18 Novenber 2005 WO 02/099192 PCT/ US02/17431 1 POLYMERI C CREPI NG ADHESI VES
AND CREPI NG METHODS USI NG SAME BACKGROUND COF THE | N\/El\%‘hd\l he 0?Eesent
invention relates to the manufacture of crepe paper inc G
- absorbent, 44 paper webs and particularly to the nod |ng of such
webs to ta‘t‘t/é azlﬁﬁmadequate sof tness apd adhesive charact ef(;‘gh"gé% h the web
whil e m nim zing operational dlfflcultles It is knowmn in the art to form
a thin paper web from aMLlYMJERIﬁOMEENGa&ﬂHESMSANﬂeV\/ater t he wet web,
~and then at | east partiall The web-id.s then

conveyed or carried on a f‘)f%ﬂ ‘%g&ﬁ[@ﬁéyﬁﬁgﬁaﬁgat ed rotary drumternmed
in the art a Yankee dryer. The web conmonly enters the dryer at a
. Ci rcunf er engly; is a mjor portion around the dryer
fromthe zone@%&dméﬂigﬁ%“act M‘éﬁﬂt he drum The de-contact zone is
equi pped wi th a Theepsmgingntioerchityaloibe mukifadiure hcropelpaep incliding sofas to be
- pushed backymp@bi i8R0 Papht W&tk bndHafic@bliHoRnd BEdER [,gre paper
structure. The crlepl ir%lp‘%actl or?q)rt'aelcw rﬁgsD ti Mﬁlc eﬁ}éggﬁﬁrjh?ﬁw& éred to the
dryer to ef F‘@&‘Eat‘"ago%fﬁ%i"’étaél?ﬁﬁwﬁﬁ’@m&tﬁi iftig im the ‘éfB‘i" vihilegminingzing efsehtibngt  exanpl e,
to prevent hikroniiing of the web fromthe dryer before or at the exit zone in
the vicinity of .th cregi ng bqlefa In sonme  instances the web is presented
to the dryer at tdsg'ﬁ’r‘ig‘i‘ B fosforphi Gin pagercpth Eam 2 slamy of water pydifiben| |y as hi gh
as about 608éwafstthl waeweh, ARiGha BG YartidhRlry the AewRaBE e, eme wWes isdlent he  poi nt
-of contact with the dryer .about 40% The noi sture content, depending
upon the condrEs ; %rncagﬂ‘exf”h%%(Xé‘bg§Earr?ea%%m’émftetdﬁ%ta"‘7élﬁﬂ%f?"%dy’éweé“iﬁFf ace, may
tend to cau¥alehdrysethetvgb cadrhemﬁenﬁetrs thlagfyyzr st cirkvan frey diyarpasighout t he
drying acti Qi C ci.rcunst.ances, there is
usual Iy no reaw&ragélﬂl n%gri gq{?s er#J aqé%f)of)’ 8@%btdéef°°ng§ﬁr8 ﬁ e, and on sone
occasi ons tﬁ@naﬁmwntaftgommeecmmp&wnﬂsag@pmgQhﬂe dohiatt véicheheomsbabagent | s
appl i ed betyeen dehbsidl ¥SkwadS u F&ﬁts@ﬁgnéﬂtald 12 fve- l&ﬁmﬁ‘ﬁfsﬁﬂér&@é aggheSI on.

