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METHODS USI NG SAME BACKGROUND OF THE | NVENTI ON The present invention

rel at es twotoh@ogmanuf act ure of crepe paper including soft, pcahsor/imnat ti ssue
paper webs and particularly to the node of creping of such webs to attain
adequat e softness and adhesive characteristics in the web while m nim zing

operational difficulti esPOLYMERIG GRERING ARHESIVES AN m a t hin paper web

froma slurry of water and falepING VAYBRIODSIURINGESAVED, and then at | east
partially dry the dewatered web. The web is then conveyed or carried on a
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action requi ddequathsafinpssandeadheise ¢hardcteisiive inedie twsb whde chinimizingopefationtl a
consi stent a @'ﬁdﬁﬂie&.orm creping action, and for exanple, to prevent flaring
of the web romthe dryer before or at the exit zone in the vicinity of
the crepi ng bl addt islknownirethe pm &t farne @ thin bapenabb fremprsbserif edter and filer.dr yer at
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with the dryemvefedaboartiedi@?t fabhietormdarge stean-beatédmtary depandieddn thpart at he

condi tion ofthe b rface and .the Yankee dryer surfac may tend to
cause the vvegaq(ge\é%aﬁ?rﬂ%wg F%rﬁrélf)rﬁ)y?%e Eheedg}'%;élgX?H’%ﬁﬂ%@@fdvﬂéx’ﬁl&lﬁ? ng action
of the rot atwhigh thraxmjotpradesn arsundhhecdry ot the s, oftwebde-coradi Soml thy no

requi renent for e use of a supplenmental adhesive, .and.on so ccasi ons
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bet ween the gyasas bapebhédigackeirdlyQpbi el dhb et tRMelldinotd figsik 0Rpe pdpe ONE
nodes of operation commonly referred to as through-drying, contact of the
web with theStﬂ‘FEP‘é‘? surface is limted. In a through-drying operation, the

web formed fromtHeerding defiodfeqiifds @at Bl GvebbB SlelliaghS@IB RS Rebr'd stRQHA
significantly pressi Hg the wet. web. This is followed a dryi n%eactl on in
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spaced zones, with bul king of the web between'the zones. Fabrics having as
instances the web is presented to the dryer at a considerable moisture content that is

typically as high as about 60%. Such webs accordingly have fiber consistencies at the
point of contact with the dryer of about 40%. The moisture content, depending upon the
condition of the web surface and the Yankee dryer surface, may tend to cause the web to
adhere strongly to the dryer throughout the drying action of the rotating drum. Under
such circumstances, there is usually no requirement for the use of a supplemental
adhesive, and on some occasions the adhesion to the dryer is so tight that a release agent
is applied between the dryer and the web to limit the extent of adhesion.

In some modes of operation commonly referred to as through-drying, contact of
the web with the dryer surface is limited. In a through-drying operation, the web formed
from the slurry of water and fiber is dewatered without significantly pressing the wet
web. This is followed by a drying action in a hot air blast. The resulting webs are then
pressed to the Yankee dryer using a knuckled fabric so that the web adheres to the dryer
in closely spaced zones, with bulking of the web between the zones. Fabrics having as

fine a count as 4,900 openings per square inch and above may serve the purpose. The



fine a count as 4,900 openi ngs per square inch and above may serve the
pur pose. The WD 02/099192 PCT/ US02/ 17431 2 fiber consistency of such webs
when preswoteddnm t he dryer nmay be from about 30%to abowrCTAGY/i14BET .
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overcome by the chefiiongludhhasiperasfound bt diefabrigfarmyiseftsdtctdp theeyspmegent
invention.  GMYEBhtsRhinddelEwhithWENDh&ner that is difficult to remove with conventional

cleaning actions, particularly due to the water-resistance of the copolymers.

In contrast to the polyvinyl acetate-ethylene copolymer, polyvinyl alcohols having
a significant degree of hydrolysis tend to be water-soluble and also tend to be unaffected
by most organic solvents. The polyvinyl alcohols (which may contain some polyvinyl
acetate) tend to coat the dryer with a hard and uneven film that builds up as drying and
creping proceed, resulting in uneven creping. Additionally, to remove the hard film, a
cleaning blade is frequently used against the dryer surface causing dryer surface wear.

These and other problems of the aforementioned systems, methods, and adhesives,

are overcome by the creping adhesives, systems, and methods of the present invention.

SUMMARY OF THE INVENTION
The present invention relates to a method for manufacturing a creped fiber web

wherein the method includes providing a rotating cylindrical dryer surface, applying an



The present invention relates to a nethod for manufacturing a creped fiber
web wherein the nethod includes providing a rotating cylindrical dryer
surface, wppkppnigz an WO 02/ 099192 PCT/ US02/ 17431 3 ionen@cCadiseyimelto the
rotating cylindrical dryer surface to3form an adhesi ve dryer surface,

conveying a fiber web to the adhesi ace, | the fiber web
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(o o 1) PRARPRRCRIBREONE SHEDEMPRAE | oughor 1 anger when compared to

an The present invention may be more fully understood with reference to the

accompanying figures. The figures are intended to illustrate exemplary embodiments of
the present invention without limiting the scope of the invention.

