US97/ 08357 3 t hat

the web does not dis]odge properly so that portions of the web renmain
adher ed to the dFWmP&ﬁcPft‘?"aﬂf%Freﬁa@P withdhe dortordiladeivessentialdto imparttoc auses
a defect in thethecpaper webite ptdpenties aulichsart ougi byt Mamif®alters. Of particular
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urt her ile mﬁﬁg@*g%ﬁﬁﬁ-ﬁﬁéﬂgﬁg&'%‘ka esive on e dryer is

essenti al , excessi ve reaks can be formed wth sone types
of adhesives. Streaks can cause differences in the profile of adhesion
across the width of SdRmesk iy elie tadtilé Sensation paiteived by thel ddnsumivPSs Bé/shéfHoldélaes i N
the finished roll.: argﬂ'ﬁ’ LS s o eags Of It i oned
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One inportant characteristic of a creping adhesive is that it be
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' portion of the bulk of a tissue paper web is imparted by creping.

The level of adhesion of the papermaking web to the dryer is also of vital
importance as it relates to the control of the web in its travel in the space between the
creping blade and the winder upon which a roll of the paper is being formed. Webs
which are insufficiently adhered tend to cause poor control of the sheet with
consequent difficulties in forming a uniform reel of paper. A loose sheet between the
creper and the reel will result in wrinkles, foldovers, or weaving of the edges of the
sheet in the rolled-up paper. Poorly formed rolls not only affect the reliability of the
papermaking operation, but also the subsequent operations of tissue and towel
manufacture in which the rolls are converted into the tissue and towel products.

The level of adhesion of the papermaking web to the dryer is also of vital
importance as it relates to the drying of the web. Higher levels of adhesion reduce
the impedance of heat transfer and cause the web to dry faster, enabling more energy
efficient, higher speed operation.

However, the level of adhesion is not the sole factor determining product
quality and manufacturing reliability. For example, some adhesives have been found
to form a bond between the web and the doctor blade at the point of creping such



t he sheet to-the dryer occurs by neans of the creping adhesive deposited in

previous passes. There is a natural tendency of paper
maki ng web to adhere to the cylindrical dryer owing to the build up of
deposits of water-sol uble conponents of the paper web. These wat er

sol ubl e conmporRsu4zr m an adhesive filmwhich is re-wet at PREUST085E;n¢

of transfer of the web to the cylindrical drum The needs for specific

| evel and type of adhesi on however has gnduced consi derable activity
anong researchers in the field. Consequently, a wide variety of creping
adhesi ves ar e knahst thewwethdoambt dﬁlbdge propenlyeooliat portivas ofjthe evebfremain adimpéde,

has |ong been kngyn ebdryer and travele‘mst | fle @&% oft bladi?! Piis caules & efect it e Webd

i ncor por at ed hereln - pr 6cess i nprovi ng
t he adherence of %B@%Wlﬂéﬂ‘ﬁﬁ’@ tep of appl yi ng an aqueous
pol yvi nyl al cohol . WO 97/ 44526
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particul ar chal | efQfyiath d loss o iB& Bt of the paper web to the rotating
dryi ng cylinder. Th|s I's Decause the web is only secured to the dryer

cylinder in the high 1 1Y, rea Thls aILen es, t e not
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relatively higherghan esof@y&h‘p‘;mfehp&rceggggmﬁ@cy owi ng to the poorer
efficiency of the cy% i ndrical dryer arising fromthe | ower contact
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amount of water i'&e mwlm as ysgd h@ﬂe,trefeﬁemébn@shtwef maﬁheaweﬁh@rqmms Q¥
transfer of the the hedteddriing isiirface tey bé activated by the moisturé)cotitainedein thex somidey

Soerens, 10 U S oBRSHy iniife G901 DRI HALGED S e Rved dyin ShlcE" 5>

dlscloses an adhe5|ve I'ses an aqueous are o
marked increase in tack is indicative of a high rewettability. Rewettabxhty |s

important because only a portion of the drying surface is normally covered with
adhesive on a given rotation of the Yankee dryer. The majority of the adhesion of
the sheet to the dryer occurs by means of the creping adhesive deposited in previous
passes.

There is a natural tendency of paper making web to adhere to the cylindrical
dryer owing to the build up of deposits of water-soluble components of the paper
web. These water soluble components form an adhesive film which is re-wet at the
point of transfer of the web to the cylindrical drum. The needs for specific level and
type of adhesion however has induced considerable activity among researchers in the
field. Consequently, a wide variety of creping adhesives are known in the art. The
use of animal glue, for example, has long been known.

In addition, Bates, in U.S. 3,926,716 incorporated herein by reference,
discloses a process for improving the adherence of webs comprising the step of
applying an aqueous polyvinyl alcohol.



al cohol and a water-soluble, thernmpsetting, cationic polyanide resin.
Wil e a nunber of adhesives including these exanpl es have been di scl osed
and are avail able, no single adhesive or adhesive blend has provided a

satisfactory conbi nati on of doctorability, rewettability, and | evel of
adhesi on. WO 97/44526 Therefore, it is the object of the pPEEESIO$I/enti on
to provide a process for creping tissue paper which overcone these
limtations by offering an inproved |evel of adhesi on while

mai nt ai ni ng doctorability. Thi's and ot her objects are obtained

di scl osure. . . Y OF _THE] | NVENTI ON
The invention i SN o Rasticulary, desjaading when thespaper PERSESSris Ghile PaSisme
dryi ng surface densifiedsdategotyhcPattespdensified webs are chatit&ized 4% 26nes of relatively
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r opi ng. adhes varhersn fie e o8 alespi s dentiey a5 eontipupus and thedigh byl fld is o,
said first adhesliserstes onPne methgd af preparingipatteral demsifield; tissue papey welwpis yéfrgeda
second creping %%3&‘22?‘ Sir '9Rfing) € Phefdin AeaciArd webk 'oife ﬂﬁfic&l&t ﬂgp%gﬁ &8 the
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by means of sai ds éaly sécuredctostbe dryer cyliagerrig the higladémity ureas. t This kkallenges alee  Of
zg'ngl heat ed dry!gifersie nBF GntyBEAEH R thélloweP Surfike 8/2h U contack WAL bifyes Bl ' S
’ also because the web must be delivered to the rotating cylinder at a relatively higher
level of fiber consistency owing to the poorer efficiency of the cylindrical dryer
arising from the lower contact area. A web which has been dried to a relatively
higher fiber consistency is more difficult to adhere to the dryer because a lower
amount of water is available to rewet the adhesive film at the point of transfer of the
web to the dryer. '

In another example, Soerens, in U.S. Patent 4,501,640 incorporated herein by
reference, discloses an adhesive which comprises an aqueous admixture of polyvinyl
alcohol and a water-soluble, thermosetting, cationic polyamide resin.

While a number of adhesives including these examples have been disclosed
and are available, no single adhesive or adhesive blend has provided a satisfactory
combination of doctorability, rewettability, and level of adhesion.

Therefore, it is the object of the present invention to provide a process for
creping tissue paper which overcome these limitations by offering an improved level
of adhesion while maintaining doctorability.

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

SUMMARY OF THE INVENTION

The invention is a process for creping a tissue paper web from a heated
drying surface comprising the steps of’



e) Creping the dry web from said heated drying surface by neans of a

fl exi bl'e creping bl ade. The pol yvi nyl al cohol preferably
conpri ses between about 30% and about 95% and is nost preferably

bet ween about 75% and about 85% of the dry total appl i ed creping
adhesi ve. wo9mads2dhe pol yvinyl al cohol is preferably a pdRGIUSPTABIST:-
hydr ol yzed pol yvinyl acetate with a degree of hydrolysis greater than
about 80% and, nost preferably, from about 80% to about 95%

The useful nol ecul ar wei ght range for the poq yvi nyl al cohol wuseful for the

present inventiongy Srovidip LRy Enbritinf dsSuedlapetiweb40, 000. An i ndirect

I ndi cat or of nol ecul ar wei ghit i s viscosity, as used herein, referring

to that of a 4% a . i 40&iJaf 'ﬁh'-,%y lani ;
20[err] C. The pol %?ﬁ@? ngdlaéi 'gpgﬁg{ﬁdg%“grtg&%memhn | v‘!é’r’n‘?#"gﬁhgr"%'?té?‘é'bﬂ has
a viscosity great ¥eb.spidirst "'26"‘8%’??!‘\3&(%3@'“@’@3"“8 d, nost preferably
greater than about 35 cP. ] The ter-sol ubl e, thernosetting,
cationic pol yani d& #BRlying grseqond creping fdhestye tm‘é}‘%‘épﬁﬂﬁﬁ“é‘é it sad ez en
about -5% and aboutiry5@et, saidcsecondsddhenivef cmplosing a watéresolublen thebmosettihg,Ocatinoic
about 25% of t he dF,M ﬁrﬂﬂﬁfesﬁppl I ed crepi ng adhesi ve. The

pol yam de resin p eYera y conprises the reaction product of an

epi hal ohydri n and v 0 | 0 ) r :
cpi hal onydrin 1o dF SParBakE Sty SmBlyaile S5 3 st Gy %%ﬂﬁ‘é@g%ﬁﬁﬁ%

am ne groups%"?ﬁr@f&éﬂﬁ%"d@r heatqdodeying syrigce wherespen slsying, of 48d and

a saturated al i pheshbgonic web is coli¥pleed; 44526
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carboxylic acid. ehereginpaim dry oeb fromyshidtheated drying ailirfica by yhearsiof a flexiblé eeping bout
3 to about 10y@ad bon atomns. The ratio of epihal ohydrin to

secondary am ne groups in the polyamde is preferably fromabout 0.5 to
1 to about 1.8 to 1. ' The pol yvi nyl al cohol and pol yam de

resins are separately Heppstivityl altphol preferablyivmpyisdsi betveeen Ribeite309b laid absut
solids concentrat ban Qly fsifiodl Proeably 'befbeeR WBbut ' 73% and about 85% of the dry total
applied creping adhesive.
The polyvinyl alcohol is preferably a partially hydrolyzed polyvinyl acetate
with a degree of hydrolysis greater than about 80%, and, most preferably, from about
80% to about 95%.

The useful molecular weight range for the polyvinyl alcohol useful for the
present invention is from about 90, 000 to about 140,000. An indirect indicator of
molecular weight is viscosity, as used herein, referring to that of a 4% aqueous
dispersion of the polyvinyl alcohol at 200C. The polyviny! alcohol of the present
invention preferably has a viscosity greater than about 20 centipoise (cP) and, most
preferably greater than about 35 cP.

The water-soluble, thermosetting, cationic polyamide resin of the invention
preferably comprises between about 5% and about 50%, and, most preferably
between about 15% and about 25% of the dry total applied creping adhesive.

The polyamide resin preferably comprises the reaction product of an
epihalohydrin and a polyamide containing secondary amine groups. The
epihalohydrin is preferably epichlorohydrin and the polyamide secondary amine
groups are preferably derived from a polyalkylene polyamide and a saturated aliphatic



bet'ween about 0.05% and about 2% and the solids concentration of the

polyanide =~ resins is between about 0.025% and about 1% at the point of
appl i cation. The points of application of the polyvinyl

al cohol and pol yam de are preferably on the surface of the dryer in
advance of Wo7aezet at which the web is secur ed; howscansyti®spoei nt  of
application of either conponent can al so be on the surface of the web
prior to securing it to the dryer. The order of addition of

t he pol yvi nyl aI cohol and the poI yam de &n be varied, but it is nore

preferable to gg ﬂl&; ' e
application is és/% ue %(F)H'? LH‘?%S/J\;/#%&OT ﬁ%feuﬁg/p@%aé?{ﬁgﬁm |s can be
envi si oned to & ba‘“ﬁ‘ﬁ“éﬂ"fsr ed coating with the |ayer which i medi ately
contacts the sheet to be of pol yam de type. The tot al

anount of appli ed o?q,? 0 . | b/ton -
to about 10 I b/tgn asegg Eﬁk)csfd V\BI? t é’?b%'%né g‘(&%l E’gwgcf%yéfn\‘/dg %nd the
dry wei ghtP@fe“%tl'ieﬁ' abawtI8tld/ ton, as used herein, refers to
t he dry anount of crep| ng adheswe measured in lbs relative to the dry

anount of paper T n be
conpri sed of varl ous té&gﬁﬂ%fdco %’Pg&‘f p]plygnnrdg rle%ué u p%a}aké?f'ﬁ&%y% ?ps of
chemical and ntausays kelycls.  Paeferabiy th %P@ﬁér%ﬁ@ﬂ%ﬁ?ﬂﬂ%P@W|

paper maki ng f i betweerodbobD0.D5%aand ubaud Mdmisﬂfetsommmﬁindmeﬁﬁe Ipol;rhnﬂdeast

about 50% %Es D6 RERSHIR o/ b g{g&ﬁ Emig“ Ieast about
10% are softwo% i %e ti ?sdl}gﬂhg%ééa“ﬁéﬁaq conpri sed of particulate

fillers. In its preferred enbodiment, the nethod is used to
prepare tissue papeThevpbiats of applicas %fvtﬁtqiiﬂyvbﬁl Wﬂolahwtpogﬁnﬂéniﬁ”] and’
about 50 g/nfe r fgger n_.abqu / err] and
about 30 g/ eﬁ&fcrﬁ?;ﬂgn Eﬂr%e err eﬁé%?éx‘fy l|‘d§'mbet weenpm@t i ‘Lh' thd' W

97/ 44526 secured; however, the point of application of either component can also be on the

PCT/ US9/ 08357 surface of the web prior to securing it to the dryer. 7 0.03
g/cnferr] and about 0.6 g/cnierr] and, nore preferably, between about 0.05

/cnB
J The order of addition of the polyvinyl alcohol and the polyamide can be

varied, but it is more preferable to apply the creping adhesives so that the polyamide
application is subsequent to the polyvinyl alcohol application. This can be
envisioned to create a stratified coating with the layer which immediately contacts the
sheet to be of polyamide type.

The total amount of applied creping adhesive is preferably from about 0.1
Ib/ton to about 10 Ib/ton based on the dry weight of the creping adhesive and the dry
weight of the paper web. The unit lb/ton, as used herein, refers to the dry amount of
creping adhesive measured in Ibs relative to the dry amount of paper measured in
tons.

The tissue web can be comprised of various types of natural fibers including
wood pulps of chemical and mechanical types. The preferred embodiment comprises
papermaking fibers of both hardwood and softwood types wherein at least about
50% of the papermaking fibers are hardwood and at least about 10% are softwood.
The tissue web can also be comprised of particulate fillers.

In its preferred embodiment, the method is used to prepare tissue paper with
a basis weight between about 10 g/m? and about 50 g/m? and, more preferably,
between about 10 g/m2 and about 30 g/m2. The preferred density is between about



and 0.2 g/cnferr]. Al'l percentages, ratios and proportions

herei n‘are by wei ght unl ess otherw se speci fi ed.