some nodes of operation combnly referred to as roug h cont act of
the web wi t¥fUHE dryer surface is linited. In a t hrough-dryi ng operati on,

the web fornmed The &Qpiﬁ§&t18ﬂiéﬁlﬁbés mﬁttww@ab@n@h {dnbred 1ol ke di?éé@&&fe@td; wi t hout
This is followed by a ing action in

signi ficant| ?%\ r;l%tewe web }S?
a hot air BIPA¥F QT SRR G PR toﬁ’lreé@%tél&mﬂm"ft“ﬁew ankee dryer
usi ng a knuficda ﬂaddfyaltirelfcae et thh atit zohemeéovmﬁhgbﬁﬁe érep:ﬁg’llﬂadél’meﬁmel n closely
spaced ZO”Qﬁstan‘é@s L{H‘e \8@ 15%1@&418& to tp n%at berween | emﬁ)& ug%(gc{sygnﬁﬁ%“ cs having as

fine a count square’l nc Serve the
pur pose. TH%M@Y RIpbiehrseabo GO Sﬁ@l @@bmmmgpmvmwohmams at the

pomt 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
1n 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




.carrying thefa eligl

2 fiber consistency of such webs when presented to the dryer nmay be from
about 30%to about 90%fi ber. Hi gher fiber-con'sistencl)!l8 ‘wmmmggﬁgnly

requi re an adhesive to adequately secure the web to t 4

conpletion of both the drying action and creping action. A vari ety of
adhesi ves hgveqdapgen enpl oyed for retaining a web on a drM?ﬁuﬁﬂnﬁﬁﬁe These
i ncl ude pol yvi nyl acet at e-et hyl ene cgpol yner enul si ons and agueous

pol yvi nyl al cohol solutions. It has been found that polyvinyl

acet at e- et hy| @¥fecopgipdstey phskeh wibnpbei iresontel t et dryraynag bafran nbewd% tper cent ages

of pol yvi nyl &!)LQ@m|ﬁb§ruﬁlbh{§%bérﬁ:ﬁ%l&éﬂ@yﬂweb@Q&Hﬁwég%%fnré zn)eadhgsgveto sol i ds by
wei ght, are generally adequate for pur pose cause a nunber of-

undesiTabl e effwaiely SecF’@I‘W‘-’rW‘P the Heyerat Comﬁéglil VhwtipbséywEritioarngr obl ens.

Wth nore spegdpfigéctiogf erence to the polyvinyl acetate-ethylene copolyners,
t hese copol ynmers tend to be retained on the creped paper web on the side
that engages the A gpnrst of adlysaiveshayesen empieyed fo seteining b we on afyerudicer ol | ed

and plied w Ufhesﬁhﬁtlﬂﬂeﬁoly@b/l hdtafeQitilend cspoBAler et forSWh #hofdh oﬁfWh;'Iaces
hesi vefoaxgcpgs to adhere to the " adj acent rolled

opposite sur ?P%ghﬁﬁ R5EK # PPNy grriate-glidknggogelkinery has additi onal
detri ment al ebfssitions that iag bintaveinghitpetci:8Ruest pphenet aufohalrsucmasmg theslge def ect

or small hol I& t he es can result
in tear-out s(?1 Oruggr%C Hffﬁe mﬁgso(idi %mffl‘éh? arevv%‘ﬁer% E%{’a'éeq!’rafﬁ "é?fgﬁ!"ﬁI“@“SF Bversal ,
that is, thenanbeaefimdesivatid 8f&0qalfsnlxvmybmcoh@lchdmsem pshdeilar photddnts. onal |y, it

has been found t AWM or-TRAVN hhe dryer becone
contam nated wt R#%ﬂﬁ;en&ggé)%% e g,gzr WA Qg) %Efyfll cutet %’% r ézﬂ%v%"?ﬁr’rﬁ 5

‘convent i onal SCRO[YESHitsY toa@th‘é’ﬁSd orvhﬁrqrmdmmer yelerethe gdg the engagethe esi st ance of

the copol yneeser. |Vﬂ1eﬁ@?ésﬁlﬁ§§ crbfRd WagisPAleY ¥i R¥tkd ﬁﬁ%@&@zﬂd&w@ﬁp@o tsg&gl' ymer,

polyvi nyl al cohol a significant degree of hydrolysis t to be

~water-sol ubl ésrb?ﬁtdt?“é cet Ay Taces CBréY‘iﬂl‘éF feé‘é%‘%édftffr“’?rﬁé‘is tpprdwrtethsol vent s. The