Fig. 1 is a flow chart illustrating a process according to the present invention;

Fig. 2 is a schematic illustration of a creping system that can be used in
combination with an ionene polymer creping adhesive formulation according to the
present invention;

Fig. 3 is a graph showing how an adhesive formulation used according to the
present invention (Example 1) retains higher adhesion at higher moisture contents when
compared to an existing conventional adhesive formulation (Comparative Example 1);
and

Fig. 4 is a graph showing how an adhesive formulation of the present invention
(Example 1) had higher shatter and remained tougher longer when compared to an
existing conventional adhesive (Comparative Example 1) that provided a soft film only at

moisture contents above 4%.



exi sting conventional adhesive (Conparative Exanple 1) that provided a soft
filmonly at npisture contents above 4% WD 02/099192 PCT/ US02/ 17431 4
DETAI LED whSeByRT: ON OF THE PRESENT | NVENTI ON Accor di ng t ®CThsoptasent

i nvention, a method of manufacturing d¢repe paper, including soft,

webs o at t DRIALERAe CRRmBROR T e8GR 'c, e e

M ninizing oper atdcofiialg tdtlfefpir&bﬁttnhx%ﬁmmﬁ@Wl%ﬂ@@mhﬂlﬁdﬁﬂlﬂgrcﬁﬁﬁlphpdr nventl on, a
thin paper web is forned oma slurry of water and fjber using

convent i onal NGREANg 69%ahﬁ>ﬂ%eéb%weom@er “ﬁﬂ’é» e pastigulaglpiomefies gt apripe %frfach

preferably igeitio h®dshddRadtd soknby afld h@dsivd SRra0RBisticS while hisiriMeyed, for
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chart illust r shown
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wei ght, and e pesenp atventionliashown fin Bigu@ldout 40% by wei ght to about 60% by
wei ght, can be prgcessed accordin t he ne
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condi tion of _the eg?rfactg nd t he Yankee dryer, surface gﬁ tend to
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addi tives for creping adhesives or other adhesives, can either be applied
bet ween t he particularly from about 40% by weight to about 60% by weight, can be processed

according to the methods of the present invention. Such webs accordingly would have
fiber contents making up the additional weight % of the web. The moisture content,
depending upon the condition of the web surface and the Yankee dryer surface, may tend
to cause the web to adhere strongly to the dryer throughout the drying action of the
rotating drum. Under such circumstances, there is usually no requirement for the use of a
supplemental adhesive, and on some occasions the adhesion to the dryer is so tight that a
release agent such as silicone oil, other oils, surfactants, soaps, shampoos, or conventional
additives for creping adhesives or other adhesives, can either be applied between the
dryer and the web, or, for example, mixed with the adhesive, to limit the extent of
adhesion.

In some modes of operation commonly referred to herein as through-air drying,

contact of the web with the dryer surface is limited. In a through-drying operation



dryer and the web, or, for exanple, mxed with the adhesive, to limt the
extent of adhesion. In sone nodes of operation commonly referred to herein
as t hrougwoan/9dpyi ng, contact of the web with the dryer PearfSare748s
limted. In a through-drying operati oA WO 02/099192 PCT/ US02/ 17431 5
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Sterilization, and Preservation, S. Block, Ed., 322-333 (Lea & Febiger, Philadelphia,
1991), which are incorporated by reference. Ionene polymers have a variety of uses in
aqueous systems such as microbicides, bactericides, and algicides as well as controlling,
even preventing, biofilm and slime formation. U.S. Pat. Nos. 3,874,870; 3,931,319;
4,027,020; 4,089,977; 4,111,679; 4,506,081, 4,581,058; 4,778,813; 4,970,211; 5,051,124;
5,093,078; 5,142,002; and 5,128,100, which are incorporated herein in their entireties by
reference, give various examples of these polymers, their preparation, and their uses.

Any ionene polymer or mixture of ionene polymers may be used to practice the
present invention. Ionene polymers may be classified according to the repeating unit
found in the polymer. The repeating unit results from the reactants used to make the
ionene polymer. Preferred ionene formulae include those described in U.S. Patent No.
5,866,016, which is incorporated herein in its entirety by reference.

A first preferred type of ionene polymer comprises the repeating unit of formula I:



Any ionene polyner or mxture of |onene polyners may be used to practice
the present invention. |onene polyners may be classified according to the
repeat i ngworewn9tbound in the polyner. The repeating unit PEIWSHF1TBOM t he
reactants used to nake the ionene pobyner. Preferred ionene formnul ae
include those described in U S. Patent No 5,866,016, which is

i ncorporated herein in iBs entirety by r@?erence Afirst preferred type of

i onene pol yner [conprises|the repeating urlt of firnula . WD 02/099192

PCT/US02/17431 | 6 RL R3 [ X2 AN+ BN+ I|]RR RAt2 In this formula, Rl, R2,
R3, and R4 can |pe identital or diXferent, and ar¢ selected fromH, Cl-C20
al kyl option AbsH tyt ed—wit hg at—leasgt oxyl group,Iand benzyl

optionally substituted on the benzene nojety with at | east one Cl -C20
al kyl group. referablyl] Rl, R2, R3 and|R4 are all nmethyl or ethyl. The
group "A" is a divalent [adical selected|fro C10 al kyl ene, C2 -C10

al kenyl ene, C2 -Clo alkyl%lene, Cl- Clo hydroxyal kyl ene, symmetric or
asynmetric di-Cl- Cl0 -alkyl enether, arylene, arylene-Cl-Cl0 -al kyl ene, or
Cl -C10 - alkylenearyl C -CIO alkylene Preferably, "A" is a divalent

Cl1- C5 al kyl ene 5 ne, hydr oxyal kyl ene r synnetrlc
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_aIkylenearybmﬁk%é;ﬁydgtkyé q@aﬁﬁﬂﬁ&gﬁﬂgy&hl"B" is C1-C5 al kylene, C2 -GC5

al kenyl ene | ene, aryl ene; aryl ene-Cl-C5 -al kyl ene, or
Cl-C5 al kyl enearme-mﬁm ﬁlyalémteadlwsqlectﬁdé‘tm &biGpo aliglenesCa-Cr2 CH2 -,
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the repeating. il bthiish AOTIPaLlEONSNE RALYTEE. bagkhone. . Bref erabl y,

X2- is two |ons sel ec "o n& a trihalide
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The group "B" is a divalent radical selected from C; -Cyp alkylene, C,-Cyo
alkenylene, C, -Cyp alkynylene, C; -C;o hydroxyalkylene, arylene, arylene-C; -Cyg -
alkylene, or C; -Cj¢ -alkylenearyl-C; -C;¢ -alkylene. Preferably, "B" is C; -Cs alkylene, C,
-Cs alkenylene, C, -Cs hydroxyalkylene, arylene, arylene-C; -Cs -alkylene, or C; -Cs
alkylenearyl-C, -Cs -alkylene. Most preferably "B" is -CH, CH, -, -CH, CH, CH; -, -CH>
CH, CH, CHz -, or -CH, (CH3)4 CH; -.