BRI EF DESCRI PTI ON OF THE DRAW NG Figure 1 is a schematic
representation of the papernaking process i ncorporating the preferred
enbodi nent of wWRe”MSe&ent invention conprising the novel SFB@&"@“?S&?' dry
creping tissue paper. -‘DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Havi ng described a m$ieu for the invention, the

i nstant invention is now turned to with particularity in this detailed

description and gppeapcnt ankaut 0.6 Fand and, ke prafEhblp etvieen rabMitdesh gemdn ai d
t o under st andi ngagjogg?d;;nvent lon; but is not intended tolimt the

i nvention, whichis defined by the clains which particularly point out and
distinctly claimthe bj ect matter regarded as the inventjon )

As used herein, the tgﬁﬁ’\m&'&?&ﬁ”i' o5 An %H?E"‘l“ﬁgfrel“ﬁée WF‘&@"MWS,

i ngredi ents, or speeied. can be conjointly enpl oyed in practicing the present

i nventi on. Accordingly, the term"conprising" enconpasses the nore
restrictive terns "consi stM%MyMi sting of"

As used herein, the term"water soluble™ refers to materitals that are

sol uble in water to at |east 3% by weight, at 25[err]C As

used herein, the ternEigurei dsie s zschamatic breppragrsationelofl the bpapsmmkings Ipewessand
paper product” aldcofpdfdting i phéfaPddenodRRAESE thSH8seRYinfenBbPESHTptising R dovEINT
the steps of form N4, 20 aﬁugouspgpgegerrmkl ng furnish, depositing this
furnish on a forBfﬂcﬁ%Jg Ty Cregil pavug ] ch as a Fourdrinier wire, and
renoving the water fromthe furnish as by gravity or vacuuntassi sted
drai nage, with or wthout mm&mgn%mmmmlqconpri sing the
final steps of adhering the sheet 1h a sem-dry condrtron to the surface
of a Yankee dryer, conpleting the water renoval by evaporation to an
essentially dry sHavieg dessribedas nailiew Foz the linvention, tthee instantk awentiog 65 now
means of a flexi BirRedtoSWiiSartibuldiRy in this defiled HQEYipHdn 'ah appRaded! &ampleNaRls ONt O
a reel. \‘/1\09344452 ded id d ding of the i ion: but i intended
PCT/ US97/ 08357 description 1§ provided as an aid to understanding of the invention; but is not intende

to limit the invention, which is defined by the claims which particularly point out and

distinctly claim the subject matter regarded as the invention.

As used herein, the term "comprising” means that the various components,

ingredients, or steps, can be conjointly employed in practicing the present invention.

Accordingly, the term "comprising” encompasses the more restrictive terms

"consisting essentially of" and "consisting of."

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

As used herein, the terms “tissue paper web, paper web, web, paper sheet and
paper product” all refer to sheets of paper made by a process 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 fumish as by
gravity or vacuum-assisted drainage, with or without pressing, and by evaporation,
comprising the final steps of adhering the sheet ina semi-dry condition to the surface
of a Yankee dryer, completing the water removal by evaporation to an essentially dry
state, removal of the web from the Yankee dryer by means of a flexible creping blade,
and winding the resuitant sheet onto a reel.



8 The ternms "nmulti-layered tissue paper web, nulti-Ilayered

paper web, ml ti- | ayered web, nmulti-Ilayered paper sheet and
mul ti-layered paper product” are all used i nterchangeably in the art
to refer to sheets of paper prepared fromtwo or nore | ayers of

aqueous papegodidasssy furni sh which are preferably conpri seBCHUSUO8ISEr-ent
fiber types, the fibers typically being relatively |Iong softwod and
relatively short har dwood fi bers as gsed in tissue paper making. The
| ayers are preferably forned fromthe deposition of separate streans

of di | ute f1ber S| UrfsQSmdPQuAGerdl vip Baper web® RilliEEf b RSy f aces.
If the individual |ayers are inytiall ra?na,hs arate or am nous
surfaces, the I‘ﬂ%‘?ds‘xéhﬂ‘“ﬁb]a!%&&?&’é#?tﬂé dﬂ‘ﬁ:"ﬁf’é'ﬂnaﬁm’md“t’% afeAllysed

mul ti I- I ayler ed tineedhengealiyein thelart to refer to sheets of\Sapes peephred diam t\?dﬂfﬁrtrmrén f
"singl e- ti . : : : . o]
crepad T seuc, s B Sildchs plfergch t%@!ﬁﬁ v“ﬁ'bgﬁﬁé%éﬁ‘ﬂSCWR"%?fsﬁgﬁgﬁ“ !

can be a nul ti-HbeyayRey the sibers nypically brjng relative s'@ﬂgﬁ%@‘é?‘?ﬂ and,gelatiyely,short

"nul ti-ply tisshasdwood fitersoaiased imtissae pajentmakingi The taypesiase greférabip formedian one
ply of creped tg55'fe d%?&ﬁﬁ&k bf Separate s ofdithie ey sﬁ:{gié t@ﬁ? ro?l%j %?Hn&g” be

substanti ally honpgepedys 1 n natur r.they can Lk ayere
ti ssue paper V\dygﬁsst%rammous w&wrhﬁ’tl?w@mdwme@s age jnitally ORSERASE g a
ti ssue paper wefordninois 3utfies, ahe layers cair he subsequentip combined when wet ttbdorid £ps of :

a) providing a 1y ryoni cati ssue paper web; b) applying a
first creping a@ﬁgg?&%ttgﬂ%&ﬁégﬁé%?éd drying surface or to said sem-dry
web, said first adhesive conprising a polyvinyl alcohol; c) applying

g secogd cr _egi ng adhisisedhérein thetehn dinpte-ply tssne produdtaneans that it isscntprised -
ry web, said s : r ing,
catione S0 AR el Bulil e Wﬁ"%ﬁéﬁ‘ﬁaﬁ%ﬂ%ﬁ%@%‘ﬁﬁﬁ RO 0
web by neans of caade multidayereddissiecRaner Wobe piipysed herein, theatermy dnulti-plyt Wisie ur f ace
521 heatcd fomcrannue . oot o, e ot s hcpis V5
by nmeans of ;3. f?feax?‘ﬁlﬁé’ lg{rlsggél ﬁ%d's g%’%}gg" aflg?%:ﬁ@ieq B3 f ‘*m ci

be multi-layered tissue paper webs.

The invention is a process for creping a tissue paper web from a heated
drying surface comprising the steps of:

a) providing a semi-dry embryonic tissue paper web;

b) applying a first creping adhesive to the heated drying surface or to said semi-dry
web, said first adhesive comprising a polyvinyl alcohol;

c) applying a second creping adhesive to the heated drying surface or to said semi-
dry web, said second adhesive comprising a water-soluble, thermosetting, cationic
polyamide resin;

d) securing said semi-dry embryonic web by means of said first and second creping
adhesives to the surface of said heated drying surface whereupon drying of said
embryonic web is completed;

e) creping the dry web from said heated drying surface by means of a flexible creping
blade.
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Providing a Sem -Dry Enbryonic Ti ssue Paper Wb Conmponents of the
Aqueous Paper maki ng Furni sh It is anticipated that wood pulp in
all its varietwe9msistd normally conprise the paper maki ngPETHEN7483§2ed i n
this invention. However, other cellulose fibrous pulps, such as cotton

linters, bagasse, rayon, etc., can be used @nd none are disclai nmed.
Wood pul ps useful herein include chem cal pul ps such as, sulfite and

sulfate (sometinmes cal a5k J.!%m . ahwapcal pul ps
I ncl udi ng for exanple, i’lg’rqbun%;%%ﬁﬂ e?%“l\ygct%%?ﬁ Pullp,) (TMP) and

Chemi - Ther roMechani cal Pul p (CTIVP) Pul ps derived from both deci duous
and coni f er ous t rGomsponents dfitheiAguious Papermaking Bht h har dwood pul ps and
sof twood pul ps as wel | as conbl natlons of the t wo may be errpl oyed as

paper maki ng fibers fo the ti P f. t he present ven The
t erm "har dwood pul ps" wfﬁﬁsﬁuvff’%ﬁéﬁ"ﬁ’ .3 apdtsfvf’ﬂw?ﬁé‘"lt) F‘?Wf om
the - woody sulmpmulanpﬁbcteumluoubs invention( ayveyer, ethes )cgllulvtserﬁbams 'pelps,t wood

pul ps” are mhkscaubhnﬁ. grua frx ng@e X\fggﬁsfdumtﬁd?ﬁear@ﬁﬂﬁﬁmeﬁerOUS
trees (gynnosper ra speci a

eucal yptus, and ﬁ% ?%é’P'rPs "KP“& &P a3, ‘H&rﬁicﬂ}f&?"l y
suitable for maki(sametimes called UGrafie prdpods wdbaapmdlant:al pulpsi inclading fon.exdmpleher
hebs wher ef . moaromd yood IhBkSMEkicEt Rl (Y s“‘““""i'ﬁiﬁ'*gﬁ?“ﬁ“&%t farical Pulg24°
for outer Iayer(é&l'r&ﬁ> %‘Fa %%ﬁ‘&gf"f‘ﬁgﬁwe@aﬁ grpps fﬂsﬁéﬂé"r‘é’e sed for

t he i nner | ayer(s).. Also applicable to the present invention are fibers

derived fromrecycl EdBoth W@P@Jd’puy?'aﬁﬁ‘sdmoﬁﬁyfrﬁ@wap% {Imgfof?ﬂ;qwgbove

categories of fiber

a
cal ci um car bonat M%‘PM’WEEW‘E\QL'% g"‘?‘ or 4 ‘&P‘lﬁﬂaﬁﬁfrﬁr} 9?’6?9!‘%"“’ PR um
silicate, alum nda&hertedny thasdvwenodpuipst at aszbddmebmeferpmaﬁbroﬂpﬂplﬂenved fronakhei um

oS0 be | Dot e ey o0y RS, of UEIRBRS ol afiiisbtimsf oheftal "ol IR0 bre® 2"
*JPW Rulps der &aﬁ’wﬁ' ¢ Woady, substance °€ aﬂm&@‘aaveﬁ(wwmefmSS

material s, of whi
aqueous paper naklmgndsoflnrdhooﬂKtqummymﬂlyemlypm andmorthernisbftwood Kraft

characteristics QHHEILr r Qis;‘;g'e‘b q,g%gn SO
| ong as they do not K?r?t ygf er I}nghggttger/%a%ﬂ?htg@ vant%ﬂagosfp%‘g t he ¢
present inventi offnvention. °th°‘P'°f°£"°F'§m§B‘ﬁ'P r?gghed’é%‘ﬂﬂm"ef’m“ ksdayeprd
retention and webisstervesbgtwhetet, most preflerably, hatdswootl palps such asfeutdlyptusraye eskdent s

of the aqueous pggesEEhyNs) Md Whdein 35 Sifwood Kraft pulps are used for the inner
layer(s). Also applicable to the present invention are fibers derived from recycled
paper, which may contain any or all of the above categories of fibers.

Particulate fillers, including clay, calcium carbonate, titanium dioxide, talc,
aluminum silicate, calcium silicate, alumina trihydrate, activated carbon, peari starch,
calcium sulfate, glass microspheres, diatomaceous earth, and mixtures thereof can
also be included in the aqueous papermaking furnish.

Other materials, of which the following are examples, can be added to the
aqueous papermaking furnish or the embryonic web to impart other characteristics to
the product or improve the papermaking process so long as they do not interfere or
counteract the advantages of the present invention.

It is sometimes useful, for purposes of retention and web strength to include
starch as one of the ingredients of the aqueous papermaking furnish, especially
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starch. Particularly suitable starches for this purpose are produced by

Nat i onal Starch and Chem cal Conpany, (Bridgewater, New Jersey) under the

tradenane, Ry Bkderr]. It is conmon to add apcEwssomsss7-char ge
bi asi ng species to the papernaking process to control the zeta
potential of the aqueous papermaking furnl h as it is delivered to the
paper maki ng process. One suitable materit S Q/pro 514[ err] a

product of Cyte C | al so nto
add retention a? |o|nﬂ tﬁ%v%; ?{ﬁu?ar@ sm(%rbbll% amh c{hfsvg‘l' area”dﬁé% Yt he
agueous paper maNaﬁgf'ﬂ Jtarels gnd Chemiral Qompem e@e‘,légﬁwrr fersay) amdéri the
particles whi chuaaahhe,q{dagame remai n suspended in the recircul ating water
system of the paper machine. The practice of adding alum for exanple, -
has | ong been known. More recently, polymers which carry many charge
sites along the chailf is commende sdd a\cationie chasge biesing, spegice ty theypapedmakinghi s

pur pose. Both apiceesaoaddetrslothe @etaCpotentiall bOMhe Wqadtius papemaRiRg Gshisly as Cisuded
E“séF;Pr}“eaSS?ﬁ@d%%@"gH@% otk BOKE",, One Bl macdhl By 1387
Accur ac 1710[erP!Oquqlethdﬂc(ﬂfS@}'!f@’d,CTnc of Stanford, CT are exanples
of anionic flocculants. Flocculants such as RETEN 157[err] a product of

of Cytec, Inc. of it AT RON ol UG BT MO Comn e <Gl c

floccul ants. added to the agueouspapermaking Rurnish incerder-toceahanice tie tatemm of ﬁiear ge
mt cr Opr ticl gs f:aﬁcltwenuch nngulrmﬁﬁel Pemain SUspeHd B in ME tli@irbashngcko

streng and r ion s .we u or, ex

S. Patent, 5, 22% sg‘ﬁ@g’ to %‘ﬁh&ﬁh 05 %déngzglgmigg {‘%0‘8? g?rggt ed
herein by refer !smmi Mpmenﬁx eholymess which tcarry wmbmeam dong ti& chain

colloid, or benleﬁgt'htlﬁvé béeh. effbbively érsployed Fod % rpcsblC IBoMR hifibhielafd kationic
expressly i nclu I nvent i on

t hi n the e 0 t rese
The advant ages ﬂ?“f’k‘@t pvf\'%sé’lwf Flhv'éﬁl’ﬁ? wé‘i’@ ? r 95 L5 BFSsERt, @&?W‘Q‘éfd for
grades of paper Flocatlants sycbr 2saREREN/2Y5Sta product Of/‘ékf@leﬂ.ehgt of N@bmmpn,
partlcu: ar:y ; Pehfiﬁam&%mrd@l‘ﬂ@(’a 61{qu hﬂépa‘mhl €T ardRkdinp ft
articul ar etajl.e rts,Q
Brow de sorrg de%%’g '5? %‘gtgcgh‘{ a\%ﬁﬁﬁ? adde ?}% QI?I%PP Eﬁus
paper maki ng f ur fcstof Wilmington, Defawaee, eﬁ!ﬂah!@g’és”@xvaml’edﬂcy of Cyteg énc of

acconpani ed by SiunfordSETEe eximpld ofBdtefhbl¥\Bitiofiic RB&ENdts N t he pr oduct, a
property which is often a liability and addition of the

pol yam de- epi chl oro'l)(‘grl nin
use of high surface area, high anionic charge microparticles for the

purposes of improving formation, drainage, strength, and retention is well taught in
the art. See, for example, U. S. Patent, 5,221,435, issued to Smith on June 22, 1993,
incorporated herein by reference. Common materials for this purpose are silica
colloid, or bentonite clay. The incorporation of such materials is expressly included
within the scope of the present invention.

-

The advantages of the present invention are most particularly realized for
grades of paper without permanent wet strength. Wet strength resins, particularly
the polyamide-epichlorohydrin type which are more particularly detailed in other
parts of this specification, often provide some degree of crepe control even when
added to the aqueous papermaking furmish. However, these advantages invariably
are accompanied by the presence of permanent wet strength in the product, a
property which is often a liability and addition of the polyamide-epichlorohydrin in
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end of the papemaking process is not as effective in pronoting crepe
benefits as can be achieved by using the polynmer directly in the creplng
oper at i on. wo 97144526 Cr eped paper products, which rmust have?FVH§oTAHsT --

strength when wet because of - the need to dispose of themthrough
toilets into septic or sewer systens, requgge fugitive wet strength
resins. Fugitive wet strength resins inpart a wet strength which S

characteri fzed bythe wecend of theopaperiiakin |prodess IsSndd dseéffestiveDianpromotifg l&?pén
resence o er
ﬁat erials can be%@é‘%q r%%%‘%‘kxgngg(a)‘%;gg@g'ng‘lmse?d)ﬂﬁﬂe;&%“%%b%ﬁyag starch

or other resins with aI dehyde functionality such as Co-Bond 1000[err]
of fered by National Eréped papenprodhasivehich sustheve YimitEstrsagththen wet béchesest DY

Cytec of Stanforg, ﬁ@*;‘?