pol yvi nyl al edfelsol chbpokitenayace emsag Blos:@rmgeinl@w rwlsml b1oé!&%t1ﬁ§ £didogyd to coat
broceet,  r es PRt Ree R U R sos? Tl e P Y2 oot el hard
film a“ cl eegsimgnisifortito semrdt tbejblerked ylics sedreadian rai-odidorfl g @ebsur f ace
causing dr yeEonSn%Jv@@b%ré@[%ﬁ% anlg&ﬁ%iﬁ%rs% Hﬁ{ 1sp£[:1 %Egl}nhenpf the af or ement i oned

systens, neth and adhiesives, = ‘are over coie fraé)&tﬂ §"adhesi ves,
systems, and*dRSEHakFEt of the present invention. SUM\/ARY OF THE | NVENTI ON One

aspect of the pr@meiﬁb ANPVERE bR fcm @WaFRS fa8riDL She W24 j1ng a
creped fiber web, r[l}grl Si, Qgﬁ nNO\?errbear’rl &%ﬁ% ] rg\;?%@‘dé@f;&!ri%t ating

cylindrical er‘“}lmr‘? ot Caféﬂ% %t‘aF‘Sf@‘i“l@%@ﬂ’a’&%w“ﬁbéﬁﬂdﬂﬂt’aﬂfﬂes| ve dryer
surface corrpq:leemmggctans potienelydot RS wadhesdaes ofkBupMivRegsa fiber web to

sai d adhesi ve dr Yflontt il Io%:e polyvinyl acetate-cthylene 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 filmm 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

One aspect of the present invention provides a process for manufacturing a creped
fiber web, comprising:




drying the fiber web on said adhesive dryer surface to forma dried fiber
web; and creping the dried fiber web from sai d adhesi gﬁdn%ﬁy 5 Eface

Anot her aspect of the present invention provides a creg ¥ 8?(% oduct
nade fromthe process as defined above. An enbodi ment of the present
invention relates to a nethod for manufacturing a creped fiber web wherein
t he met hod includes providing a rotaiing cylindrical dryer surface,
appl yi ng an 18 Novenber 2005 WO 02/099192 PCT/ US02/ 17431 3 ionene adhesive
to the rotating cylindrical dryer surface to form an adhesive dryer

surface, conveying a fiber web to the adhesive dryer surface, drying the
fiber webpemdiape rotaRBesin : fa forma dried fiber web, and
crepihg'tﬂ dr?ed fige? 3§%€?¥§ﬁ3§ﬁ%$°g@ﬁ%@?&ﬁ%ﬁ?ﬁ&&“&dﬁéace. The ionene
pol ymer cHHEHE I EPHag PRREENg R ighrme Pofymaradhedivey| ami ne, a hal oepoxyal kane,
and an amoneeytnigatiibehiwebas said #dhmidchieyalsksfdam ne, such as a terpol yner of

di et hyl am.:ne i rohydrin nd ethyl enedi anmi ne. The i onene adhesive
may furt ﬂtg%ln‘f e I%Eé g’nhg?l%aéar;?f%lﬁsl'ﬂen‘ﬁ bolaltS ﬁ%tt% OHR G drigd Bbeateh:apty Wat er - sol ubl e

“and cat i ctping 4 drieg fibaz el framdsajduldhdsoatdn@nsuciient i oned herein are
incorporated herein in their entireties by reference.-lLt is to be
under st ood that both the foregoi ng general description and the foll ow ng
detail ed description are exenplary and expl anatory only and are only

i ntended to pryigthe 3SR§:CfQﬁthhpresemﬁh%’tﬂidnqjﬂoﬂﬁeézh@repé(ﬁﬁl?é}:pr' YERLion, as
cl ai med. fioretheprompaasydaigednborviengs, Wwhi ch are i ncorpora edﬂﬁn and
constitute a part of this application, illustrate several exenplary
enbodi nrents of the present invention and together with description, serve
to explain the principles of the present invention. BRI EF DESCRI PTI ON OF