The counter ion, Xz", is a divalent counter ion, two monovalent counter ions, or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge in the
repeating unit which forms the ionene polymer backbone. Preferably, X* is two
monovalent anions selected from a halide anion and a trihalide anion and more
preferably, chloride or bromide. Ionene polymers having trihalide counter ions are
described in U.S. Pat. No. 3,778,476, the disclosure of which is incorporated herein in its
entirety by reference.

The ionene polymers having the repeating unit of formula I may be prepared by a
number of known methods. One method is to react a diamine of the formula R'R*N-B-

NR’R* with a dihalide of the formula X-A-X. Ionene polymers having this repeating unit



entirety by reference. The ionene polyners having the repeating unit of
formula | may be prepared by a nunber of known nethods. One nethod is to
react a dwearie1ef the fornula RIRZN-B- NR3R4 with a di halpicaarsot/114Be
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BLRAN TS 79 or oo R Rérlafactl oot bl IS KA, $BOERL St SPrormliBF
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fon, or afr %%{elcl?lgr weight of 1,000-5,000. The polymer is available from Buckman Laboratories,

Inc. as BUSAN® 79 product and WSCP® II product, which are each 60% aqueous

solutions of the polymer.
A second type of ionene polymer comprises the repeating unit of formula II:
R!
e
—_— A/ N+ I
— T nm
R2

In formula II, the definitions of R!, R? and A are the same as those defined above for
formula I. X" is a monovalent counter ion, one half of a divalent counter ion, or a fraction
of a polyvalent counter ion sufficient to balance the cationic charge of the repeating unit
which forms the ionene polymer. X™ may be, for exaiple, a halide or trihalide anion, and

X' is preferably chloride or bromide.



of a polyvalent counter ion sufficient to balance the cationic charge of
the repeating unit which forns the ionene polyner. X- may be, for exanple,
a hal i de wo onphiat i de anion, and X- is preferably chlori eerarsobimaai de. WO
02/ 099192 PCT/ US02/ 17431 8 The ionené& pol yners havi ng t he repeating unit
of formula Il may_be known net hods, method is to react an
anine of the for tUICAORERDRRGS bhYiag the Zypgei e g &F Eqa@ﬁlaélsm@b‘?ecmme&rﬁydn n.

| onene pol ynefosynasthdid. @ﬂfbﬂnétﬁ‘&ﬁ@id regtt Ui hrhin@of the @6 iR IRPNANVAdescr i bed, for
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aver age nol edas¢rihedipthgtepatshts2, 000- 10, 000. The pol ymer is available from
Buckman Labor at ﬁP% 0 ﬂgﬁlﬁt eous

di spersion of thg%i%rcr C%/fr(r)g‘%epa ﬁ ? ééaial:l’% %ﬁtec%; po ylgrglr%tﬁcgﬁxﬁgﬂét he
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aver age nol emudvaragewotghtlar weightiof 2,806l 0,601 é“hé padpmBuis kvrglable &borBitckmaes, | nc.
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i onene pol yng o ?mers i Ilé%sas %e?ﬁéjsteA;ﬂf(i) (gl{%g\lﬁg roauc% ﬁo)ﬁ/?mqueoqs Sp CSRLOTRCE 1
wherein R |SpolWDc102/ 099192 PCT/ USOZ/ 17431 9 CH3 CH3 | Xz_ N QN 11 1
CH3 CH3

Another preferred ionene polymer having the repeating unit of formula II is
obtained as a reaction product of dimethylamine with epichlorohydrin, where R! and R?
are each methyl, A is -CH,CH(OH)CH; - and X" is CI'. This ionene polymer has a 5,000-
10,000 average molecular weight, and is available from Buckman Laboratories, Inc. in a
50% aqueous solution as the BUSAN® 1055 product.

A third type of ionene polymer comprises a repeating unit of formula III:

—F R B' —3 III

wherein R is:



or H3C CH3 N+ N+ The group Qis -(CHR )p -, -CH2 -CH=CH-CH2 -, -CH2 -CH2
-OCH2 -CH2 -, -CH2 - CHOH)-CH2 -, or -(CHR )" -NHC(O-NHCHR )" -. The
group B we oprop@b -CH(OH)- CH2 -N+R 2 -(CH )" - NH C( O - NiFlcT/USH2/143Dr
{-[(CHR )n -\t R2 -CH2 -CH(OH)-CH2 ]9, X- } . The variables n and p

i ndependently vary from2 to 12. E R is independently hydrogen or a
Cl- C20 al kyl group.}kZ" is a dival 3 counter ion, two nonoval ent counter
ions, or a fractiop of a polyvalent counter ion sufficient to bal ance the
cationic charge in| the group R X| is a nonoval ent counter ion, one half
of a divalent counter ion ot'a fraction of a polyval ent counter ion
sufficient to bal aNee-the- c@t+ontcNeharge-in the group B'. Preferably, R
is hydrogen or CI C4 alkyl, nis 2-6, and pis 2-6. Mst preferably, R is
hydr ogen or nethyli nis 3 and p i% 2. Preferred counter ions for X2" and