4,981, 557 issued on%%g}sﬁ‘{ tﬂs‘?)ﬁb{ﬂ&g “I“H s t% d,PI %’%g%%%%‘ft é%ﬂ“herel n
by - referencefugiive wet strength’ ‘F’F“se & H&H\ﬁ'eﬁetéﬁs'éﬂ% Eﬁ%‘? 'm@“ﬁe%éﬁenﬁﬁm’&bt ant's
may be used to t{schiraitbdized by acidcay of pait 98 ulk op Bpstenty uporwtaiding ifpREseRte of

| nvent ! 0 gbnTgfoswaIegxwfggme@én n¥d&ﬂ¥c§ 1B e mpterfil BB iblel iyt ©"
sul fonates, and &foND FeRsistiagef vammlﬁebvﬂecﬁlmpnﬂ@twhs are

al kyl gl ycosi des mcbm;wgoadﬂylf@wbpmmammh snd>Chdinicdt Conpalns Paredlzsa®[ err]

other's as descr ) BEAS 3y O koI T, i el Bl f’%‘*eeaa"'eﬁ \ﬁ"éf‘ﬂigﬂfédon

et al. on March &%Léi’fiissmddon Tanugnyicls| 1991y & Binrkquist cand cincasporated diereins

Pegosper se 200 Mefauiel able from d yco Chem cals, Inc. (G eenw ch CT)
and | GEPAL RC-520[err] avail abl e from Rhone Poul enc Cor poration
(Cranbury, NJ). Chemi cal softening agents are expressly

incl uded as optional ¥egheaerdabsasbency is naeded tants map b vsed to treat therfirepgd
agents conpri setisshé paperWadbh of IltOpyesent mvditi%h)"'ﬂienﬁiﬁéthﬂﬁlﬁ% hblyhaverhlkyd Such

as ditall owdi met vl a . d n t hyl
sul fate, di (hydr%ﬂr&?@l f'wa?l'gé\fgé | netaﬁo'?s tﬁﬂ&rﬁvﬁh JlfachHIﬁP Argmmfﬁe Y
di (hydr ogenat ed) sulfanates;and, plkylbeazens suifonates, Fxemplary ponienic m‘s are
preferred. This bly€osidas ummdﬁ-g ﬂtylglﬁcoaaalehablsecmm&mwm@ Qﬂil(W isco

T3rert]. w”pa”ya%aﬂég‘%ﬁrgm o NS VOIC D S RREERR g o B8etmedp .,

anmoni um Con‘pounys atent 4.011,389, issued to W. K. Langdon, et al. on March 8, 1 77 and
alkylpolyethoxylated esters such as Pegosperse 200 ML available from - Glyco
Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520® available from Rhone
Poulenc Corporation (Cranbury, NJ).

Chemical softening agents are expressly included as optional ingredients.
Acceptable chemical softening agents comprise the well known
dialkyldimethylammonium salts such as ditallowdimethylammonium chloride,
ditallowdimethylammonium 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
Chemical Company Inc. of Dublin, Ohio under the tradename Varisoft 137®.
Biodegradable mono and di-ester variations of the quaternary ammonium compound
can also be used and are within the scope of the present invention.

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.



can al so be used and are within the scope of the present invention.

The above listings of optional chemcal additives is intended to be nerely
“exenplary in nature, and are not neant to linmt the scope of the invention.
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Preparation of the Agueous Papermaki ng Furnish Those skilled in
the art will recognize that not only thgoualitative chemi cal

conposition of the papenmaking furnish is inportant to the creped

paper maki ng process, but also the relative anounts of each conponent,

and the seque t| m npf addi tf‘.on anong other factors. The
follow ng tec HALSN. 01 e AGUEQIR,: ADETMA pari ng the aqueous paper nmaki ng
furnish, but its dellneatlon shoul d not be regarded as Ilmtlng the

scope of the Pr eseMhode skilled irPthe amr}eéo'ﬁnﬂ@ftﬂaﬂ‘ﬂgt Shly Ttltleqtﬁll *(Wsch

forth at the end of th|

first prepar e(f(’W""T'ﬁmd'e? peCFW@&\“ﬁo@Ws&dél’meyltﬁ? 8""3 pap%&ﬂ‘é‘&ejgs e
slurry by any psocess)but glsmihe W’W pgonns lob eachacheponent) ynddtheceeqieace and t he ’

prior art. Refiniihg\6f wﬁtnoﬂeaﬁmm« faStofsN€The 1k &Hﬁmﬂﬂs fa&esuﬁghéﬁi ed
parts of the Bre erre

arr angenent J"%H‘ﬁ?fffﬁ fq'feé’ﬂ%\t Q%F\?g%of?’?“sb’aﬁgtr cligeatipp, should not be
conpri sing harregeeded ap liinjting ithe scopsefitheipresent invention; Iwhichyis défined by thie\chims | ong

paper maki ng saﬁﬂbﬁﬁ,éﬁmﬂggmmmarepar ed. The fate of the resultant
short fibered slurry is to be directed to the outer chanbers of a three

| ayer ed headbox to form surface |ayers of a three | ayered tissue in
whi ch a | ong fi ber apermaking fibeysare ifisst iprapaned by liberatingzthe imdividual fibersiatoer i n

the headbox ing w.uusbnub?%}, ;('bme%nmnaaui g Meth wtabr%{s s

directed. The resul t tissue particyl ar
converting i nfd aﬂ%q“}’i‘&# éfe Ww’sﬁl}ge“p?%?“‘ on the Seletted pafts, of

alternate prefp@permduagﬁm@errent t he before-nentioned slurries of Iong
and short fibers are formed and the fate of the resultant short fibered

LY 15 1008 an S g LIRS o el o bR A" 10

comprising hardwood pulp, is prepared, while a slurty of relatively long papermaking
fibers is separately prepared. The fate of the resultant short fibered slurry is to be
directed to the outer chambers of a three layered headbox to form surface layers of a
three layered tissue in which a long fibered inner layer is formed out of a inner
chamber in the headbox in which the slurry of relatively long papermaking fibers is
directed. The resultant filled tissue web is particularly suitable for converting into a
single-ply tissue product.

In an alternate preferred arrangement, the before-mentioned slurries of long
and short fibers are formed and the fate of the resultant short fibered slurry is to be
directed to one chamber of a two chambered headbox to form one layer of a two
layered tissue in which a long fibered alternate layer is formed out of the second
chamber in the headbox in which the slurry of relatively long papermaking fibers is
directed. The resultant filled tissue web is particularly suitable for converting into a
multi-ply tissue product comprising two plies in which each ply is oriented so that the
layer comprised of relatively short papermaking fibers is on the surface of the two-ply
tissue product.

Those skilled in the art will also recognize that the apparent number of
chambers of a headbox can be reduced by directing the same type of aqueous



Iayered tissue in which a long fibered alternate |ayer is fornmed out of the
second’ chamber in the headbox in which the slurry of relatively |ong
papermaki ng fibers is directed. The resultant filled tissue web is
particularly suitable for converting into a multi-ply tissue _Prssg?
conpri sing twyophrmMeszs in which each ply is oriented so that {Rd/US yer
conprised of relatively short papermakl ng fibers is on the surface of the

t wo- ply ti ssue product. Thpge skilled in the art will also
recogni ze that the apparent nunber of chanbers of a headbox can be
reduced by di reoﬁapaguakhg firaisie td adjeeers fchampees) UEor example, the before\ifenfioned 4hréé

PCT/ US97/ 08357 box could be used as a t?_zo chambered headb ﬁ % (eix_re tﬂ%l oned

edh
paper maki ng furnl acent cha
three charrbe‘?sé"d?“ﬂ et tpne agusats paperfuakine furis ﬁa%@raéa% Ssi npl y
by directing essentially the same aqueous papernaklng furnlsh to either
of two adj acent chanbers. The Paper maki ng Process Fi gure

1 is a schematic_representation of the papernaking process

i ncor.por ati ng th%@&é%g@&m%i ments of the present invention conprising
t he novel process for dry creping tissue paper. These preferred

enbodi nents are qﬁﬁ. | n ol

reference is nade to gﬁr{eoqg h Mschilfacle Mge&gtr“g{ i&lugﬁla%?%'\emgﬁév&?l FShal
view of a pref erPRUPRRE: e areigrredh embodimenss ob the presapg inyeation, sqmpsisige 1he
according to thenoveleprooéssi for dny icoepingRidsee papey. t Thdse qpreferrdd embodimens ras@ki ng

conter chanber dsacibel i ¥ Fi6hol GRERREN Undl ietdode | Hade 10 RSH £] 2

Four dri ni er Wi r e 85 which is | ooped over and about breast r oI I 86,

defl ector 90, vacuurFiguretliion side etebmionst vitly of Dprefered iphpedmakinflachine! 30 fot

of turning roll sm&%fac“ﬁng Rﬁf:&t icg&ding% the present invention. Referring to Figure 1,
papermaking machine 80 comprises a layered headbox 81 having a top chamber 82 a
center chamber 82b, and a bottom chamber 83, a slice roof 84, and a Fourdrinier
wire 85 which is looped over and about breast roll 86, deflector 90, vacuum suction
boxes 91, couch roll 92, and a plurality of turning rolls 94. In operation, one
papermaking fumnish 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 clean it prior to its
commencing another pass over breast roll 86. At web transfer zone 93, the
embryonic web 88 is transferred to a foraminous carrier fabric 96 by the action of
vacuum transfer box 97. Carrier fabric 96 carries the web from the transfer zone 93
past vacuum dewatering box 98, through blow-through predryers 100 and past two
turning rolls 101, forming semi-dry embryonic tissue paper web, 106, still supported
by the foraminous carrier fabric, 96. After the web is transferred to a Yankee dryer
108 in a subsequent step, the carrier fabric 96 is then cleaned and dewatered as it
completes its loop by passing over and around additional turning rolls 101, showers
103, and vacuum dewatering box 105.

ty



paper neking furnish is punped through top chamber 82 a second paper making
furnish is punped through center chanber 82b, while a third furnish is

" punped t hrough bottom chanber 83 and thence out of the slice roof 84 in
over and under relation onto Fourdrinier wire 85 to formthereon an
enbryoni c Welp FRenenprising - layers 88a, and 88b, and 983/USBHEasEri ng
occurs through the Fourdrinier wire 85 and is assisted by deflector 90
and vacuum boxes 91. As the Fourdrinier wre makes its return run in
the direction shown by the arrow, shomer§495 clean it prior toits
commenci ng anot her pass over web transfer zone 93, the
enbryonic web 88 is transferrgﬁ’p?B té“"f'ﬁr%’ﬂﬁ ESI¥SSi er fabric 96 by the
action of vacuunttransfer box 97. Carrier fabric 96 carries the web
from the transigslvias p ETen dgoeat eri ng box 98, through

bl owt hr ough preoryers 100 and past two turning rolls 101, form ng
sem -dry enbryonic tissue paper web, 106, still supported by the
forani nous carrier Fhetprésent imntionf eraploysithe aglicationtof apolyvinyleadcahol arepisgkee
dryer 108 4dpesiveSubsequent step, the carrier fabric 96 is then cl eaned
and dewatered as it conpletes its | oop by passing over and around
additional turning rolls 101, showers 103, and vacuum dewat eri ng box
105. WO 97Whil&wagious means of application of the polyvinyl alcohol are anticipated and

ipCT{ U89t7/ 0835f7none are d:sclxgled the preferred method of appl¥mg the olyvmyl aﬂ: ol i dz 19
plication o epi n e5|ves Vi ny

Cr epi ng Adhemwg‘ ped S dispergifR o %E@%&%‘?Bﬂtjmﬁ s@ﬁ‘b’*ﬂ?’? df'ﬁ‘é}cdgﬂ'dg‘? cation
of a pol yvi ny|mgﬂamfche‘éa&qudpgerpnor&lﬂ%fevefthesenudryussnepbberlweb\/ar| ous neans
of application of the pol yvi nyl aI cohol are anti ci pat ed and none are

di scl ai med, the preferred tho a | the Vi n cohol is to
direct an aqueous ?%E B@% intof ?18 lyyi a&”&?}‘r‘&?ﬂ%om
directed at tIwefenedembddanmtufreprhsnwdbkwaﬂbqomlq7|:|or to transfer of the
sem dry tissue paper web. Referring to Figure 1, the

<0Bl1caL1 O D011 S!S Mo el St e s L vt
al cohol pr ef er 2i%h,yanddsmast prefasabiy\betweerhahout 36% andcabalto®i% of theo®gl dand i s
nost pref er abl ywejpt SFpplicAORESing’ aditedie] wHeRSH a 8P Mplidd \Gepift) SdhedlVe/ range
from about 0.1 Ib/ton to about 10 Ib/ton based on the dry weight of the creping
adhesive and the dry weight of the paper web are preferred.

Any polyvinyl alcohol suitable to form an adhesive film can be employed in
the present invention. The prior art, such as Bates, in U.S. 3,926,716 describes the
types of polyvinyl alcoho! particularly suitable for the application. =~ Commercial
supplies of polyviny! alcohol in solid form can be obtained under several trademarks
including Airvol®, a trademark of Air Products Company of Allentown, PA and
Elvanol®, a trademark of E. I. duPont de Nemours of Wilmington, DE. These resins
can be readily made down into water to form aqueous solutions which are easily
sprayed for application to a Yankee dryer or to a semi-dry tissue web.

The polyvinyl alcohol is most preferably a partially hydrolyzed polyvinyl
acetate with a degree of hydrolysis greater than about 80%, and, most preferably,
from about 80% to about 95%.

The polyvinyl alcohol preferably has a viscosity greater than about 20 cP and,
most preferably greater than about 35 cP. The viscosity of polyvinyl alcohol as used
‘herein refers to that of a 4% aqueous dispersion of the polyvinyl alcohot at 20°C.



weir ght of applied creping adhesive, wherein a total applied creping
adhesive range fromabout 0.1 Ib/ton to about 10 I b/ton based on the
“dry wei ght of the creping adhesive and the dry wei ght ofthe paper web
are preferred. Any pol yvi nyl al cohol suitable to form an

adhesi ve fi | nwoamadsee enpl oyed in the present invention. PERUSHSHY -art
such as Bates, in U S. 3,926,716 describes the types of pol yvinyl

al cohol particularly suitable for the applygcation. Comrerci al suppl i es
of polyvinyl alcohol in solid formcan be obtained under several trademarks
including Airvol[err], a trademark of Air Product s Cbnpany of Allentown, PA

and El vanol [err] ., a trad Pont gt on,
09 e vanol L1 2 oS ST IR S b ok AR S AR TR
sol uti ons whi ch aquedug aehi¢le. Preferably algpe@hﬂs)pomppranoms batween abowtafRE% addyer or
to a sem-dry ti55it99%\Rhe point of ap hcatlonThe pol yvi nyl al cohol is nost
preferably a partially hydpo | yzed pol yvi nyl acetate with a degree of
hydr ol ysi s greater than about 80% and m)st preferably, from about 80%
to about 95% A g the Watehsolpbie . ResihErepimgyi scosity
greater than abq&},%& cP and, nost preferably greater than about 35 cP.
The viscosity of polyvinyl alcohol as used herein refers to that of a
4% aqueous di spersion of the polyvinyl alcohol at 20[err]C WO

97/ 44526 The present invention employs the application of a water soluble,

PCT/ US97/ 08357  thermosetting, cationic polyamide resin creping adhesive, 15 _
The pol yvinyl alcohol applied as part of the present invention is deposited
by aqueous vehicle. Preferably the solids concentration is between
about 0.05% and SNile tvariisvs aeatsaf applicationodf thepprlyamide resin are anticipgped andng t he
Water -sol ubl e. Thes ey ﬁtmwm@er hF ekl R BppheatiZith By deaAlsMipersion ANCST Ve
The present inventio 0 | ca a  wat'er. Eie

t her noset ting, 8&?%%8%8‘%%%"? U&%HE@T prer % tanste of the \\yi | ¢
vari ous neans ofsemiqriyitissaeipaper ofebt he poI yam de resin are anticipated and

none are disclainmed, the preferred nethod of application is by aqueous
di spersion via

Referring to Figure 1, the application point of the water soluble,
thermosetting, cationic polyamide resin via this preferred embodiment is represented
by spray boom 108. '

The water-soluble, thermosetting, cationic polyamide resin of the invention
preferably comprises between about 5% and about 50%, and, most preferably
between about 15% and about 25% of the total dry applied creping adhesive,
wherein an applied creping adhesive range from about 0.1 lb/ton to about 10 Ib/ton
based on the dry weight of the creping adhesive and the dry weight of the paper web
are preferred.