THE DRAW NGS Ahembydgs@nbr ihd j 2 u under st ood with
referencg to th ,acconpanyyﬁg%#@gﬁ@ggﬁﬂﬁﬁgp§?ﬁ%?%%yg?@g?ﬂF@ﬁaéﬁmﬁb
illustrat® 8§%W§?T&P§ﬁe iIFRex Providing heotplirgseldrical deyet subfcaphiphasd arl i M ti Ng
the scope of the invention. Fig. | is a flowchart illustrating a process
according to the present invention; Fig. 2 is a schematic illustration of
a creping systemthat can be used in conbination with an ionene pol yner
crepi ng adhesive fornulation according to the present invention;, Fig. 3 is
-a graph show ng how an adhesi ve fornul ati on used according to the present
invention (Exanple 1) retains higher adhesion at higher noisture contents
when conpared to an existing conventional adhesive fornulation
(Conparative Exanple 1); 'and Fig. 4 is a graph showi ng how an adhesi ve
formul ati on of the present invention




- (Exanpl e 1) had higher shatter and remained tougher |onger when conpared to
an existing conventional adhesive (Conparative Exanpl ﬁ%&%’ t hat 0@\530\“ ded a

soft filmonly at noisture contents above 4% 18 Nove

02/ 099193y B(Hhobi392/ 17431 4 DETAI LED DESCRI PTI ON OF THE, | NVENTI ON

According to t)hj'g present invention, ;a method of manuf act'ﬁ&:ﬁ? ¢ F’]epe paper,

i ncluding soft, absorbent tissue paper webs, and particularly to anodes of

crepi ng of gershe adiustys totthe ratatiag cryhadteeiuda}teeswfam todsisn aanﬂh&uikheisyewe

characteri sty n difficult Ac rdlngto

the present sI ﬁ%g‘%&}v%ﬁnégﬁueﬂ%gﬂ t'aghea‘aﬁ)egﬂrgﬁrygr rface céfymglﬂgz rﬁberw? fo ﬁ@ of wat er

and fi ber u@h@wadr(mﬁﬂr@mﬁo(fmmlaMﬁb@m,r@dm@pﬁmﬂquaed fibee walzom she t hen

- devat et ed anghdi 4 Ablle. e MnchbinePah o Allof fid iy dBiSeued 1S 1 hen

conveyed, for exanple, carried on-a arge preferably
st eam heat edlkyigmieya haloenexyplipas, and aneaminerteat diffsrsfemethe almitesavihene as a

Yankee dryeferpoliir Wehin S8/HMA, Xpﬁ{i&r@ﬁy%lnﬁ R84 gtﬁyl ediafline? THG i dcﬁn&[y erential dryer

position that is preferably at |east about hal fway aroun nor e
preferably Athepixeragy féfﬂ’éh'f“‘?‘#‘%’%t’roéﬂﬁﬂf"mﬂ Rrbospite ﬁﬂr‘?le‘faﬂeramwefﬁltlbierespect to
the zone ofbnd®hbomle- contact fromthe drum The de-contact zone is equi pped

with a creping b a t .which th web abuts so as to be_ pushed
backwar dl'y upon Ar‘f@éﬂﬂ‘ﬁ“gdfm‘gg aflﬁ'?sﬁ“ef’ﬂ‘éle DRIPiP 2 BsaRPortekhife iR pdisd paper

structure. Antirttiowbycrfarehcei | | ustratl ng a process according to the present