X' are the sane as$ those discussed above for formulae I and Il. The

pol ynmers of formnul |1 are derivedHy known nethods from bis-

(di al kyl am noal kyl) eas, which are al so known as urea di am nes. |onene
polyners of the formula I'l1l, nethods of their preparation, and their

bi ol ogi cal activities are described in U S Patent No. 4,506, 081, the

di scl osure of which is incorporated herein inits entirety by reference.
WO 02/ 099192 PCT/ US02/17431 10 Preferred ionene polyners having the
repeating unit of forrmula Ill are those where R is urea diamine and B is
CH2CH(OH) CH2, and X- is O -. Available fromBuckman Laboratories, Inc.
ASTAT pr oduct %pd BL(r) 1090 produdH;are 50% aqueous di spersions. of this

i onene ponné%ixIQe i ofiene olygp( is obtained as a reaction product of
N, N -bis- [1-(3-(di ngt hyl am no) <propyl )] urea and epi chl orohydrin, such
i onene pol yner havNnAg an averMwyge nol ecul ar wei ght of 2,000- 15, 000,

preferably 3, 000- ,OQQL—LESEHE ol ynmers conprising the repeating units of
formulae 1, 11,,and | al so \be cross-linked with primry, secondary

or other polyfunctional am nes using nmeans known in the art. |onene
pol ymers can be cross-linked either through the quaternary nitrogen atom

or through angfdeip HunetHrn, -anoup=elt@nedLchh oo, YoR]S -, kggkbone or to
a side chain, oss-1inked | onene polﬁﬁers . prepared qsln? cross-1.inking
co- r eact ant sSCHEPR)-CHp 5 F dEBR ) INHICE)-TSH (IR Vol hegrupeB ' 91 5 TGHIICREPH S ue U, S.

Patent No. 28uB8Q8.R'-EHR"), -NH-C(O)-NH]-, X" } or {-[(CHR"), -N* R", -CH, -CH(OH)-CH, ]-,
X" }. The variables n and p independently vary from 2 to 12. Each R' is independently
hydrogen or a C; -Cy alkyl group. X? is a divalent counter ion, two monovalent counter
ions, or a fraction of a polyvalent counter ion sufficient to balance the cationic charge in
the group R. X is a monovalent counter ion, one half of a divalent counter ion or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge in the group
B'. Preferably, R' is hydrogen or C; -Cy4 alkyl, n is 2-6, and p is 2-6. Most preferably, R' is
hydrogen or methyl, n is 3 and p is 2. Preferred counter ions for X% and X are the same
as those discussed above for formulae I and II.

The polymers of formula III are derived by known methods from bis-
(dialkylaminoalkyl) ureas, which are also known as urea diamines. Ionene polymers of
the formula III, methods of their preparation, and their biological activities are described
in U.S. Patent No. 4,506,081, the disclosure of which is incorporated herein in its entirety

by reference.



di scl osures of which are incorporated herein in their entireties by
reference. The Rei ssue Patent describes the cross-I|inking of ionene

pol yrmer s woepasad2 by the reaction of dinethylam ne and epcahiSorohgdrin.
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al kyl enedi am nes, | ygl ycol am nes, piperazi nes, .heteroar ti.c dj am nes
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-CH2CH(OH) CH2 -, e’ionene polynmer 1s cross-linked wth amoni a.
Thi s ionene kowparietheras lagermppabnugrasankeictpss-liped cpntrepghathe Hyaternary

100, 000- 500, i i I i i i.n.a 50%
aqueous o spanagesdh bR Bh kA A BRI RRERBIR BNES bagBne drib 2 S0
Inc. productssi@dabir) 1099 or BUBOND(r) 65 are 25% aqueous dispersions of
R and R2 are. eacr Rl figH 10T AN el PRERbBPe R A oAb ey - 100
VO 02/ 099192diRCTsUSOU/S1 Paait Nal 3,788,045 ang Raiyent U SsParenoe2higlsatiene. Thi s
preferred ionene pol r.has. a nol ecul ar.weight. of -.approxi nat
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formul ae 1, Pdtentﬁéscfbibés tﬂ?Mossalgﬂcglgbﬁ idhalmmdiyk mérs ﬁcpar&ﬁb)etharéaptﬁmi dfi c enfl
group. Cappin e achi e . ns agwn in the art. For exanple, an
Sxcess of oi EHYIAEHE SR8l BT Re PRl e ey s S BR Y] oy ed
to provide apmagpiafignedMfencliainglchPboiybtilames phpetizales he@ttafiiatiy of a
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unsubst i t ut etfaEneypnd Famptitdigainete reacted with an i onene pol ymer to obtain
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also describes methods of inhibiting the growth of microorganisms using such cross-

linked ionene polymers. Other examples of various cross-linked ionene polymers and
their properties are provided in U.S. Patent Nos. 3,894,946; 3,894,947; 3,930,877,
4,104,161; 4,164,521; 4,147,627; 4,166,041; 4,606,773; and 4,769,155. The disclosures
of these patents are incorporated herein in their entireties by reference.

A preferred cross-linked ionene polymer has a repeating unit of formula II, where
R' and R? are each methyl, A is -CH,CH(OH)CH, -, X" is CI". The ionene polymer is
cross-linked with ammonia. This ionene polymer has a molecular weight of
approximately 100,000~500,000, and is available from Buckman Laboratories, Inc. in a
50% aqueous dispersion sold as the BL® 1155 product. .

Buckman Laboratories, Inc. products BUSAN® 1099 or BUBOND® 65 are 25%
aqueous dispersions of a cross-linked ionene polymer having repeating units of formula
I, where R! and R?are each methyl, A is -CH,CH(OH)CH; -, X" is CI, and the cross-



According to an enbodi nent of the present invention, the ionene polyner
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During stage 1 of the process, EPI is  charged to an aqueous m xture of DVA
and EDA  ThePql¥Bers F&Hbe c8PRaska) Ors@strtreiic Capred iensas Polymaiiserd Beir ext er nal  heat
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t enper at ure bel ow 158 Cooling 1s discontinued near the end of stage 1 in

order to al flisshpsures of Whﬁblﬂmlm@mr@ied hesein ingthgiy entiretieg G refimeess, 50% sodi um
hydroxide (NaQH) A&ord; BQﬁ@mBleﬂlglét%ﬂhethferR% hiidH, ﬂletl(l)}%ggﬁag{r‘%ﬁd range.