Commercial supplies of such polyamide resins can be obtained under several
trademarks including Kymene®, a trademark of Hercules Inc. of Wilmington, DE
and Unisoft® and Rezosol®, trademarks of Houghton International Inc. of Valley
Forge, PA. These resins are supplied as a concentrated solution in water and need
only be diluted in order to be easily sprayed for application to a Yankee dryer orto a
semi-dry tissue web.

The basic chemistry of preparation of the water soluble, thermosetting,
cationic polyamide resin is thoroughly described in U.S. 2,926,116 issued to Kiem 23



a spray boomdirected at the surface of the Yankee dryer prior to transfer

of the senm -dry tissue paper web. Referring to Figure 1,
‘the application point of the water sol uble, t hernosetting, cationic

pol yam de resin via this preferred enbodi nent is represented by spray
boom 108. wo 97/44526 The water-sol ubl e, thernosetting, cardTWEIBO838l yyam de
resin of the invention preferably conprises between about 5% and about
50% and, nost preferably bet ween abo'lét 15% and about 25% of the total
dry applied creping adhesive, wherei n"an applied crepi ng adhesi ve range

O abou i FeBfubR1d6d, AR, 385d $73lifled to KiBAG DL AN 16 Sexghe pn\rﬁg%,g,%eo‘c the

crepi ng adhesive a | of papetr web a d.
Comer ci al suppRGosRTY %@ﬁxbg?gm’de resins can be obtai ned under several
trademar ks including Kynene[err], a trademark of Hercules Inc. of

W m ngton, DE p'iﬂ:ft Bﬁl?_;@ vardls .
Hought on I nternati %Fﬁ:eﬁé' Ol%ﬁ@gfl*eer@ﬁﬂ.a orﬁgcggg%bgg&# ﬁﬂégm%éﬁg_q%trhe
supplied as a EFf‘%Bdm‘f’iPB?fe‘}Flwy #dqupous sglutien, gnder copgitionsisuitable |t ed
in order to be tepmidise swatersiibleqolyapyde witi thorepeating uisnkee dryer or to a
sem -dry tissue web. The basic chem stry of preparation of the
wat er sol ubl e, thernosetting, cationic polyam de resin is thoroughly
described in U S. 2,926,116 i ssTHH ol RCO— WD 97/ 44526
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1962, both .l ncor por ﬂt eference. t he
preparation of d!‘ﬁ%‘cF’EB?’ﬁ’,cac"Bi basi c carboxylic acid is first reacted with
t he pol yal kyl ene pol yam ne, preferably in aqueous sol ution, under

condi tions suitable . gfdtlﬂ . r I vaml ] he
repeating units erfr ¢ prepmtla{ erggﬁﬁ‘éﬁ\?ﬁeg cgiﬁlgf?gégchﬁr r%n%@%?\gmgﬂﬁ%m@el s the
di val ent hydr o®2 e with an epihalohydgn, particularly epichiorohydrin, to form the water-

soluble cationic thermosetting resin.

The polyamide secondary amine groups are preferably derived from a
polyalkylene polyamine for example polyethylene polyamides, polypropylene
polyamines or polybutylene polyamines and the like.

The dicarboxylic acid is one of the saturated aliphatic dibasic carboxylic acid
containing from about 3 to about 10 carbon atoms such as succinic, adipic, azelaic,
and the like, and mixtures thereof, Dicarboxylic acids containing from 4 to 8 carbon
atoms are most preferred.

The ratio of epihalodydrin to secondary amine groups in the polyamide is
preferably from about 0.5 to 1 to about 1.8to 1.

The polyamide resin applied as part of the present invention is deposited by
aqueous vehicle. Preferably the solids concentration is between about 0.025% and
about 1% at the point of application.

The points of application of the polyvinyl alcohol and polyamide are
preferably on the heated drying surface in advance of the point at which the web is
secured; however, the point of application of either component can also be on the
surface of the web prior to securing it to the dryer.



di basi ¢ carboxylic acid. The preparation of the resin is then

conpl et ed by reacti ng the water-soluble pol yam de with an

“epi hal ohydrin, particularly epichlorohydrin, to formthe water-

sol ubl e cati oni c thernosetting resin. The pol yam de secondary
ani ne groups WaTs¥ber ably derived froma pol yal kyl endJEYSTAMPNeE - or
exanpl e pol yethyl ene pol yam des, pol ypropyl ene pol yam nes or

pol ybut yl ene pol yanm nes and the |ike. The dicarboxylic acid is
one of the saturated aliphatic dibasic car‘laoxyl ic acid containing from
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applied as partasgl tt ﬁ%g en'r. nventlon i s deposited by aqueous
vehicle. Prefer Fﬁ} P Mfsentration i s between about 0.025% and
about- 1% at t he point of appI [ catron. The points of

application of the polyvi nSecafingtiie'weneh the BeattdIryiigSurface Preferably on
the heated drying surface I n advance of the point at which the web is

secured; however, g?%gres&{g iRl thd iy ?.&sh@%g&%goor;d&gg@%%ﬂso be

on the surface or>t'o_secur
97/ 44526 drying surface, so called a Yankee dryer aided by means o the creping
PCT/ US97/ 08357 adheswes applied in the previous steps. 17

The order of addition of the polyvinyl alcohol and the pol yam de can be
varied, but it is nore preferable to apply the creping adhesives so that
the pol yani de appiheceebi is secured hyisontgering:it toothe deyingonufacen yMogt prefieably,
application. Thi eﬁﬁﬁ B6m an opposing GynGrdab dadng ds q:r@m&ﬁr&t ahied & Qalforag Wit h

the | ayer which |gug tﬁgﬁggg}%&%&g v, YNGR Wb Yo S H g VP

Securing the V\eb
as |tlspressed against the ankee surface. Multlple Yankee dryer drums can also be

employed in the present invention.

Referring to Figure 1, the semi-dry tissue paper web is secured to the
cylindrical surface of Yankee dryer 109 aided by adhesive applied by spray boom 107
preferably carrying the polyvinyl alcohol adhesive and spray boom 108, preferably
carrying the water soluble, thermosetting cationic polyamide resin. Adhesion of the
web is promoted by use of the opposing cylindrical steel drum, 102. Drying is
completed on the steam heated Yankee dryer 109 and by hot air which is heated and
circulated through drying hood 110 by means not shown. The web is then dry creped
from the Yankee dryer 109 by doctor blade 111, so-called a creping blade, after
which it is designated paper sheet 70 comprising a Yankee-side layer 71 a center
layer 73, and an off-Yankee-side layer 75. Paper sheet 70 then passes between
calendar rolls 112 and 113, about a circumferential portion of reel 115, and thence is
wound into a roll 116 on a core 117 disposed on shaft 118. The removal of excess
coating from the dryer surface is effected by means of a second doctor blade, 114,
so-called a cleaning blade.

Also, with respect to the process conditions for making exemplary paper
sheet 70, the paper web is preferably dried to about 80% fiber consistency, and more
preferably to about 96% fiber consistency prior to creping.



In the present invention, the sem -dry tissue paper web is secured to the
.heated drying surface, so called a Yankee dryer, aided by neans of the

crepi ng adhesives applied in the previous steps. The web is
secured by contacting it to the drying surface. Mst preferably,

pressure fra@osiaasapposi ng cylindrical drumis provided topgchisevmsssz-uni f orm
adhesion of the sem-dry web to the dryer. Vacuum may al so be applied to

t he web as it is pressed agai nst thq Yankee surface. Multiple Yankee
dryer drums can al so be enpl oyed in Ehe present invention.
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boom 108, pr efdensited\creped tissaé baﬁeﬂgnd high welk Qincmpdétdereped fisi®paPer. Ng cationic
pol yan de resin. Adhesion of the web is pronoted by use of the opposing

cylindrical steel drum 102. Drying is conpl eted on the steam heat ed
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G sposed o S ot W THLBF Bried enpodifRhl the Bied dhaiepapes Pg ey or
surface is ef finentdon bas ardensity Wns%ewrﬂioﬂmlﬁrmﬂlmet 0.8 ghkm? and, wstal | ed a

cl eani ng bl adgyreferably, between abotit 85 gyunﬁthnaewg,{ﬁ to the process condi tions
for making exenplary paper sheet 70, the paper web is preferably dried
to about 80% fiber consistency, and nore preferably to about 96% fi ber
consi stency prior {Ibegresent inyention is further\Agplizable 4> @lti-layered tissue paper webs.

PCT/ US97/ 0835 Aissue structures formed from la ered paper webs are described in1G.S. Patent

e, BLESENt BGRB9S RRBECN LRELEI | s

paper; hi gh bilakstenst issued Novemb@'nﬂ.fl%li U.Se Patent Nos 44 66,89 Dunning étiakh bul k,
unconpact ed crgp&r Aulgsst X8, N3P and European Patent TADIicdtRANo.! 0 SIE9MAR]] Webs

of the presentgy “Va%”éaP BN Segodnver 71999 M SH'which are incorporated herein by
reference. The fayers are preferably comprised of different fiber types, the fibers
typically being relatively long softwood and relatively short hardwood fibers as used
in multi-layered tissue paper making. Multi-layered tissue paper webs suitable for the
present invention comprise at least two superposed layers, an inner layer and at least
one outer layer contiguous with the inner layer. Preferably, the multi-layered tissue
papers comprise three superposed layers, an inner or center layer, and two outer
layers, with the inner layer located between the two outer layers. The two outer
layers preferably comprise a primary filamentary constituent of relatively short paper
making fibers having an average fiber length between about 0.5 and about 1.5 mm,
preferably less than about 1.0 mm. These short paper making fibers typically
comprise hardwood fibers, preferably hardwood Kraft fibers, and most preferably
derived from eucalyptus. The inner layer preferably comprises a primary filamentary
constituent of relatively long paper making fibers having an average fiber length of
least about 2.0 mm. These long paper making fibers are typically softwood fibers,
preferably, northern softwood Kraft fibers. Preferably, the majority of the particulate
filler of the present invention is contained in at least one of the outer layers of the
multi-layered tissue paper web of the present invention. More preferably, the



between 10 g/nferr] and about 100 g/nferr]. In its preferred enbodi ment,
the filled tissue paper of the present invention has a basis weight
‘bet ween about 10 g/nferr] and about - 50 g/ err] and, nost preferably,
bet ween about 10 g/nferr] and about 30 g/nferr]. Creped ti ssue paper
webs suitabl e wowadses present invention possess a density of PﬁB’HﬁT”“g’sEO'
g/cnferr] or less. Inits preferred enbodinent, the filled tissue paper of
t he present i nvention has a density betmeen about 0.03 g/cnferr] and
about 0.6 g/cnB8 and, nost preferably, between about 0.05 g/cnferr] and
0.2 g/cnferr]. majority of the phhizulatectilentf the peesérit diventionf is icbitained) inpboths abkte t o
mul ti-layered tiggie ag&ger webs. Ti ssue structures fornmed from | ayered
paper webs are descri in U S. Patent 3,994,771, Mrgan, Jr. et al.

i ssued Novenber 30, 1976, U.S. Patent No. 4, 300, 981, Car stens, issued
Novenber 17, 1981, U.S. Patent No. 4, 166,001, Dunning et al., I ssued
August 28, 1979, and Ebe orepedhtisSae paper Prodiits made fromaingie-18yededoqromplti-layered
Edwards et al ., bd G Efpef%ma@rca.? belsffe-pip! lissf pHIALEE G MultilRP Rt ed
her ei n by refe nce | ayers are pref erably corrprl sed of different
fiber types, thePf® typically being relatively |long softwod and
rel atively short har dvvood fibers as used in multi-layered tissue paper
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fibers having andewatesmge fi ber | ength between about 0.5 and about 1.5 nm
preferably | ess than about 1.0 mm These short paper neking fibers

typically conpri se hardvg fibers, g ef erably hardwood Kra t fibers,

and nost preferably Morgpreigeables yasiations. Bape 8 rRsesy 8 dhe giresed ab) y
conprises a pri nminvention imckadé ahg/so-calle(tcpmmtdmﬁed)ineﬂmﬂaun wehich thenmgsybamer

making fibers hayq ris.;mgwaed r}gmeﬁfm bunkﬁgatof%m%nyao@m
These | on aper er

prefS er abl 3 P ngrt Hﬁ?ﬂys‘gﬁt%ﬂﬁg’lﬁ ‘fﬁ"‘“gg{) %Fé?'é‘f\gg'bgﬁh eaﬁéf’éj%l‘if"‘??’%’f t he
particul ate fwithincthe hfghlbhlk ﬁehbs‘ﬂtethxglthnﬂnﬁqld)m alternativelyaihsracterized s alfieldst
one of the outer &%rﬁ e d 'mh@ﬁé% rdaRa" 108 kickie®

t t WO 445
gé%s lngg 7} 8;32; OT‘eglons The dens Xes may be discretely thhm dge high bulk ﬁe]pa?ror ity

of the parti cul atmmyfbelintencomected @itherduallyrdr partialty) within the highy bélk fieldd Prefedably,h of

the outer | ayfd Sones of relatively high density are continuous and the high bulk field is discrete.
Preferred processes for making pattern densified tissue webs are disclosed in U.S.
Patent No. 3,301,746, issued to Sanford and Sisson on January 31, 1967, U.S. Patent
No. 3,974,025, issued to Peter G. Ayers on August 10, 1976, and U.S. Patent No.
4,191,609, issued to Paul D. Trokhan on March 4, 1980, and U.S. Patent 4,637,859,
issued to Paul D. Trokhan on January 20, 1987, U.S. Patent 4,942,077 issued to
Wendt et al. on July 17, 1990, European Patent Publication No. 0 617 164 Al,
Hyland et al., published September 28, 1994, European Patent Publication No. 0 616
074 Al, Hermans et al., published September 21, 1994; all of which are incorporated
herein by reference. |

To form pattern demsified webs, the web transfer step immediately afier
forming the web is to a forming fabric rather than a felt. The web is juxtaposed
against an array of supports comprising the forming fabric. The web is pressed
against the array of supports, thereby resulting in densified zones in the web at the



The creped tissue paper products nmade from single-layered or nulti-layered
creped ti ssue paper webs can be single- ply tissue products or nulti-ply

ti ssue products. The equi prrent and net hods are well known
to those skilled in the art. In a typi cal process, a | ow consistency
pul p furni shyos7ssssvi ded in a pressurized headbox. The PhoEdY@R3ITIas an

opening for delivering a thin deposit of pulp furnish onto the
Fourdrinier wire to forma wet web. The ¥6b is then typically dewatered to
a fiber consi stency of between about“7% and about 25% (total web wei ght
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fl 8?1; g?? i ssus OW@@%'&%&PPM/&%&@ ﬁf;hﬁ?i%fgé dl‘:l%gg%'ean gﬁtent

Publ i cati on Nodryowed) whilesthe gemi-dry wek js o, said qpnng fabmg fos frm lgy éﬁ’!ﬂ?f 28,

1994, Eur opeanstiigtueéit Publication No. 0 616 074 Al, Hermans et al.
publ i shed Septenber 21, 1994; all of which are incorporat ed herein by
ref erence. To formpattern densified webs, the web transfer

step i mediately afmr pattern a&wsmhﬁwkma tbqnavfaﬁidad}?erfahrdrﬁdr:at her

Compr Lsi ng. & heFRE ggfftfﬁ‘ﬁ ol g me BT el b Fresftl YRGS, oy o
supports, therpss m byt 8% t@ahaytiSSiof; erqudmsgmmua‘wetqunses WD
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The array of supports is preferably an imprinting carrier fabric having a
patterned displacement of knuckles which operate as the array of supports which
facilitate the formation of the densified zones upon application of pressure. The
pattern of knuckles constitutes the array of supports previously referred to.
Imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and
Sisson, issued January 31, 1967, U.S. Patent No. 3,821,068, Salvucci, Jr. et al.,
issued May 21, 1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et al., issued March 30, 1971, U.S. Patent No.
3,473,576, Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065, Trokhan,
issued December 16, 1980, and U.S. Patent No. 4,528,239, Trokhan, issued July 9,
1985, all of which are incorporated herein by reference.