“ensuring that o AAD U uiEef s uelf e BeB R R 5P g B B nel st en
and uni f or nierilep eseription droexemplugy #nd exmocaio @ly 4ol 201 @leintendddtapionide of t he web
{1rom the df Y&mBRLALGAor e kB B kdiof 081l B8 M GHe B he o oPT g

bl ade. I n sone I nstances resent e
consi der abl ¥hishpe ingereoratedinapheongfitutg p P%rbofatb'é appliogimnpilusiricgiterdbased on the

wei ght of the em\ﬁ&bﬁewtmmgaﬂln%mo% af@ anéﬁulfafdezérgm@mtm 10% by
wei ght to aboT O%B% vvelgﬁm, and npre particularly fromabout 40% by

wei ght to aBHut" legli Rreseptdpyep#®nnr ocessed .according to the nethods
of the present invention. Such webs accordingly would have fiber contents

maki ng up t ﬂgﬂ web. The noi sture content,
dependi ng uggl %é%lgl%g&?&?%ﬁ:%\@ﬁégurface and the Yankee dryer
surface, nmay t erfle prepnidagsiontihey baeiprd follpdiierseod with ngférgndeao thhe dryer

t hroughout g, b vih N6k AS 112 ?Igﬁrfes Y ﬁmtenﬁézl'[tggllu@tgitéj%}éﬁb %ng-gl;odism%cp of

ci rcumstances, there 1s usy no requiremen e use of
suppl ement afhe a@FFé’le‘(FéUOﬂa’ﬁ@FO@ﬁl@%hwemf@wsm{en@madhes| on to the dryer is

so tight that aFlgr ﬂs%@ﬁﬁ cAEMLstRHAd R PFScesd zlcb&@iﬂgtcpthtj: reSnf&lenfbd; S
~ sur fact ant S, %%f a&ﬁ%@‘l’loos or .convent | onal %l ves for ¢r epl ng

adhesi ves or ot Gté’s‘n“%r&tdo%f?ﬁ@?lnﬁéysffﬁb‘lhﬁé’anB%‘t‘sﬁéé‘n the dryer and
the web, orconfbati@xdniah Ganewd poBhetkping AiBea B NRion h&okdifg th tlehe ext ent of

adhesi on. ~ 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%,




In sonme nodes of operation comonly referred to herein as through-air
drying, contact of the web with the dryer surface is d‘;ﬁtéfflg In_ a

t hr ough- dryi ng operation 18 Novenber 2005 WO 02/ 099192'5NGEPPHEES 17 431
accordi ngvto the present invention, the web formed fromthe slurry of water

and fibeM?&Y&hat ered wi t hout significantly pressing PCRASKEL74eb. This is
“followed by a drying action that ihcludes a hot air blast. The resulting
webs are t h@ETATESS 9EsCRIBAON GRYEE: INT ﬂTf’o&“”Ck' ed fabric so that
t he web adheres to the dryer in close ace zones, with bul king of the

web bet ween t he A6PHd&e toﬁhﬂﬂ"’?s’é‘% HgRtioRGR l’aﬂﬁhch ofananuiaeuning caspe 800 openi ngs

per square hfaﬁzhli Bk, 2RV 1B Ve stency of
such webs ngﬁ‘t}esent edtto tpagérdrgste??dﬁwog%ﬁmol#g% %t%gﬂ’iﬁgﬁ%dhmel ght to

about 90% by® na Tci“{‘)tef"ﬂ“elﬁﬁé“da?dh@@’lcﬁ'eaéa%eﬂcsddeleﬂmlﬁglﬂtgo the present

i nvention caperdinaligieibulits, M ctdMiRg@lihe Résknt Fhdthiich, 8 ST oz Vb Gs fo'f'rﬁﬁf ng net hods,
I nes,