Pol yrmeri zation continuées in sta Si rm t aneous wat er
charges. Aft sthegreagm méqderaote@stab@@t ReIoHy wsighhandgedo about 4dffolbytweidhe pH. | n
stage 2b EPI T, decr eases
as the vi sco@@;}&%@fﬂgg%%snaﬁ {e%UO\L/ltl 5?%’0 &Qltrlteagé E% %Hggt ’Fsa/Cg)b&le?t sul furic
acid is WO Oﬁellweﬁ%aﬁéﬂmtswm/alkéﬁhboﬁl%(ﬂyamggd ancbulat;b] abet ltOWebylegm be

within the r of .. from abo The t
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circul ated VI exerrpl ary process for making the

t he Aﬁ
t er pol yner, ldgrf‘ g /s & %{?r}?fi@?é“ steel process vessel is charged with
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exceeds 140Fabcc)>Lt i f1 tg Qb%up 1r gsnslore preferably from about 1:2 to about 1:2.2. The terpolymer
preferably has a ratio of EDA to EPI of from about 1:20 to about 1:40, more preferably
from about 1:28 to about 1:34. The terpolymer preferably has a ratio of EDA to DMA of
from about 1:10 to about 1:20, more preferably from about 1:13 to about 1:16. The
terpolymer may be made by a staged process. During stage 1 of the process, EPI is
charged to an aqueous mixture of DMA and EDA. The reaction is very exothermic and
cooling with an external heat exchanger and jacket should be used to maintain the process
vessel temperature below 150°F. Cooling is discontinued near the end of stage 1 in order
to allow the temperature to rise to 170 - 180° F. Then, 50% sodium hydroxide (NaOH) is
charged to adjust the pH within the desired range. Polymerization continues in stage 2a
with simultaneous EPI and water charges. After Stage 2a, more 50% NaOH is charged to
adjust the pH. In stage 2b EPI is charged in shots. The amount of EPI in each shot

decreases as the viscosity increases. When viscosity reaches 450 - 500 cP, sulfuric acid is
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about 3 to about 9, more preferably from about 5 to about 6. The resultant terpolymer

product in water can then be diluted to a desired concentration.

An exemplary terpolymer which can be made according to such a method is
identified by CAS number 42751-79-1.

The ionene adhesive is preferably applied to the dryer surface at a rate, relative to
the rate of dryer surface rotation, that provides an adequate amount of adhesive to hold
the web during drying yet release the dried web upon completion of drying.
Conventional adhesive coverage rates and weights can be used as are known to those
skilled in the art. Exemplary application rates of the adhesive on the dryer surface can
range from about 10 mg/m? to as much as 500 mg/m?, or more, for example, from about
50 mg/m* to about 200 mg/m>, or from about 85 mg/m? to about 100 mg/m? based on the

solids weight of the adhesive composition. Preferably, the adhesive is continuously



5,437,766. Referring nowto the drawings, Fig. | is a flow chart show ng a
series of steps that can be used according to the present invention for

t he formawDon/ogf19a ti ssue paper web suitable for use as fragiEb2/1i43sue,
toilet tissue, sanitary napkin wappers, and the |ike. Such webs have a
fini shed basis ight usually in the range of fr about t o about 40
pounds per @pb% gbﬁfara@%e@%r%maatépéd% FEHOWIGH ﬂé%lﬁé‘ WAYBER 1| urri es.
In specific @&Isugﬁ;el ons, such a slurry may have a fiber content by weight
of about 0.3% and_or her. The sl urry is directed to a _conventional
Fourdrini er drai f38e t@ﬁcg’é‘g% of Fening %Stﬁ?’bé'?eﬂ%%’ﬁ anghadfeeixes g desgribediathei per web

occurs througlow g U Maidnfd vanapany ﬁﬁsﬂp@mh hERMNG &hemqu;eh@s Y @feRgide: eb,
having a fiber consistenc ref erab %H rom about 20%to about 60% i s

directed to 3:pHs¥lgh3et 935y 8 4é9p§?§3ﬂe7ﬁ{5 24390 h0: 026 Do el §TA 18R fer at a

fiber conten)fy544C98%, ’#393%7 93, %Q@Uboﬁ@%’.a’%o%‘&b%s%@s%%s@aﬁﬁmsﬁo a
transfer and Inpression fabric which carries web 10 the cregl 29 dryer.
78

Such a trans$843.993bt.501.6400 4, 5?&?31(8%63&@5%9 5349, 1&%&57&615674 51%7(‘} By ¥
meshes per i ngky 193 5 56 8BC RIS 8H. oAk 994‘ 3 s?g 2SR MRS 48613 6080 6 4§38,

cross-directi’on, ‘ahd I ipréssion tabric Knuckl'es ¢an’ be provided t6 conpact
about 20% of:43k®6sur f ace of the web on a creping or Yankee dryer. The web
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consi stency of abou into roll
2, the transéaabeasmd acopdieg & tha pfeadt invendog ifgribe Bdnateher e tiseie pnlmrwcal 1

carries the qucr q?gdr uge %&gﬁgs n%&@tatls%l $ah%arg£%}§<% Wa@p&%‘ LS H{c],clilké Yy nljl ng roll

3to the nip Ween press ro Ienen | ower
carrier desi getathade a ﬁmslﬁdmagls wleght ltsealkynmtmymgetoﬁfromralbyuttme abmlb4® poundsn dwi ch

fashi on, which rticul usef ul her web
booneoe, Thes# ANRY sctfys B B Blch stiicbieold MR GRRCHA 8Ee FrallpSt o
the arrows. §[hh!aellﬂfryyna(yfhat/dwﬁwbomtéﬁtbym%hddsﬁabbutl%%ﬁﬂld or lagheti Mthetsheryr ol |

fromcrepin | ade schemati cal |y .i ndi cat ed repes the WO
05/ 069165 it As) § 1edmvenona Pty roEee Pt fHB Ao o DPFRr g og at