Most preferably, the embryonic web is caused to conform to the surface of an
open mesh drying/imprinting fabric by the application of a fluid force to the web and



20 _locations geographically corresponding to the points of contact

bet ween the array of supports and the wet web. The remai nder of the web

"not conpressed during this operation is referred to as the high bulk
field. This high bulk field can be further reduced in densit bz

appl i cati on ofoéiaasd® pressure, such as with a vacuum type d%‘?l”ﬁé"”“ 3Hr a

bl owt hrough dryer. The web is dewatered, and optionally predried, in such
a manner so as to substantially avoiddfﬁnpression of the high bul k

field. This is preferably acconplished by fluid pressure, such as with a
vacuum type dewhéeaffer thermillyopredrivd CorOfidI FabAE as Phrt E aGbWAdeRbity Memem?l cally
pressing the web against an array of supports wherein the high b

field is not cdﬁﬁ %¥sed. The oper ati ons of dewat eri ng, optional
predrying and formation of the densified zones may be i ntegrated or

partial ly integrategofhef %H%nt Be thOtrbcelsinEd Qtep. Qfmd?iidéae&ﬁhxﬂgth%tﬁﬂé?en
performed. The m)l ﬁture fﬁ"' of. th sem

ol N
transfer to thdnvention jcludes the ormatio 2 lﬁ‘gr\%‘éw é.'oﬂfma ée“ﬁ'hf'd air
forced through multidayeeed; tissue papey W@“Wﬁlmhtaheafsm% lmélbsl Patent ai d

formng fabric ww‘owmsaed Modqmsx. tsalvuccnsmuﬁtn&&N Ylannos on May ZNqopat tern

o o pa LSt B 200 A3 R ity o Beciht Ao Wibommel
i nvent i on, Rickiard Hehyttef D@rﬂﬂ&bdﬂt 1880, both tafuwhisls Hreo fincotperatede herdint b sue

paper ‘surface GefRibsCh g mm&§&%$mbm b&.&iﬁe&nﬁnﬁﬁ&w Hﬁn@'ﬁtﬁ%}ty of
at | east 125% of the densi b

array of suppor¥¥E p?'%fpé?éfﬁ%y LR nt Pﬁb‘rc'&?'?“?geﬁ’%rq‘ca Heremingus,
patterned di splfaoeing mirecsticl ane Epurdrinies wire op form @ wet webedraining the fvels aor t s
which  facil iembéing m.émtwmmn me.aeleasaoiﬂpeas:&pﬂﬂﬂ theP0& BRI fieAl | ON

b evt ousl'y  ef PpeleS oF & sl 8ok M Ercbing ST e (Wi ot PP w BB s
Pat ent No. 3, BOImemﬂe\wqinzruldathmnal drangsdﬂ:,e ressn!tugd:trnam;asy ®ft bui 987k U. S.
Patent No. 3,8 Balk sheet \of Gelativelyy uncompatt '%ﬂg'\ﬁﬁeﬂusg embl,HOS

Patent No. 3, 97 5 Avers ed Au ust 10 1976

3,573, 164, Fri&?Bg%gP@P%QF oF the welbpri 3&'??1’?& 1971, U.S. Patent No.
3,473,576, A_rmeus i ssued October 21, 1969, U. S. Patent No. 4,239, 065,
Trokhan, i ssued m.s%bﬁi relal&bema PackceSof Rt @.iend\mvenﬁoﬂ&l&@gme

eforonce. . abilty t inprove e 23R ot e fop “ P nE%e & Bpia e
conformto the @Mmmﬂtminfthe sl;qsebstwemhhdcrypmbladqmdnhemgl fabric by the
application of a fluid force to the web and
While not wishing to be bound by theory, the following is an attempt to
explain why the invention provides the advantageous adhesion. The cationic
polyamide resin is a specific adhesive for cellulose and is capable of producing quite
high bond strengths. However, it forms a thermoset film which does not re-wet well
on subsequent passes. The polyvinyl alcohol is rewettable but has a poorer adhesion
to the semi-dry web. The invention provides a stratified coating, which utilizes the
polyamide resin as a coupling agent to provide a link between the cellulose of the
semi-dry web and the base coating of polyvinyl alcohol. The present invention is
advantageous to a simple admixture because the presence of the polyamide as a
discrete coating provides more effective contact with the semi-dry web compared to
mixing it with polyvinyl alcohol which causes it to be less concentrated at the surface.

The term “Strength” as used herein refers to the specific total tensile strength,
the determination method for this measure is included in a later section of this
specification. The tissue paper webs according to the present invention are strong.
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‘thereafter thermally predried on said fabric as part of a | ow density paper
maki ng process. Anot her variation of the processing steps

I ncl uded ‘W two svdabs present I nvention includes the forneET/o3970%357 .-
so-cal | ed unconpacted, non pattern-densified mul ti-layered tissue paper
structures such as are described in U. S.of’atent No. 3,812,000 issued to
Joseph L. Sal vuccr, Jr. and Peter N. Yianhos on May 21, 1974 and U. S

Patent No. 4, ﬁJun mﬁsdmtpmtmﬁae.dé toﬁﬁréaﬁL,stéhaﬁfg atte G&grbﬁie and

Ri chard Schutte 0 e are 1 ncorporate rein by
ref erence. Wérﬂ?’eﬂféﬁﬁ%@?&fhwtpéaﬂ@ﬁﬁmdenm fied multi-Ilayered

ti ssue paper structures are prepared by depositing a paper making

furnish on a foramri.ettaum.raytearttsa% eew%u%ttﬁ%.ﬁvﬁ dad %Eqserw"Lgn o form -

a wet web, drai r enmoyvi,n |t|on ter wt

mechani cal coﬁs@g?'bﬁﬁm r"‘T’fEl ‘ﬂ’é“’m mulg- lggfq%bg§sue Papesnwehs; Ecipawredat | east
30% and cr eprmmhdy\aéhnta\gm usesof thermuiti-dayéned tissué papee veb wf this ineentionn y
ewat eri ng and, wea
G bul K shoct o hg) W WROBCANid pas 0 B UELRE, dd 'ﬁ"'ﬁit‘rr"%%“é
preferably  PIpginrequctssap, ?&T°§'1‘F§8 m %Wﬁ%‘d’ he; Rogsept dnyep

The advantages related to the practice of the present |nvent|on i ncl ude the

ability to inprove the speed gf 133 qremﬂg ation by virtue of
Rd?h ? et ?&

| mprovi ng the adhesi on or con etmeen the creping bl ade
and the reel. Whil e not wishing to be bound by theory, the
follow ng i s an at tAaMensity expl ain why the invention provides the
advant ageous adhesi on. The cationic polyam de resin is a. speci fic
adhesive for cellul gse and is (f ﬁ\gbl e .of producing quite hi gh, bond
strengths. However ,Ihedensity of mult-layereg, tigsue paner, agithatteqm isused, hereid, isdhe we| |
on subsequent qyaagedensiryrealqnndtyd/m;ﬂe basis eleight ofStharcpapet dibided by théedliper, poor er

adhesi on t ﬁ 9{?; ﬁtﬁ;?té WEP co U&&dn&“ﬁ% Pd?ed’ilﬁ)’eﬁrpel?ah??rz&f itle! folﬁd

coating, whi CD cou

provide a lin m&‘ﬁﬂ‘ﬂ@' E’e‘l‘ E‘S’n:éﬁ‘et‘{\'é &éHP@F&W “Qﬁ%“!ﬁeabase

coating of polcpmprgskwalow&%gliﬁﬁelqosmﬁ). invention is advant ageous to a
si npl e adm xture because the presence of the pol yam de as a di screte

coating provides e effective cqontact wth the sem-dry web conpared to
mxing it with poln&l W“%EWM s it to be less concentrated at
t he surface. The term 'strength” as used herein refers to the

specific total t enslr stthguishing M&Eﬁ&’n@ &a};& eriéehﬁféﬁali% jﬁﬂ
measure i s i ncI a at er sect ], Mﬁ%‘?ﬁ &%t.l oq e tissue
paper webs acc‘B R.Propesties jyhic &P in 3 diversity

of apphcattons 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 molecular 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 expressing

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 (Mj), it is possible
to define several useful average values. Averaging carried out on the basis of the
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generally neans that their specific total tensile strength is at |east
about 0.25 neters, nore preferably nore than about 0.40 neters.

The mul ti-| ayeweehidasmsue paper web of this invention can be PESEHSYAS3%hy
application where soft, absorbent nulti-|layered tissue paper webs are
required. Particularly advantageous usegg of the nulti-layered tissue
paper web of this invention are intoilet tissue and facial tissue

products. Both simBérCofdimsledsles (N tdf- P lpkrticilss bige (M;PPRRE tHe! NowiSérSAGaagebe
produced from t% vveﬁag‘@; &he present invention.

Anal ytical and ‘gﬁu %‘ edur es A. Density The
density of multi-layered tissue paper, as that termis used herein, is the
average density cal cul atedfs < geNbRfi s wei ght of that paper divided by the
cal i per, with the appropriate ?ﬂiﬁt conversions incorporated-therein.
Caliper of the multi- | ayered fi'Ssue paper, as used herein, is the

t hi ckness of the papén imporiant donsequenge rof this definitiom iscthot the NumberoAvgage
g/inferr] (15.5Mdleduia?  Whikht in grams containd3AvPAdees! NUmbeE| M iolelill&d M et | on
The essenti al dl%g ui hl[] lCh%ﬁgt%” St.lstC of.ﬂg | neri ¢ Qaterl alff I.s their
nol ecul ar si ze. %}8@8}9 res IS cRnsstEnt o dt Jﬂ%’?" SpEse, o in a
diversity of spgsies, icamolepuleschaving the-ganps smolegular weight. {Qferare sighificance is the

macr o- ol ecul ar r&aphiién thhfif fe BBMbrdF moldelies MGl @venfast bf 4 ol}di@i@eﬁa & al's

it Is essential to have so means 0 I ni ng” and dej.er gi.nin heir
nol ecul ar wei ghtcgntéﬁgﬂmgﬁ? some RAvdnee Hins £40 I%'u‘i‘?"b‘med s 'W's%r‘%‘ %3815 r ect
to use the ter mofedlligativepropértycméeaswrements r at her the nol ecul ar wei ght, but

t he latter is used nore generally in palyner technology. It is not

al ways practical to AveragingPhithe-basisiof the weishitdragtions (Ws} of Molerules-of a given, o |
this i s becom ngnaspfMi) ieadsenhe defipition bf WeightsAvegageMaisculad Wedghits c t echni ques.

Rat her, recourse is nade to expressing nol ecul ar size in terns of
nol ecul ar wei ght aver ages. Wbl ecy) ar Wi ght Aver ages
g g ‘Mw - Z!M. I!. = ZN.L!':H g g
Wi ZINiM

My is a more useful means for expressing polymer molecular weights than
M since it reflects more accurately such properties as melt viscosity and mechanical
properties of polymers and is therefor used in the present invention.

C. Measurement of Panel Softness of Tissue Papers

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

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



If we consider a sinple nolecular weight distribution which represents the
wei ght fraction (Werr]) of nolecules having relative nolecular mass

(Merr]), it is possible to define several useful average val ues.
Averaging carried out on the basis of the WD 97/ 44526
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nol ecules (N[err]) of a particular si ze (I\/[ err]) gi ves the Nunber Average
Mol ecul ar Wi ght ﬁ An i nport ant
consequence of this definition is that t 2 Nunber Aver age Mol ecul ar

o %, B AR i N R T

of nol ecul ar wei gh erse

speci es, i.e. Agrabed s Mamah on; RensaryrEeshpg deth Spegial fchnical
signi ficance i Bulilhetlon mpp@isheﬂdiy th&AﬁlemdantSbeleﬁlmb%sthk ant MateHaliS1968 a

Morr] can belE ﬁ’ﬁ& fbd kil %‘r@ffhmc Sofisip SRIEAAY, LSRR | O
property measubEngiwhat is referred to asyy Paired Piffesence nkesta Jhe 'Mth‘!‘hémgbﬂglﬂt
fractions (W estajdard fexteiiab eo!1IRs teaf nﬁteﬁawmlf F&rsS fachill[ ek deivied | sBRAkEs t@ot he

definition of yﬁp%}taréa%?gei% leEil tﬁ&%@gub@ &m!o% s thg lLﬂ.m lls and tﬁ? gub{ M err]

I's a nore useful “means’ for expressin

Merr] since i feapised toghgoseqne °§ﬁ’€ﬂr°&t‘@? W§G€F¥%‘Fé®@ﬁﬁ e’B‘ee(Ss“H@If f‘MﬁFScom ty
and nechani cal is repgotabiv WhﬁSwQ&feﬁedydms&'aﬁICScbfe Uhie(BSU). OWitlel réspectNe

Peal 1y, pri or *ies eptingcto AT e e‘% iRhed BRARTRPSY, o biphE 1001 G
be softness panel tests are performed. In each test ten practiced softness judges are
asked to rate the relative sofiness of three sets of paired samples. The pairs of
samples are judged one pair at 2 time by each judge one sample of each pair being
designated X and the other Y. Briefly, each X sample is graded against its paired Y
sample as follows:

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

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

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

4, agrade of plus four is given to X if it is judged to be a whole lot softer than
Y, and a grade of minus 4 is given if Y is judged to be a whole lot softer than X.

The grades are averaged and the resultant value is in units of PSU. The
resulting data are considered the results of one panel test. If more than one sample
pair is evaluated then all sample pairs are rank ordered according to their grades by
paired statistical analysis. Then, the rank is shifted up or down in value as required
to give a zero PSU value to which ever sample is chosen to be the zero-base
standard. The other samples then have plus or minus values as determined by their
relative grades with respect to the zero base standard. The number of panel tests
performed and averaged is such that about 0.2 PSU represents a significant difference
in subjectively perceived softness.



condi tioned according to Tappi Method #T4020M 88. Here, sanples are
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Sof t ness testi nORY TENSILE SFRENGTH: pai red conparison in a formsimlar to

t hat descri bed i n Manual on Sensory Testing Methods", ASTM Speci al

Techni cal Publ i Catl“h??eg ¥ stre ':4 &Q&ﬁm%x o%tbele%%& {Zego&sg;nx usl[nﬁ'la'estl ng

and Materials 1968 here ence €ss i s

eval uat ed by sutfhaing-4ibest dateleptill S‘a'lqsfdn Teses ('Iré grAdkert Instaument €0, ed
Di fference Test .109¢®DirbhRd. emmddamma,am, 19153)) d Thid nfetiod" b arterded Fdreuse &mt

mat eri al itselfa-'Eg 4&@&1 ‘E&gg‘@{ \Aﬁaﬂxé%{xﬂ&%ﬁv&%@ ocksarrpl es are presented

such that the s e subJ ect is

required to choqsa Qn ictil e softness. The result
of the test SAMPLE CON 3 ; as Panel Score Unit
(PSU). Wth respect t softness testing to obtain the softness data
reported herein in PBdpr w tevsid testing, the pape samples tpbenested siould ter congiciogedr med.