W th Yankee,.dr d nethods, and with wet- Crepe nmac _
systems, ang® rﬁ%t% éts W’% E'B&@Frrfﬁmgé "?Wémﬁ’tné]s‘@?hf"’inﬁ\'/@ﬁ?ﬁ“éﬂ?e Theevebdnene ’
pol yners or thpodleyvmreﬁandmeférebmﬁrayleasapamﬂyuﬁh@orﬁ&mbﬂﬁksthérp&wé}e&tf&) i.e.,
cationic po@gmgscﬁlggggﬂpbm aar%eer Vélt‘izi |t[h%%ﬁ£sta|§?‘értuge po’Llym;; ?ﬁgkbone

(al so known
 creping adh’@@rrvbmtheﬂemmgd ttlmwaerdednhm/dnyemJ 'Hwebfcommﬂnguﬁtels tecfrpered to

herein as i Q of this Iass are

t hose pol yrrzgrggmggégcrl be%ﬁ?osgéﬁ{m{égé% Pa%;?; Bﬁeégot’g%?‘fwﬁ%ﬁ‘ ‘@Aite and -
Engi neer i ngorypielmblypy least #b@m75%@WDWhWIISAI$@h®yerpsatyesspé:@&rtﬁé)ﬂmeV\/m chis

~ i ncor por at egt v B&kdhta-trdof e &) 'Tﬁéa/e-éa}{tacﬁz%ﬁéfs%@ﬁgyedw at%ksgfng%iaﬁa' activity

of this class of Eol ynmers i s also known aunm Bi ol ogi cal

Activity of2eHBHEH Fivﬁl“g?hehués SO aifpIbp pephEdiaginerdigynpoiste i advgtainZly  299- 317

(1973) and vGell-Hibiyn 1i$30d orépe phyer sam&tum Al RN aiart@meaﬁtﬁ, by By ddbs3 ] &foﬁ&}é g
Sterilizati g preSElgd Pr esergatl 0 Bl ock, Ed. 2 333 Lea ebi ger,

Phi | adel phi SR I SER TP ‘5”F?clor porat ed by ref erence. |onene pol yners
have a vari ety Olic arepig aktion uefamlﬁm by ¥adARE At bwasis NeloRi & 19 83,

bactericid . as c ntrollln even preventing
rof 11 m and 2t Friete bl R ind oillh ot §ORh B0 gy i iemS Shefat 510,
4,027, 020; ferigsss deaweb fym¥ieldrBy befout oS BhOE, zors i 8, \0GEity of hé ZBep@iy3;
4,970,217 Snddbhsoh@Ansnds 088l EresdndA3 il 0Ryer Wik ddd Q] ©0 a7

incorporated herein in their entireties renc Ve vari ous
exanpl es ofCHAEEEPIH P[V)H'E%OS/“ bytvyrght b"ﬁ?‘b‘wdh%l’fvﬁ@ht of hgavebh éYqu éw. Any ionene

- pol ymer or mm;g:wmteaﬂ‘s ofmeﬂﬂutrl@%yﬁfﬁﬁéiahﬁa)yabgﬁt 008 e AGlbe the present
“invention. assified according to the repeating
unit founcﬁ’a q?rﬁ'efp %9‘!%5% b*ﬁ’é’jfetﬁé%&“f Ao &m“’[clg%gqml{egrqcra%?ﬂ the reactants
used to malkeesotdire to ihe methedspoihy prsent Mvekion.r SebhivebeneotiRbMWaR llahg! ude t hose
descrl bed 'ffﬂer%rﬁent%aﬁél\%%tugm add;?énapwéxggtﬁ/& OMe ng ﬁlelrrii’]o(‘;'sotlgr ggn?én?d her enin

its entirety by re
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

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




. with at I'e

A first preferred type of ionene polymer conprises the repeating unit of
~formula |: 18 Novenber 2005 WO 02/ 999192 PCT/U802/17:4 %@ HSS =1 X AN+
BNa R 12 R1Il Inthis formula, R, R2, R3, and R4 can'be’f" WFWQ%I or
differen d are sel ected froan C1-C20 al kyl optionally substituted
RV%@?‘”%‘H% hydroxyl group, apd benzyl optional IPfTé‘JP\éyﬂFt”ht ed on the
benzene noiety with at | east one Cl1™- C20 al kyl group. Preferably, R, R2,