7. The cr epeﬁmeﬂbe?“%xlouummfdugmﬁehﬁredﬁyeénveﬂtmmameandgm d@inadid@ets, ensi on
rollers 8 9 and | wound into. a so{)t cre To adhere the

rel ativel y dhaymgefiosr gosisteney ofprefpaghly fro 3E9Ie/s gagﬂ%tlggt/‘b‘ﬁéﬂf“}"teéiﬁ? ering the

dryer to thegsd f@ﬁ@g@ngnéquwﬂ@nd rmeweb @x@ﬁlﬁﬁ)ﬁrolléh-@ifyeﬂﬁll%ei/&)n'teﬁt&pp| ied to the
surface ahead of the nip between ress roll 4 and Yankee 5. This spray

may be appl |ws18t%<>.‘/tqféb@t}t§9%>|h.‘/ﬁ§elg17é5n is grspeckipayraptfer gnd nﬁp@f%qnafebr}c directly
sprayed ont owhiag ci¥Ehe %b &dtﬁb&ref)mgdrym shéhpa t@atnsﬁﬁiﬂgﬁb Vé, BY ekdigpiveb and to

limt the penetration of adhesive through the web
characterized by about 78 meshes per inch 1n the machine dlrectlon 72 meshes per inch
in the cross-direction, and impression fabric knuckles can be provided to compact about
20% of the surface of the web on a creping or Yankee dryer. The web is creped from the
dryer to form a dried web having a fiber content or consistency of about 95%, and is then
wound into rolls.

Referring to Fig. 2, the transfer and impression fabric designated reference
numeral 1 carries the formed, dewatered and partially dried web 2 around turning roll 3 to
the nip between press roll 4 and Yankee dryer 5. A supplemental lower carrier designated
at S may also be employed to carry the web in sandwich fashion, which may be
particularly useful under conditions of higher web dryness. The fabric, web, and dryer
move in the directions indicated by the arrows. The entry of the web into the dryer is well

around the roll from creping blade 6, which, as is schematically indicated, crépes the



the carrying fabric. The spray is preferably aqueous and suitably has a
solids content of fromabout 0.5% by weight to as nuch as about 70% by
wei ght orwoomee991pz ef erably from about 1% to about 20% solPCaaISOFOT431
spraying, a range of solids contents Bf from about 0.75%to about 15% by

wei ght is nore preferred alihough any suitable soli content can be used.
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about o by weight, for exa , fraom ahout o by wei ght fo about 0 by
wei ght. The ionegré’ @Hﬁéé‘ie\f@étlgﬁgryé’@@&r(ﬁti e¥%’ﬂlﬁ§¥ﬁ¥m@%&éﬁ‘i‘nslsm tion have
nor e adhesi oghterdy th EH&io MRIsHifA @S R AR et shRYRI of RIHREVSIsUpSIfedwbi@B conpar ed
to conventional crepin . adhesi ves, especi al ){(those used on through-air
%fh‘l’i% 3|

dryers. -The fulResabe i detyjesythe presyiol] Aeand 1Y aplkeg SpiThig aptpn 18y s rRpied way

maki ng an exgehd @RI KOE2 ShdcS b i€ preRYDy difectl SlaycaRBRthIMyatH lidhitaant ent s.
The ionene adhesives are al so revvetFab_I e, In contrast to conventional

resi n adhesi Rigigptof adhesive by e wayand rlingiéithe gentratien of agdhesiverthropehbawahitoni um
phosphat e (Mﬁg}car}}@n%ﬂ ic.adhesi ve, the adhesive fornulation mnimzes
corrosion that m'ght otherw se be caused by chlorides in or fromthe

i onene pol ymer. eplaprisreferblymquequa ard sufiebly hgser sobids qoptent of; feahest over
conventi onal : r = gl ) i ' ' riy
cver ourront "SdRB s RS bl A el oSk ek Bl Aol
sorbitol (oratwucidselids.ahia sprlymgserangreaiiselids somterie phiems about 057 Yo-th alywitl
surfactant fof j I - ali r stem
The adhesi vel moud e BAE Sl Ber el nllofRL AR e AP by Bl 1Y
creping, anobllicosttged tiewndhesas onfvah¢ dnryprousfaer ordifOetingRigteen dolidDéomdes<r i bed

above fracture . nicely at the.crepi obl{yade xpl og%/ t he. et and
i ncreasi ng cW%P%?jn@ﬂ}Zﬁdf ﬂ?ﬁ asl'ﬁ%m ag%lﬁgé‘l evgel%htg%goﬁpo (?/ggy gﬁ}%{r}' @r adhesi on
at hi gh noi séxamplec foimabbE 3Yabyweightao ebantifivs ag wetdhe descri bed terpol ymer are
nore adhesive at Qi gher sheet noisture.contents as sho in_ th r aph of
i gur o 3. W0, 05/ G Bne R ORI S inEd e ar e S EURE IRE ARG ©o
the present itmygei hoRtuadsa6d prlowerdempsitaRe @llen dodipasdith térnwentOhelrdpghgwi t h t he
i onene adhesi yes enhance operati onah r nna@i | ity becaus fonenes retain
thei 1 adhesi BIPCOVRS: REllfhTse ird onda e Y Sreu N e PEFlrdhests devr o
vari abi lity, fdire Bt B8 BlaBSinGAIRGRE vAG) 986 LanRE@lentdiéfeabactudP8%n Btigc hange
the creping effectiveness when ionene adhesives are used according to the
present | nvemeptdmlstyﬁd:gntents. The ionene adhesives are also rewettable, in contrast to
conventional resin adhesives that are not.
By including a small amount of monoammonium phosphate (MAP) in the
adhesive, the adhesive formulation minimizes corrosion that might otherwise be caused
by chlorides in or from the ionene polymer.
Experiments demonstrate the superiority of ionenes over conventional standard
through-air dryer creping adhesives, particularly over current adhesives that include a
combination of polyvinyl alcohol, sorbitol (or sucrose), and release agents (surfactants or
oil-based surfactant formulations) used for creping on a through-air dryer system.
The adhesives used according to the present invention provide superior creping,
and ionenes such as the terpolymer of DMA, EPI and EDA described above fracture
nicely at the creping blade, exploding the sheet and increasing creping quality. The
adhesives also provide superior adhesion at high moisture contents, and ionene such as
the described terpolymer are more adhesive at higher sheet moisture contents as shown in

the graph of Figure 3.



resulting in a nore uniformand higher quality tissue/towel product.