In each test tenRepy, % ﬁmmemaz@ms A 1asnesaﬁa?<aa,se9 bB?trdepaE%ng

relative softness o ree set alr Irs npl es
are judged one ﬁ%ﬁ?“agtm‘é’tﬁf’ ﬁ*}‘ Y & Eifdbqﬁd’ép%"a?ﬁﬂ!’@s Rorcto testing; rﬁl?el ng
desi gnat ed X angapéresamplasshoiid bBrcnﬁﬁtlgned darcin ledsts:’ahqnheat agelgtivecmhidityeofi 8t i ts

paired Y  sanp) gzﬁsanﬁ%{Wteqpmtur? range of'Lz es%l?b%?argmo#n% A ven

if Xis judged to ma € SO nus

one is given if 23Pects ?‘8 elgnsilg tmsehmé “”H Ipl“%df'fhé\' ﬂtehmﬂ%s of

2. a grade of plcosstanteenperagure amd himidity momudged to surely be a little softer

than Y, and a grade of mnus two is given if Yisjudgedto surely be a

little softer than X; | us h{)eﬁ i ven to ifoit
f

) 3. gr ade
is judged to be a | off o Bnished Product. %.sc" any oYen #EPF & gj ven
if Y is judged tfourhesable units (alsb ttermed IsheetsX andistdck one duampltp.the other to form a

long stack with the perforations between the sheets coincident. Identify sheets 1 and
3 for machine direction tensile measurements and sheets 2 and 4 for cross direction
tensile measurements. Next, cut through the perforation line using a paper cutter
(JDC-1-10 or JDC-1-12 with safety shield from Thwing-Albert Instrument Co.,
10960 Dutton Road, Philadelphia, PA, 19154) to make 4 separate stocks. Make sure
stacks 1 and 3 are still identified for machine direction testing and stacks 2 and 4 are
identified for cross direction testing.

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

For unconverted stock and/or reel samples, cut a 15" by 15" sample which is
8 plies thick from a region of interest of the sample using a paper cutter (JDC-1-10
or JDC-1-12 with safety shield from Thwing-Albert Instrument Co., 10960 Dutton
Road, Philadelphia, PA, 19154) . Make sure one 15" cut runs paralle! to the machine
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softer than Y, and a grade of mnus 4 is givenif Y is judged to be a
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beI the zer 3- ?Gﬁ&._tion amamdaﬂﬁr mﬁbml@?{zhs&mg&cmﬁmﬂéa/ﬁrmgwetﬁi nus

val ues as eterm.ne el r reilatlyve a I ecC Q. e zero
base standard."'o“fiﬁ‘gm ‘b?%e#q%ﬁst %a}i‘rollé a%é’srflgm ‘ﬁ'@?‘fyom%t%ﬁzﬁa‘?}’gr M3 s such
t hat about 0. fempeature pange of22 ton24 G n Samnple preparatioreandralicaspects of theitsnslet i vel y

percei ved sof {egigSshould also takd'\Plae/ withiadfe confines of the constant temperature and
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Measur enent oﬁ“@f‘i”é%‘f‘h of Tissue Papers DRY TENSI LE STRENGTH: _
The tensile strength is deternined on one inch wde strips of sanple using
a Thwi ng- Al ber t Friom thisqpreconditiGiedridhbyl 15 smmplee whieh tise8 plisshthick,geuvbifirer t

I nstrunent COgyips 1 @Wtﬂﬂeﬂ&%ﬁdﬁnzfsﬁﬂd rafihd Pdrallel fofth %ﬁﬁ% direbiby et hod
is intended f use on f1 ni shed, er products, reer sa es. and
unconvert ed sg’r(? ese mPlE’AﬁF‘EWW‘R@ uRgenysdied stosk spples. Cut an

Prior to tenshadditionakfoumsipst by 78 pith thedomg Z'sdimensipa roreirigeralleleu ithie dvess

condi tioned girgfioR" Wotkhhbse sdmples Mﬁ%&%ﬂm%%ﬁmﬁﬁeﬂ:&ﬂs&ﬁ ggd paper
board packagi R&Bﬁ%’ga erials nust be carefull rem)v$ romthe Eﬁger
d for at

sanpl es prior I previoys guts are,made using 3, paper cytten (IDGrd-1001HDG-
| east 2 hour swith safety| shield/ dromurThNingyAlbert 4Bstruménd CGR 2018960 \Bxittonn Raad,
tenperature r sa 2@ t [ poviags] tagahﬁ' a bl 90 aspects
of the tensil gﬁ?gesl J R 12% ?'?ﬁ’@f@%?@@ B‘l atgtgp&mp'%f'n t ia"con*. iqng ,7of t he
const ant tenp&PBE ¥ gﬁdgﬂ ithck yith s imension running:garaliel to thes. duct,
di scard any ddmection apd dolurck". by\N&k strips evlichcar® 8splies phiclofwith the 7" dimension

sunning parallel to the cross direction.

PERA’ F E

For the actual measurement of the tensile strength, use a Thwing-Albert
Intelect Il Standard Tensile Tester (Thwing-Albert Instrument Co., 10960 Dutton
Rd., Philadelphia, PA, 19154). Insert the flat face clamps into the unit and calibrate
the tester according to the instructions given in the operation manual of the Thwing-
Albert Intelect II. Set the instrument crosshead speed to 4.00 in/min and the 1st and
2nd gauge lengths to 2.00 inches. The break sensitivity should be set to 20.0 grams
and the sample width should be set to 1.00" and the sample thickness at 0.025".

A load cell is selected such that the predicted tensile result for the sample to
be tested lies between 25% and 75% of the range in use. For example, a 5000 gram
load cell may be used for samples with a predicted tensile range of 1250 grams (25%
of 5000 grams) and 3750 grams (75% of 5000 grams). The tensile tester can also be
set up in the 10% range with the 5000 gram load cell such that samples with
predicted tensiles of 125 grams to 375 grams could be tested.

Take one of the tensile strips and place one end of it in one clamp of the
tensile tester. Place the other end of the paper strip in the other clamp. Make sure
the long dimension of the strip is running parallel to the sides of the tensile tester.



four usable,units (also terned sheets) and stack one on top to the other to
forma | ong stack with the perforations between the sheets coinci dent.

I dentify sheets 1 and 3 for machine direction tensile neasurenents and
sheets 2 and 4 for cross direction tensil e neasurenents. ?3);‘3??7,
t hrough the pWOagMdi2bon | i ne using a paper cutter (JDC 1-¥ ~1-12
with safety shield from Thw ng- Al bert Instrunment Co., 10960 Dutton Road,
Phi | adel phia, PA, 19154) to nmake 4 separat?d stocks. Make sure stacks 1
and 3 are still identified for machi ne direction testing and stacks 2 and 4
are i dent i fi edsof makecsupsthe dirips arei apt overbariging. to the either side of thetwo wlamps. wi de
strips in the nmagBidifont tHeGiréssiRtB of ERN0P iR Cladnpd niSChedn AlldontalPwith the papdrde
strips in the cros‘g1 direction fromstacks 2 and 4. There are now four 1"

wi de strips FYPPfrachi ne direction tensile testing and four 1" wide
strips for cross direction tensile testing. For these finished product

Sﬁmoi e)s, t ﬁ! I kei ght  LAfef wlSertidg the papef estf str¥Finto thﬁ&a@g}anpwirksﬂ;séﬁ}nsﬂlt&@roﬁedt
sheets i ck. . Ok - verte ock and/ or ree es.  cut a
15+ by 15" Sanpict® b mepitored e i MR EUaoftS B 38 o ehe SamoleHod B

t he sanpl e usi néoavesseli if aperiodof 2t xecands Passes afier staxing tieotesti biefore arfyexalreshi el d
from Thwi ng- Al by decdriied, inetBrMlle SRp is td QARG Dut t on Road, Phil adel phia, PA,

19154) . Make sure one 15" cut runs parallel to the nmachine WO
97/ 44526
PCT/ US97/ 08357 Start the tensile tester as described in the tensile tester instAgnent magiial.ect i on

while the other TheRgst RREGhpiGte aher the rdsEiRad attomaridally PeturlYd k& it$ il s3Ringanp! e
i's condi ti oned .f.or I‘gt Ie@st ééﬁoﬁ‘]’@ ?t arel akl ve hum |I¥ of 48 10 52%
and within a  POuHML Beadand fecord thetenslls lqad inypits of grams from the instgpmegt,seale; o,

and al | aspect s opthetdigital panglithater to thegwaiestgnshoul d al so t ake place within the
confines of the constant tenperature and hum dity room From

this preconditioned " by 15" sanpl.e which is,8 plies thick, cut four
Stripe 15 by 7wt hi FiE Tt PoRSOGR i ASt B aHpmstray of e, PR e
direction. Npexforirithe oecessany! adiustmentrtociet the imsimmenti damps ¢e theigrinitial startingr t ed
stock sanpl es. Gaiitighs. InsefCihe ine@ Fhiper SHp intb thePBvolclams os debbritied lab6vel 4439 7"

di mensi on runnin aral l.el to t.he . ré}ss %egt | xfn.“%&%}égfe@ei‘gsangl es as
cross direction oPte 2 tepsile reading ip pnis ofgrams. Qbtaip tensile 1 the, pap
previ ous cuts atest swipe Usshoyldzbenotes thet teadings(sh@d@d be réjecsed if @R strip Rlips orwi t h
safety shield T ihagkdin\Yr 30the edife"df teShnips WslE pérforming @ist DUt t on Road,

CALCULATIONS: :

For the four machine direction 1" wide finished product strips, sum the four
individual recorded tensile readings. Divide this sum by the number of strips tested.
This number should normally be four, Also divide the sum of recorded tensiles by
the number of usable units per tensile strip. This is normally five for both 1-ply and
2-ply products.

Repeat this calculation for the cross direction finished product strips.

For the unconverted stock or reel samples cut in the machine direction, sum
the four individual recorded tensile readings. Divide this sum by the number of strips
tested. This number should normally be four. Also divide the sum of recorded
tensiles by the number of usable units per tensile strip. This is normally eight.

Repeat this calculation for the cross direction unconverted or reel sample

paper strips.



Phi I'adel phia, PA, 19154). There are now a total of eight sanples: four 1"
by 7" strips which are 8 plies thick wwth the 7" di nmension running
parallel to the machine direction and four 1" by 7" strips which are 8
plies thick with the 7" di nmension running parallel to the cross
direction. wo®PHERTI ON OF TENSI LE TESTER For POBUSTOBASY- -
nmeasurenment of the tensile strength, use a Thw ng- Al bert Intelect I
Standard Tensile Tester (Thw ng-Al bert | runent Co., 10960 Dutton Rd. ,
Phi | adel phia, PA, 19154). Insert the flat face clanps into the unit and
calibrate t he t esAlbresults arerinbnits af gramsénéhnst r uct i ons given in the
operation manuagxAaMpiE Thw ng- Al bert Intelect Il. Set the instrunent
crosshead speed to 4.00 in/mn and the 1st and 2nd gauge lengths to 2.00

i nches. The break s FRRAR ld be set t.o 20.0,grans, d the sanple
wi dth shoul d be set,ﬁ?% @'%‘%S‘hg a‘%%?élﬁés Sgﬁﬁﬁéﬁ‘ﬁ‘fs&?ﬁe@g Prctige @ ghe present :
A | oad cell is iBanten. cHhisexamples intanded toraidiinthedescription oE thesesknt ifwentidrie
sanple to bebut,eint rxiway, eshoild theeifmerpeéitd as mitingoraé sédpe théBse The PrSent FOT

exanpl e, a 500 : or sanples with a predicted
tensil e range g?%g%'sg?g@ggf@g&tﬂ%é?g@&gégg‘?ans) and 3750 grans (75% of
5000 grans). qu t ensi | e tester can al so be set up in the 10%range with
t he 5000 gram | L h that sanples with predi cted tensiles of 125
grans to 375 grans coul d be tested. Take one of the tensile

strips and pl ace ondhisrfdlleying dis¢ussiomilusttatesia referdnbeprocess aotsintdtpéretdgothe Pl ace

the other end Gathie®ofRP Brescht invention. t he ot her clanp. Make sure the | ong
di mrension of the strip is running parallel to the sides of the tensile

tester. WO 4 .
PCT/ US97/ 08357 ¥irs(! &R 2ucous siumry of Northern Softwood Kraft (NSK) of about 346 ¢

make sure the <SOPsifencyis made up ysing arrgnyeytional phiperandnie passed throfight & stocko

cl anps. | N ilsk toivard, thé headbuxastIhg Fousdringach of the cl anps nust be in full
contact with the paper sanpl e. ' After inserting the paper

test strip into the I ' I ensj,on. . an b g tored.
If it shows a vdg ue,%%g t?;mnémo% %ogﬁ&t%g‘;{}%m go P‘g%‘b’g"fﬁ '."gt’ ng)‘
Conversely, if %ispgsiongfNafonal Starch CaBOND,1000® is prepared and is pdded te therNSK
before any val wtock pipear eeate dofficichthio deliveri 1% C4-BOND 3000 baded O 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 through a stock pipe to another fan pump where it is
diluted with white water to a consistency of about 0.2%.

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



Start the tensile tester as described in the tensile tester instrunent

manual . The test is conplete after the crosshead automatically returns
‘“to its initial starting position. Read and record the tensile load in
units of grams fromthe instrunent scale or the digital ganel neter to
t he nearest uWDw7/44526 If the reset condition is not T
automatically by the instrunent, performthe necessary adjustnent to set
the instrument clanps to their initial stgting positions. Insert the
next paper strip into the two clanps as described above and obtain a

tensile reading in lﬂ'ﬂe}c&mﬁési@rsﬁ is @dhaiged bR The ﬁ?j\feﬁligj? aﬂﬁﬁrfi%rcbmb dnid i§ he 4
paper test s . t Hﬁ; readi ngs shou e rejecte
if the strip slclieé'}sap%erd “L'Stgilﬁyai{(&sie | no'ggr;'dat% e °é‘85ge of the clanps while

perform ng the test. CALCULATI r the four machi ne

\S: F
direction 1" wide fi%eﬁQme&eg;?Fwegtﬁﬂm He %B‘tffi"mer ViieHi &b iadfibsr
recorded tensi | onsistantyrof aboubil ¥¥eche thelpoint ©f tradsfer toa pattained foriningtfibrizs of £st ed.

Thi's nunber sh : 508 :
ensiles by L Aed AR Heut oot fidon MAUBROARE doifioh 4R 7, oo RARE-

er %fcg e units per A
normal Iy five f@ifection monofilaments per inch, sespectively, 3nd,akowt 36 % knuckie area. Ropeat thi s

calculation for the cross direction finished product strips.
For the unconvert ed Futtherkdeswateringl is aacombplished ly vacuyrh @ssisteshdrainagk natiditthen, sum

the four indivigirhasa el dRsdstémRy of Avduf 28%li ngs. Divide this sumby the
nunber of strips tested. This nunber should nornmally be four. Also

divide the sumof r ded .. tensiles. t he, nu r of asabl.e units, per
tensile strip. This TS enrmgéuif&éﬁ.m@the patterfte gB'@ﬁré{’trﬁi b‘ecpiﬁﬁﬂf’%\t i on
for the cross owehispresdried by ainblomthrough ta obber sonsisteacy of aboysi2%shyr weight.

WD 97/ 44526

PCT/ US97/ 08357 The semi-dry web is then adhered to the surface of a 10 fi didifleter Yankee Al |
results are in Wértﬁdeﬁfby%r gi!%/eﬂ @&Bing adhmlxanﬁﬁsing a 0.25% aqueous solution of
polyvinyl alcohol. The creping adhesive is sprayed onto to the Yankee surface
through a spray boom equipped with three nozzles spaced across the width of the
dryer. The nozzles are model number 650050 obtained from Spraying Systems Inc.
of Wheaton, IL. The nozzles are directed toward the dryer surface and are located
about 25 cm from the surface. The boom is positioned about 1 meter from the point
at which the semi-dry web is contacted to the Yankee. The boom is pressurized at
about 100 psi. At this level of pressure, the spray nozzles deliver creping adhesive at
a rate of about 1.7 Ib/ton crepmg 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 183% 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).

A web tensiometer placed on the web traveling between the creping blade and
the reel detects the tension in the sheet to measure the degree of adhesion of the web
to the dryer.



The fol Lowi ng exanple is offered to illustrate the practice of the present
I.nvention. This exanple is intended to aid in the description of the
present invention, but, in no way, should be interpreted as limting the
scope thereof. The present i nvention is bounded only by the appended

cl ai ns. Rad oesnee Process This foll ow ng di SEaTsUsSInO83S7 - -
illustrates a reference process not incorporating the features of the
present invention. First, an aggeous slurry of Northern Softwood
Kraft (NSK) of about 3% consi stency is made up using a conventi onal

pul per and is passedrHe/finfsh&web &l @hberted itb ACthfeWa/ef s Eﬂfé@?%%ag%wk@g e

Fourdri ni er. . . In order to.i at r

finished pr oduc‘!e,“s'gedl%sue paafrslgg ‘g’ltt 8%“(@?%!’ ipﬁlhg#aB%?g’P yweightsonD 1000[ err]
stock pipe at a rate sufficient to

del i ver 1% Co- Elxacess Agcording to the Rresentdnveniti Bdry wei ght of the NSK

fibers. The absorption of the tenporary wet strength resin is enhanced

by passing the treatBhis dibaussion dlistoueytheprocess lof e presear invention incorporatihfe NSK

slurry is dil Uttﬁ@'a&\iaﬁ@gmmﬁt%ls?{getc&pﬁn %lfeste%e?f”Si stency at the fan

punp. An aqueous slurry of “elcal ypt "bers of about 3% by

wei ght is made up usj n conventional repulper. .The

eucal yptus is pas§eJhFﬁ*eB%ﬁﬁh%pW’émﬁW‘P@%W&"@&W‘FJM%P@“Ft i's
diluted with wemidoyawvedr prepared foo transferandhe ehted liloyer sGrfidéare repeated. In thidhe
slurries of NSKnggr QU | i GoinRd. HHal fFe oz

headbox sui t abl @q@@%ﬁﬁﬁllﬁggﬂil B Iea’vg{s% @Sﬁﬁn%%ﬂﬁﬁﬂ%rﬁ@gadm as
separ at e Iay‘é remans jngogtact wittthe pattetned forming-Bhae - Thy Rrp-daiingds A

t hr ee- chanber echghinzffectad by aif Bowsbmughitoe fiher edngistency of labout $2%bytwasight.ng 80% of

the dry weight of the ultjmate paper is directed to chanbers |eading to
each of the two out éﬁwlm,“’%F F‘@"Fﬁ@’?@? the gyrfage of a 48 fhdiametery Yades of t he

dry wei ght of tdsyeraided bph eprayedawoistage creping @dhekive.2a Chanber leading to a
| ayer between the two eucal yptus | ayers. The NSK and eucal ypt us slurries

are corbined at the feSeoakace of tidEreping Hafcsive s UefodtOd G Sdphaing' 4''012%s
aqueous solution of polyvinyl alcohol. The polyvinyl alcohol is Airvol® 540, a
product of the Air Products Company of Allentown, PA. The first stage creping
adhesive is sprayed onto the Yankee surface through a spray boom equipped with
three nozzles spaced across the width of the dryer. The nozzles are model number
650050 obtained from Spraying Systems Inc. of Wheaton, IL. The nozzles are
directed toward the dryer surface and are located about 25 cm from the surface. The
boom is positioned about 1 meter from the point at which the semi-dry web is
contacted to the Yankee. The boom is pressurized at about 100 psi. At this level of
pressure, the spray nozzles deliver creping adhesive at a rate of about 1.4 lb/ton
creping adhesive solids based on the dry weight of the web.

[

The second stage of the creping adhesive is deposited by spraying a 0.07%
agueous solution of a water soluble, thermosetting, cationic polyamide resin. The
resin is Kymene 557H, a product of Hercules, Inc. of Wilmington, DE. The second
stage creping adhesive is sprayed onto to the Yankee surface through a spray boom
equipped with three nozzles spaced across the width of the dryer. The nozzles are
model number 650050 obtained from Spraying Systems Inc. of Wheaton, IL. The
nozzles are directed toward the dryer surface and are located about 25 cm from the
surface. The boom is positioned about 25 cm from the first stage boom nearer in
proximity to the point at which the semi-dry web is transferred to the dryer surface.
The second stage spray boom is pressurized at about 40 psi. At this level of
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‘The conposite slurry is discharged onto the traveling Fourdrinier w re and
S dewat ered assisted by a deflector and vacuum boxes.

enbryoni ¢ wetw@dm44s36 t ransferred fromthe Fourdrinier wire, W"?’?’?‘Bsgr
consi stency of about 15% at the point of transfer, to a patterned form ng
fabric of a 5-shed, satin weave configgpation havi ng 84

machi ne-di rection and 76 cross-nachi ne- di rection nonofil aments per

i nch, respecti vpdeysurex ke Eﬁ?ﬁy.lhoﬁﬁsodekvw&i@lpmgaidhaswe at a rate of abdusrd. ds/ton

de-watering is c?r ﬁgﬁﬂeﬁbcf?%h Wﬁﬁﬁ\’vaﬁfﬁ%ﬂ{e%ﬂage until the web

has a fi ber cons le remaining in contact
with the patterned fmera dﬁﬁbfnb&ase&hﬂfbé«tdoﬁﬁ to abab94?4 bR tHE Wwellisby ai r

bl owt hrough to fi ne 2% by wei ght. The
sem -dry web is ﬁﬁ%&ﬁé‘&gﬁ% ﬁ’!‘hglﬂ’?‘g gﬁ%ﬁ’ a0 10 ft dianeter Yankee
dryer aided by a spr |

y y p nrnee‘{icforsﬂu@ﬂasaacﬂeea arraespm.rﬁ &Qn@éé%ﬂ@thg Wah

fﬁeugragﬂegfsurf%é%e&m fi 6’3?}8 yeg TPQ?W@%@E@F@%@%Q&B*#H? ‘fﬁg&'éznozzl es
380050 obt Sfﬁeéhf rY)“ eient e s adiot oo abOSR 1076y fRefief P PRGLUSREL |

are directed totheu %P""m}:@b%@ 4 meterypermaipute), while,the dpswelnist r om

t he surface. Thﬁadned)imo wllabs speed 6£6564pm(200Imereds per minies) he poi nt at
which the sem -dry web is contacted to the Yankee. The boomis pressurized
at about 100 psi . Amebiténsiometey placedionthewehitravelinghbetweanabe creping bladecandi ver

crepi ng adhesi Vﬁ:e%el deteéls Eh%ttéhslbix ﬁbﬁlﬁeei:JmLaQﬁJeQﬁb | JFddiRdioR OF e we! 1 dS
based on the e | ber consistency is

I ncreased to abWQ%% before the vveb s dry crep fromthe Yankee wth

doct bl ad ARt 25
geg?gegrandai g EOSI t one%b is veies ec?edﬁ%é?aﬁnwfigfgﬁpyer to pr ovi de an

e
i npact angl e of %fB%B‘!P"BEmG\éﬁ éb:,"““s'%l’“ nt crepe is adjusted

to about 18% by Operé{s.m.qaw. of 0 SRRnilucte b PhesenSWﬁtnqS\OiQ ghRLR L8P I

m nut e) (about 244 ers per mnute into
roll at a speedreseitsoefghe peference progesscare cpmparpd Wbéhgpresem invention. The\web

tensi oneter pl a?eﬁﬂoﬂ&ei 8&ecte R sighiléit intfeade in'he 'Adhedidon @b T agexbl ThiCtendild
the reel  det ot ardlf i g whith MAS s ) Sikcsks? o R e Sid80h S Lupd"es O"
and the sofiness score support the superiority of the process for making a creped
tissue paper product.
Despite having a higher level of adhesion, the two-stage coating has
acceptable doctorability, as there are no discernible differences in required blade

changes or adhesive-related sheetbreaks between the two-stage and the reference
processes.

The roll quality of the creped tissue paper made from the two-stage process
was judged superior to the reference process from the standpoint of weave and

wrinkles.

Reference Present Invention
Sheet Tension (g/in) 156 190
Tensile Strength (g/in) 431 400
Caliper (mil) 11.3 11.1
Softness score, psu 0.0 +0.15
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The finished web is converted into a three-layer, single- ﬂ@%ﬁ HAS BEEN
r

patterned densified tissue paper product of about 18 Ib_pe ED
ftlerr] basi woeigbis. Process According to_the Presentpdrvssnosssm .
This discussion illustrates the process of the prese€ i ntion

I ncor porating t he advant ages of the tgg-stage i adhesiVv ystem
The steps of the papermaki ng process | eadi ng up Jﬂ!ﬂgﬁ ’”ﬁ tion of

t he sem - dwhavklelaph&ligr ed for transfer to the*he ml rface are
repeated. In this manner, a second pre-dried web is fdrmed,+the
pre-drying again being conpleted . while the web remains in contact with
the patterned flor nmi fAdgrecess fof creping aptissuccpapemweti Som a heatgdidrying Siefatedailly ai r
bl ow-t hrough to a fﬁﬂaeéssemﬂ&izwmnm:cab.aﬂiesﬁr%%téfyogei ght. The
sem -dry web is then adhered to the surface of a 10 ft dianeter Yankee

dryer aided by a sprayed two-stage creping adhesive. The first
stage of the crepind adHayidiag p semiedsy embrohibtissuppapgi wep;a 0. 2% aqueous
solution of polyvinyl alcohol. The polyvinyl alcohol is Airvol[err] 540, a
product of the Air Brodapplyinganfirshyreping atlhesive sovthe Bdated Tdrping isuifice drage

. ey : o
creping  adhesive is ssardekmid@m,m&%ak&ﬁew@ﬁﬁmmhﬁ%égfay oom

equi pped with three nozzl es Spaced across th The

| del ngmb i ' ) B, e of
nozzl es are nodel ngnberapplying AAeRird eRip Qﬁﬂesfvﬁg@%lﬁgfe% ggvm Yontthiceor th o O

VWheaton, |IL. The nozzl es rrace and are

re ., , dirnect to . u
| ocated about 25 cmfro ma?f%@e?méﬁ@“w‘ﬁﬁﬂm Faumpsugs waerisalubla it 1
meter fromthe point at thsrmosettinge cationic pdiygmide besing contacted to the
Yankee. The boomis pressurized at about 100 psi. At this |evel of
pressure, the spraydnozzisesring siid semicdny Embgyonithwel be nidansiof Riid ik aapout 1.4

| b/ ton crepi ng adhesigggndQred E&faqE ' of .t he web.

The second stage of thes re i{r;ﬁﬂ% g?r%%s (szpos}sfxeﬁgid g%/“egpjrrgnygﬁg %0.07%
aqueous sol ution of a \/\é’f‘?f‘!%g drying of sadembryonic wehyis cempletedi ¢ pol yami de
resin. The resin.,is Kynene,K557H, a_product of Hercules, Inc. of

W | nington, DE. The?secSHPmS 'hggggmﬁgﬂiwmaw surfage byymegnbpfd to t he

Yankee surface through dlexiblesyepingdinde. equi pped with three nozzl es spaced
across the wdth of the dryer. The nozzles are nodel nunber 650050

obtained from pravid, %St SFCaint'T whetein St palyviny! slcohol s added in sufficient
amount to comprise from 30% to 95%, preferably from 75% to 85% by
weight based on the dry weight of the polyvinyl alcohol relative to the dry
weight of the total applied creping adhesive and wherein said water soluble,
thermosetting, cationic polyamide resin is added in sufficient amount to
comprise from 5% to 50%, preferably from 15% to 25% by weight based on
the solid weight of polyamide resin relative to the solid weight of the total
applied creping adhesive.

3. The process of Claim 1 or 2 wherein said polyvinyl alcohol possesses a
degree of hydrolysis between 80% and 95% and a viscosity greater than 35
cP.

4 The process of any of Claims 1 - 3 wherein said water soluble, thermosetting,
cationic polyamide resin is the reaction product of an epihalohydrin and a
polyamide containing secondary amine groups, said secondary amine groups
derived from a polyalkylene polyamine and a saturated aliphatic dibasic
carboxylic acid, said carboxylic acid containing from 3 to 10 carbon atoms.

-
This Sheet Has Been

il



nozzles are directed toward the dr_yér surface and are | ocated about 25 cm

st age boom nearer 11 proct AW MR i ch' VREVSEREET AS.0EEY |

transferred to the dryer surface. ¢ T¥he"setortd stage spfay b

pressuri zed avosiy@sas 40 psi. At this level of WO 97 /08357 - -
PCT/ US97/ 08357 - 31 pressure,
the spray nozzles deliver creping adhesigg at a rate of about 0.3 | b/ton
crepi ng adhesi ve solids based on the dry wei ght of the web. The

dryer drum i ncrseaseThé bmcésfsbeClaMnsﬁl&teﬁma;d épthatohgdtin i9 épiclierohydeintused lneb i s
dry creped fromt he Elﬁﬁw Q1o 1 rAGE tor bl ade
has a bevel angle of "abou %hgetgrlceaggtlar? |rs pgst?tﬂ}egﬁceogdv&ytaﬁb‘ gfj(Q@spect to

t he Yankee dryer rovi de e of abgut ., 81

The per cent cr%pe i 58}"&5"588 @ aRqI Eﬁ%h?gﬁlf'é’ghed‘ryer at
about 800 fpm (feet bpepmymmﬂtm;gh(aaimtbmsmélpe nyienicdmhhmm) ajuebus t he
?n'r%urgts)) I's forneq,sbé}g,gn hiNidg ?t()cﬁgc'{eﬁd?ﬁﬁﬂ wRiwdnD. éﬂ“ﬁ‘a&é@% r'ﬂ:l?/l%r nﬂe&fet ween
the creping bl ade aﬁEPh“m’t“r?Bg?”i F"“(fé‘gé'@?%' ﬁ @F@?"Bﬁ‘iﬁ‘&"?tw k?'ég'“{i
measure the degree odsindsappliedby sprayingahroeph a sprayobaadng said pelyamide resin being The

web is converted ini@a?lxe&ﬁ!cﬁﬁ:&sfé\i%wnéh@&k@m%%nﬁ&%&%@f’é’/{ﬁﬁd‘ﬁﬂ atRsi fied
ti ssue paper product 18 | b per 3000 ft[err] basis wel ght

out
Confirmation of theP 8'8‘/%???8‘5’39 ™t the present invention is gained when the
results of the reference process are conpared with the present invention.
The web t endi oneflbe process of any-ofLilgjms fli-ewher¢in said semi-dry webis paeflaesdibyn t o

tpe dryer. The tensdheemde:ﬁiﬁe&mtvbhekén ﬁﬁ%&%m&%! wfoﬁhstae be?m-%?y wesliscat or
Che super1 or ity of - EEed e A€ waFvori ety s5BRomsd g & eying RS RO ol ict
Despite having a hi gmaway ofseppogts. adhesi on, the two-stage coati ng has

acceptabl e doctorability, as there are no discernible differences in
required bl ade8. clThagftessiof DA wheréin ssid adtes hendval 8 alsContplithed @b Idake

two- stage and the rsﬁmmfge g Bntr using e force Vi h IneWal e of L he

creped tissue paper ge Ao aesy ged superi or
to the reference pr#deigsontacyithsai dp0| nt of weave and

9. The process of any of Claim 1 - 8 wherein, in step b), said polyvinyl alcohol is
applied by spraying an aqueous dispersion of said polyvinyl alcohol onto said
heated drying surface and wherein, in step c¢), said water-soluble,
thermosetting, cationic polyamide resin is applied by spraying an aqueous
dispersion of said polyamide resin onto said heated drying surface subsequent
to said polyvinyl alcohol application of step b) or onto said semi-dry tissue
paper web.