Bl endi ng the ionenes and polyvinyl alcohol chem stries resulted in little
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and bl ade anps. The adhesives used acBording to the present invention also
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addi tion, thgpjiongngiddhesloy8RdtERINA6RM HhR0 t0 the present invention can
be wused on enhanced through-air dryer systens, on Yankee dryer systens,

and with wet crefierghesiyss aied accprding torfemreseatinantien plieriovidpvryripdlor mance
in.any type Yg;fo &SRB parb @Bl o QAR SSes. VHE)iHEHnR FatldUrodtRRss2dn dr yer
processes, nkee r%er Pocesses, and wet crepe tissue machine processes.
Fur t her nor e, acheBMfyERRBD Adergolymen to prilypinyddiectpls affpvseantrel efdimanepsttiofher e
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adhesi on at . hi gher [ XoYele i scri bed and
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present inventian over a conventional adhesive fornulation. The results of
t he WO 02/ 0981§2YPBCT/ US02/ 17431 16 conparative tests are shown in Table |
bel ow and i n t he Deadhsivet udedgscordngodhelpredent inventiol@nijsoesyettable aExanpl e |
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efforts.

In addition, the ionene adhesives used according to the present invention can be
used on enhanced through-air dryer systems, on Yankee dryer systems, and with wet
creping systems. The ionenes enhance the creping performance in any type of tissue and
towelling process, including through-air dryer processes, Yankee dryer processes, and
wet crepe tissue machine processes. Furthermore, creping can be done at high sheet
moisture contents, where prior systems using hard resins (like wet strength resins) and
soft resins have failed. The present ionene adhesives fill this gap either alone or in
combination with existing creping adhesive products, providing excellent adhesion at

higher moisture contents.

EXAMPLES
The Examples described and results shown on the attached sheets and in Figs. 3
and 4 indicate the superiority of an ionene adhesive formulation used according to the

present invention over a conventional adhesive formulation. The results of the
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"M, the component 2076, and the conponent 2098 provides éxcell ént crepl ng
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provi ding a mw th nore s atte e anoun |ncreased
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adjacent columns for each respective row. The results show that for a through-air dryer

system, a three-component coating system of component “M”, the component 2076, and
the component 2098 provides excellent creping adhesion. The optimum ratio of
component “M” to 2076 is shown to be 3:1 on a solids basis, and the effect of changing
the ratio was shown as providing a film with more shatter when the amount of “M™ is

increased, and a film that is softer when the amount of 2076 is increased.
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14 0. 12 0. OmLeﬂtﬁonJ& obhePRo&iiBRIAs A vhrilRfs OPthRAAVentSDRihindkk Bofe k2 D 12
23.3 0.13 0.60 0.00Q 06 1.17 1.951 mating seerrcdl oevapOrale I ow no
mating mukf H’éagmé?fbﬁa%a&%@%eewva‘l%s 27.9 0.46 5.05 0.00 0.09 1.40 1.947
mm Film 194e 1169000. 007 as hem of coed e000lin and 51m 51065 to
9110501when dry 30 17.4 0 O 7,H 25.0 0.07 0.00 0.0 0.09 1.25 1.919 MMmost.
Fdm-114, his ane..0000015.609 mm analin ondfilm stansto shanerwhen dry

1. 670 9010011 noll 31 34.0 14 0 12 0.0' 1.19 0.70 0,00 +0.09CM 92 28:8 0 O
1.8 18,5 0.93 0.03 0.0D 1.946 mad . FIM 1lhka this net | hard of am acing
ad N. starts to 00050rwhen dry Than | anrka piece of Wtold toweling to ma
hot plate with Ihewrenl ring mating Vs. the no. 32 fast sanple- The

i nnmbent reaped NO ne sanple testing the paperwas stuck |oosely to the
metal w8h a 108, Stdnpy blodnp. Qur no. 32 pvpranstuek the sheet nmuch nore
wanly and hoiderto the dyers 1ltied head. wagi ng sone 0(100 sheet off. WO
02/ 099192 PCT/ US02/17431 18 It will be apparent to those skilled in the
art that various nodifications and variations can be nade to the

enbodi ments of the present invention w thout departing fromthe spirit or
scope of the present invention. Thus, it is intended that the present

i nvention cover other nodifications and variations of this invention within
the scope of the appended clains and their equival ents. W 02/ 099192

PCT/ US02/ 17431 19 WHAT IS CLAIMED IS: 1. A process for manufacturing a
creped fiber web, conprising:



providing a rotating cylindrical dryer including an adhesive dryer surface,
said adhesive dryer surface conprising an ionene polyner adhesive;
conveyi ngwe okiokap2 web t o sai d adhesi ve dryer surface; dryipag/ushpif48ber web
on said adhesive dryer surface to fortma dried fiber web; and creping the
dried fiber web from sai d adhesive dryer surface. 2. The process of claim
1, wherein said ionene polyner adhesive conprises a crosslinked polyner of
an al kyl am nevga Tl eppoiEplikane, and an amne that differs from said

al kyl am ne. 3. The process of claim1l, wherein said ionene polymer adhesive
conprises a terpolynmer of dinmethylam ne, epichlorohydrin, and

ethyl enedi amne. 4. The fb‘éé’s@@&%nﬁﬁlfé’c{u% %repé’éﬂ%e?kv@b% gnaﬂgeS' ve further
conprises mnonoanmoni um phosp ate. b. process of claim wherein said

nmonoanoni um phos pPaYidingg r@ﬁaﬁ%wllndilwl éﬁyelaln@iuﬁng o ad]ilBSlYQ)dra@f@HtfaCPO%doy wei ght
based on t he ,gkidaryelgite &fmpp?l@ing aREeRd ﬁ/o?ymergdhey?/@ met hod of claim 4,

wherein said m)noam)nl um hat€ 1s present in an anount of about 1% by
wei ght based on tm!lVQ)Olllg@l begarehlie said adhgbive dryerendagsol ymer. 7. The process

of claiml, wherey 1@%%&%@ by Qaégg/&%&'vé&@e@shrf%&%tforﬁﬁ"&ﬁed f?b?/&@é‘ %ﬁf"' ght

sai d i onene polyne up to about sai d i onene polyner,
| east about 40% sfemg@lhtdrlwhﬁb@rWebzrfd)rrumdadhm‘mﬂfyemgﬁaw wei ght water. 8.

The Brocess of ol 31 m Tryeiarel gt Athd, ARNSRLEFRITILIES Mlatphptlion  40%

by wei ght said ionene t sal

pol yner, at ctosﬂmke@;mbpnerwah hiyyl‘amn};ha hamapexyallamj amcpart omiap that di6ofwat er . 9.
The process o; ﬂ.aﬂﬁl wherein said pol ynmer conprises at |east about 20%
by wei ght analﬂﬁ ' §"dout 40% by wei ght pol yal kyl am ne units, at | east
about 55% by wei ght e pugcetsoofatahmt], \Zzﬁ%lbyammngdmtpdhﬁh@aﬁmswalckmpﬁsemmi ts,

2y enepol y ettt gt e ER BRIt e PRl 61 1 sai o

pol yal kyl anmi ne co#pri SEf prétesRirlRlia s Whereik $aid AdRsiPE as@BSSconpristsai m 1,
wherein sai d hal oepoxyal kan conprlses epi chl or ohydri n. MO 02/ 099192
PCT/ US02/ 1748Pnozgheium-pRaspitecess of claim 1, wherein said

al kyl enepol yam nes conprieRscessifitlig Be@h@éih 88d monoamonium phosphate is present
in an amount of up to about 10% by weight based on the solids weight of said adhesive.
6. The method of claim 4, wherein said monoamonium phosphate is present
in an amount of about 1% by weight based on the solids weight of said ionene polymer.
| 7. The process of claim 1, wherein said adhesive comprises at least about
30% by weight said ionene polymer, up to about 60% by weight said ionene polymer, at
least about 40% by weight water, and up to about 70% by weight water.
8. The process of claim 7, wherein said adhesive comprises at least about
40% by weight said ionene polymer, up to about 50% by weight said ionene polymer, at
least about 50% by weight water, and up to about 60% water.
9. The process of claim 1, wherein said polymer comprises at least about
20% by weight and up to about 40% by weight polyalkylamine units, at least about 55%
by weight and up to about 75% by weight haloepoxyalkane units, and at least about 1%
by weight and up to about 10% by weight alkylenepolyamine units.
10.  The process of claim 1, wherein said polyalkylamine comprises
dimethylamine.
11.  The process of claim 1, wherein said haloepoxyalkane comprises

epichlorohydrin.



13. The process of claim1, further including: drying said fiber web to a
fi ber consistency of at |east about 10% and up to about 90% before

conveyi ngweanafibber web to sai d adhesive dryer surface. PET/UShp1PBDCess of
claim1, further including: drying sald fiber web to a fi ber consistency of

at | east about 40% b ht a to abou % ht bef ore
conveying said fi yvﬁ%p ogesgg?gla%ﬁ,e\gl?%n 6‘?{/%1?86’0?8 IP'%R? CBPIISPRe process
of claim1, vhgkgidmngad.d drying to forma dried fiber web conprises drying
the fiber web to a fiber consi ncy of at |east about 95% by wei ght prior
to creping the drl®d fiNBEFCHSS @ﬁ@%¥§ﬁﬂﬂﬂéﬁﬁggﬁve dryer surface. 16. The

process of clai m dryinghan st wditd a FBBVRWLiSEN @mrwa%@a?ooﬁ@mﬁ/yam th@boukt | ber
web on a fabric to said rotating cylindrica surface and transferring

the fiber we¥yetelom qonéewrmaidcfhebvvﬁ%@ Saxdwéhesgf@ﬂfm@lrfasc_ez The process of

claim 16, wher el ng he fiabidces Wbl ¢AUAREMAfih0eD Lo the rotating
cylindrical dryer surface is a transfer and n‘éresm on fabric having

knuckl es whi ch cdrivaesaid fberiwrbrto péube@waggloa@f #tilenst About 4980 Byweighteandf t he
b th t I b on the
web on the cyep a[%g\n%{ol@;yf vlv%gl?[ befdfe @o‘iin'(?@ﬁﬁ%s%lcf @aﬁh@@ tol A AIRLRIE! dRgh, Ve

dryer surface unti consi st en web Is at Ieast about
95% 18. Thespfaseess of claim 17, wherein the inpression fabric knuckles

comact,aoou 201 of HUBRAUL AR B SPydl B R e 2c2
fi ber productompribes drymgihefebepwelr ssfilet c@isatem)&f at least about 95% by weight
prior to creping the dried fiber web from said adhesive dryer surface.

16.  The process of claim 1, wherein said conveying comprises carrying the
fiber web on a fabric to said rotating cylindrical dryer surface and transferring the fiber
web from the fabric to the dryer surface.

17.  The process of claim 16, wherein the fabric which carries the web to the
rotating cylindrical dryer surface is a transfer and impression fabric having knuckles
which compact a minor percentage portion of the surface of the web on the creping dryer
and the adhesive retains the knuckled web on the dryer surface until the fiber consistency
of the web is at least about 95%.

18.  The process of claim 17, wherein the impression fabric knuckles compact
about 20% of the surface area of the web on said dryer surface.

19. A creped fiber product made from the process of claim 1.

20. A creped fiber product made from the process of claim 3.