10.  The process of Claim 9 wherein said polyvinyl alcohol and said water-soluble,
thermosetting, cationic polyamide resins are applied by spraying through
separate spray booms, said polyvinyl alcohol having a concentration in
aqueous dispersion between 0.05% and 2% at the point of application and
said polyamide resin having a concentration in aqueous dispersion between
0.025% and 1% at the point of application.
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| nvention Sheet Tension (g/in) 15.6

19.0 Tensile Strength (g/in) 431

400 Caliper (ml) 11.3
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+0. 15 YAl 32 What is clained

is: 1. A process for creping a tissue paper web froma heated drying

surface conprising the steps of: ~ &) prow ding a sem -dry
/\

enbryoni c tissue paper web wherein said sem - ¢ry
ti ssue paper web is corrprlsed of a wet laid -///,

\ enbryoni c
N i eeb

to | ess than about 40% noi sture content; ( ( ®\\\ TS ving a first
creping adhesive to the heated drying surf&tecoR\ \.//}”

sem -dry web, said first adhesive conprisi D\ %\;// al tokal®@whi ch
forms an adhesive filmand which has a qgr hy2eo ysis of at | east
about 80% c) dappgyi ng a second 'o ng ettresi-ve b the heated
drying surface or to r - sal d serh XY (P sai d sécond adhesive
conprising a water-sol ubl AN ==:::\-}/ I~ Cationic polyam de

resin wherein said water-soNublfs
pol yam de resin is added in sufis / anount to -~ conpri se
from about 5% to about 50% by \ei g based on the spl+d

wei ght of said water-soluble, therfosSetting, cationi\c polyanm de resin

relative to the solid weight off tiyg total applied crsg§,g,adhgs|ve
conposi tion, adding said polyviinylj\\akcohol in an angunt sufficient to

Qe s ettrng, cationic




conpri;se from aboutmbvm— 95% by wei ght bors-erL gn.the solid ABOS47-2

wel ght of said ﬂmw, rel ative to the |REPLA SH‘EET ¥Q st al
applied crepi n ”M ﬂl tion and applying t ng
adhesi ve corrp05|t|6n lat "a sate of about 0.1 to afjoyt &8 3?@ per|ton
based on the dry weight of the total crggl ng adheswe W

uring saidl spm-dry

! hnd
the dry weight of said sem-dry web; d)
enbryoni cyyekt 'E)ﬂ% j@f said first and second crep} ng
adhesi ves ¥ of said heated drying simface
wher eupondryi | oRi b I - crepi ng
ﬂ s %afcgr t‘?:'[eég[% 9! fissE ?% r ) %ﬂ) fnf S heated drying Lurface

the dry meb fro hea ryi ng su neans

fl exi bl e crepi agmpfisingethe steps of: The process of claim1 in which
sai d polyvinyl alcohol is added in suff|C|ent anmount to conprise
from about 75%to about 85% by wei ght based on the solid wei ght of

the pol yvinyl a) cohptovidirigaa seri-dry enthryanid tissuagiaget welp wherein saidisempgiyi ed
creping adhesi ve. eﬁlbwonlc-qggugégﬁe@%ebog c%l-r@hgedloi’ Qw@ﬁa%&@{ t}c'?vatlﬁrﬁerd

sol ubl e, thernosetting,” cat de resinis a

suf ficient anount t tpleshiahabotitr4¥ alo@turel:antenb about 25% by wei ght
based on the solid weight of polyamde resin relative to the solid
wei ght of the total applied crepi ng adhesive. 4, The process of claim

3 in which saib) pol geplying adirstatreping adhetivedtoi the heated sirdng surface or taiseidnt t o
conprise from about |
wei ght of the pol yw%@ rg é‘*‘)l%:é ﬁ?{)/%wees‘w\?o&#ﬁ rE ggg&ghgh?léﬂdl gﬁ]eCht ot al

appl i ed cr epfamgs amashesige film and which has a degree of hydrolysis of at least
about 80%;
c) applying a second creping adhesive to the heated drying surface or to

said semi-dry web, said second adhesive comprising a water-soluble,
thermosetting, cationic polyamide resin wherein said water-soluble,
thermosetting, cationic polyamide resin is added in sufficient amount to
comprise from about 5% to about 50% by weight based on the solid
weight of said water-soluble, thermosetting, cationic polyamide resin
relative to the solid weight of the total applied creping adhesive
composition, adding said polyvinyl alcohol in an amount sufficient to
comprise from about 30% to about 95% by weight based on the solid
weight of said polyvinyl alcohol relative to the solid weight of the total
applied creping adhesive composition and applying the total creping
adhesive composition at a rate of about 0.1 to about 10 pounds per ton
based on the dry weight of the total creping adhesive composition and
the dry weight of said semi-dry web;

d) securing said semi-dry embryonic web by means of said first and second
creping adhesives to the surface of said heated drying surface
whereupon drying of said embryonic web is completed;

e) creping the dry web from said heated drying surface by means of a
flexible creping blade.



5. .The process of claim1l in which said polyvinyl alcohal

POSSESSES a

degree of hydrol ysis between about 80% and about 959REPLACE EWSHEET

process of claimb5 in which said polyvinyl alcohol possessgs

e e 7% 2, 25 P8

reaction product of *an¢ epi hdll oflydtin anda pol yam de

TC

ont ai ni ng

secondary am ne groups, said secondary amine groups deri ved f
pol yal kyl ene pol yam ne and a saturated aliphatic dibasic c

rom a

sai d
at ons. 3.

sprayi ng

aqueous di sper §i@pig adhesiveyayi ng a concentrati on between about 0.05% and

about 2% at the point of appl i cation. 10. The process of claim9

carboxylic acid containing fromabout 3 to about 10 carbon

L ai : . : : Ny
epi chl or ohydri gﬁggpergéeigﬁeﬁsflém ¥ Iﬁﬁ%oéﬂgmﬁygggﬁ?&_g% %ﬁ? géirgglrll@c'ggtout 1.8
to 1 rel ative BBOHREOSeRBHSRI9MAboHE75% to abow85Mpky weight based on the solid
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t Afrough a spray boom said pol yviny eln
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I n which said water-soluble, thernosetting, cationic pol yam de resin

i s applied by JpeRirersstofrdaigh1adnswhiely seisowates otublss| thermagetting, catianigsi n

bei ng an aqueopsiySnriaeesihas JQavd ﬁ}g?ﬁg&grﬁt%ﬂédrﬂ% Q:Bm?ﬁéé"’?r&?\h%ﬁgt'HS% to

0. 025% and about "1% at the point o

I catl on.

clai m 1 wher ei AbYi2P% Exiweigh) based oo the splith weight opeelyamide resin relative to
densi fication wesdhb Weidhe o b ®tal spphddRbrebgiahaaitdIe sem -dry web is

effected

The process of claim 3 in which said polyvinyl alcohol is added in sufficient
amount to comprise from about 75% to about 85% by weight based on the solid
weight of the polyvinyl alcohol relative to the solid weight of the total applied
creping adhesive.

The process of claim 1 in which said polyvinyl alcohol possesses a degree of
hydrolysis between about 80% and about 95%.

The process of claim 5 in which said polyvinyl alcohol possesses a viscosity
greater than about 35 cP.

The process of claim 1 in which said water soluble, thermosetting, cationic
polyamide resin is the reaction product of an epihalohydrin and a polyamide
containing secondary amine groups, said secondary amine groups derived from
a polyalkylene polyamine and a saturated aliphatic dibasic carboxylic acid, said
carboxylic acid containing from about 3 to about 10 carbon atoms.

The process of claim 7 in which said epihalohydrin is epichlorohydrin used in a
ratio between about 0.5 to 1 and about 1.8 to 1 relative to the secondary amine
groups.

rocess of



whi |l e .t he enbryonic web is supported on a drying fabric corgpLising an array

of ’ supports. 12. The process of claim 11 wherein : ————
o : REFLACEBIENT SHERT]

renoval is acconplished at | east partially by means
n contact wt

transfer using ai the web while it is
said fabric. ’ 1:1"'"'14'"&'””]”[#3"‘31‘ clajn 1 in which said pof yfl hli0Vanggeho
possesses a degre€ of ' M hydrol ysis B&t ween about 80% ahdl_about 95% an

a viscosity greater than about 35 cP. 14. The prijocess of cTrai 3
in which said water soluble, thernosetting, cationic Lde resin ]
I's the reaction product of an epi hal ohydrin and a pol yam de T
cont ai ni ng, secmhdqdraoe%maeclahounﬁwhﬁ;ﬁlééiosselwﬁlﬁra)rc&ag! E%;ﬂiii@d‘@?bsg))?é)}liﬁbed from

a pol yal kyl ene oIBa(nam' ne and a saturated aliphatic asi'c cafk 'I'c acid,
said aci HE)’B i $RAY Borsm sash pelydinyloalgefnltbeing anraswigous shispersiond sai d
epi hal ohydrin having d sofdenfralid BEWAEH beEEH.05% and albott Ba YEe s g&ﬁybf 0.5 to
1 and about 1.8 tp 1 rel ative to the secondary am ne groups.

35 15.  The@BPBREQL of claim 14 wherein, in step b), said pol yvinyl

al cohol is applied by sprayi ng an aqueous di spersion of said

pol yvi nyl gl coaﬁl onto said heated .drying surface and wherein, in
step c), S8id UBErOkss @ gaim Qelinnwhich:said) water-solubles thesmaseiiibgy satiamic r esi n

is applied by pplamidedresin isBpRISHE 5ERFING tAdugh aSsHrsly boom, s418pbREHAHR T €si n
onto said heated.drying sur?gge su s@cajge%t toesaiﬁiﬁ{)l ?/?/Tﬂ?ﬂ Po al cohol

appl i cation of "SY:Peid 8P egus figpession havipg: a cangeeatien Btween abgut  The
process of cl aior025% arid abtiue hosaritite Psihbofiapplicaibeohol and sai d wat er - sol ubl e,
t hernosetting, cationic polyamde resins are applied by spraying through
separate spray boons, said polyvinyl alcohol having a concentration in
aqueous 11.  dhepmoedssnofelaieanwabrei saidOSSmiay oW prYadid bigargint Of
application ang ifiati sai d olﬁ/am' de resin havi ng%ha concentration in
aqueous di sper pRgifigation sherein the water removal to form the semi-dry web is effected

while the embryonic web is supported on a drying fabric comprising an array of
supports.

12. The process of claim 11 wherein said water removal is accompliéhed at least

partially by means of thermal transfer using air forced through the web while it is
in contact with said fabric.

13.  The process of claim 1 in which said polyvinyl alcohol possesses a degree of
hydrolysis between about 80% and about 95% and a viscosity greater than
about 35 cP.

14. The process of claim 13 in which said water soluble, thermosetting, cationic
polyamide resin is the reaction product of an epihalohydrin and a polyamide
containing secondary amine groups, said secondary amine groups derived from
a polyalkylene polyamine and a saturated aliphatic dibasic carboxylic acid, said
acid containing from about 3 to about 10 carbon atoms, and said epihalohydrin
is epichlorohydrin used in a ratio between about 0.5 to 1 and about 1.8 to 1
relative to the secondary amine groups.



about 0. 025% and about 1% at the point of application. 17. The process

of ‘claim1 wherein, in step b), said polyvinyl alcohol is agpptied—by

sprayi ng an aqueous on of sal d pol yvi nyl al cohol O?TQEP ACHMERHI QHEET
dryi ng surface a in St ; b sai d wat er-sol ubl e |

cationic pol am yed by rayi ng an aqueous{idils

sai d : P pgl yant dec w aid hegged drying surfacejsi bgggugrw’lﬁ?

sai d pol yvi nyl al cohol sap’p ication of step b) or ontgp

ti ssue paper web. 18. The process of claim17 in which $aid polyvi nyI

al cohol and sai d water-sol ubl e, t hernosetting, cationrc pOIydnluc

resins ar 45appiTheprévess bf A4 WRBRSHY i step b), ﬁd’-’e&g&ﬁyl%lﬂfoﬂ& .Q%g

ol yvi nyl al cohol having a concentration |n aqueou _
Eet \%/\eenyabout 69@3Wa‘f‘ﬂi agHeris dispersionhef E@f’rﬂomnyémmqh@bpﬂ@nsﬂd@eated sai d

pol yanm de resig isDfface GAACRRSreR 'lﬁnstéb" é)q‘é'éﬂu%aﬂér%%@ O(Hellﬂ%s\éﬁ‘ﬁa

about 0. 025% an out 1% at the point of application
The process of cei'%wvrrpqlgamﬁemleﬂﬁ 3RPlied Y SRAAYIDY 28| aqyreus m§paa@ecpf|sald

suf fi cient pouyammu@tsmtm&%aarhéaeeé BRARPARTHCe 30 eﬂPRPEaIQSJéIyQM pei ght

based on the dr g he ponV|n alco rel ati to the dry
wei ght of the ?épa?' }b‘ﬁ“@@l fSteP b) °rc‘?fl§‘bf5?|‘6 saﬂhég'ttﬁéuwepega\re@ wat er sol ubl e,

t her noset ti ng, cationic pol yanm de resin | s added | n sufficient

anmount to g se from about 5% to about 50%Db ght based on the
dry wei ghti®o P PERRESR Of gaimh 19 i wmcbéaldcpqlwmyaavob@.a@ﬁltsa&water-solublehe

total appli ed tHeribsetting hestiovr- poly&@ilde resie I%Fé)%%ﬁed)fb(f%ﬁ‘ ing trSu 'Ch
sai d pol yvinyl al cohol possesses de ree of SIS bet
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21.  The proc d&ﬁen&foncﬁemvéén?ﬁbcbm 0/5% 3n8 ibdut'ed it tﬁ@ baiat Sf apphBatIIRSSId | N9
cationic B 3{ ge resin js the reaction product of an epi hal ohydrin
and a pol yam ¢&M P yamide resin having a concentration in aqueous dispersion between

about 0.025% and about 1% at the point of application.

17. The process of claim 1 wherein, in step b), said polyvinyl alcohol is applied by
spraying an aqueous dispersion of said polyvinyl alcohol onto said heated
drying surface and wherein, in step c), said water-soluble, thermosetting,
cationic polyamide resin is applied by spraying an aqueous dispersion of said
polyamide resin onto said heated drying surface subsequent to said polyvinyl
alcohol application of step b) or onto said semi-dry tissue paper web.

18.  The process of claim 17 in which said polyvinyl alcohol and said water-soluble,
thermosetting, cationic polyamide resins are applied by spraying through
separate spray booms, said polyvinyl alcohol having a concentration in aqueous
dispersion between about 0.05% and about 2% at the point of application and
said polyamide resin having a concentration in aqueous dispersion between
about 0.025% and about 1% at the point of application.
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19.  The process of claim 18 in which said polyvinyl alcohol is added in sufficient
amount to comprise from about 30% to about 95% by weight based on the dry
weight of the polyvinyl alcohol relative to the dry weight of the total applied
creping adhesive and said water soluble, thermosetting, cationic polyamide
resin is added in sufficient amount to comprise from about 5% to about 50% by
weight based on the dry weight of polyamide resin relative to the dry weight of
the total applied creping adhesive.

20.  The process of claim 19 in which said polyvinyl alcohol possesses a degree of
hydrolysis between about 80% and about 95% and a viscosity greater than
about 35 cP.

21.  The process of claim 20 in which said water soluble, thermosetting, cationic
polyamide resin is the reaction product of an epihalohydrin and a polyamide
containing secondary amine groups, said secondary amine groups derived from
a polyalkylene polyamine and a saturated aliphatic dibasic carboxylic acid, éaid
acid containing from about 3 to about 10 carbon atoms, and said epihalohydrin
is epichlorohydrin used in a ratio between about 0.5 to 1 and about 1.8 to 1
relative to the secondary amine groups.