R3| and §4f aﬁceo%ii]g tdéﬁ% ﬁ}ysienmﬁveaﬁm&e w&rzhﬁmaécpmnk thlélslu'h@ o@wﬁkkwaatlt gﬂfrkxf ad: cal o
sel ecte rom a en a ene, .
- C1l0 hydr ox@‘“‘é‘T O“té%‘#é‘l‘“?’iyemiﬂngéw{’ fﬁa fs-fed OW%@EWYWI her,
_ a:’ il fane al’mhtfeﬁlﬂ:d&b ahcﬁﬁ@oﬁitk‘&ﬂeeﬁﬂtmg)ﬁre@hretﬁ‘&ﬁbréds&mbﬂiltex%yde-dgﬂer ao -
~al kyl ene. Prefera " A" al.ent C | ene

al kenyl ene, (}QHWF%%@%‘P‘%@? ‘%%é‘dheé‘?s t%ﬁf'r?f?@fe nc !¥1 @a"ed@@m YCV:E?/I enet her,
and nost pr bﬂlan@tﬂﬂ}e WeB'betingen BbzoneCribrict-aving as ﬁhEa €O openings - CH2 CH2
- o2 Gz - ' F%lr%hl Era)llI( a%o € 1?1%)/8‘56%'5 %laﬁ%;[) Eﬁje er cc?n%%s Ct e%ﬁ%ﬁhy €1 -A0

al kyl ene, ene, r oxyal kyl ene,

- aryl ene, ar \}’heem@s{illed-tﬂh@dtyeaﬂnhweémm abowt 10,% b}@ktiwmltdqblow:r?@%rbylwa@ht
-CIC>aIkquﬂ% Preferably, "B" is Cl1 -C5 al kylene, C2 -Cs al kenyl ene, C2

-C5 hydroxyal kyl ene, arylene, arylene-Cl-C5 -al kyl ene, or Cl-C5

al kyl enearyl - c Thethesiyek yscd necordig4e th presest %vammnb@se@qﬁl flyEpeh-CH2 CH CHz

-, -OH2 CHgr (lde 5#8ms and%eptr@ﬂ?etﬂo@"%)tﬂ Yahidee dryel BRtRRYRM xﬁéthddg ndX2", is a

- di val ent .counter ion, two nonoval ent counter ‘i ons, or fraction of a
pol yval ent WEUWEtSHEPs BAChGR-SyEsmsntndmsthodt. ance the cat i on| c charge in the

repeating unit waiceding @nﬁsﬁ)r&s&e mve[mﬁﬁah@i@hmblyhafsk]b@a@merfer@mlﬁla@l y, X2" is
two nonoval ent . ani ons ted.froma e anion.and a trihalide anion

and nore  prePEELIoRRORKE &qp?yaaat%f °p F?ﬂ‘i‘f"ﬁé’°in8Ff‘eﬁ‘?8ta‘BBﬁgﬂH§?‘Ea’H aving trihalide
count er i onstragess in d:emlymbddzckhondiaﬁo lakéarin. as olym3rid qiats4r Bolyduiai), diasark osur e of

B er e hAARALRLAdAARLTe birls 1S A dos U BB AN RE el BE | ONONC

pol ymers havin prep ar ed by a
nunmber of memn@pmwpome Fmrmw Gf ¢hetpolymesscaf tis daamert@sepolym@rsf ornmul a

R R2N- B- N%%bw 1B hle@nglcmubg f }%%)mteh?c:gn% M ﬁ?ﬁ%eé‘ué V'oﬁﬂl@ HE ﬂ%ﬂl ymers having

this repeating _unit
John Wiley & Sons pages 499—500 which is incorporated herein in its entirety by

reference. The biological activity of this class of polymers is also known. See, e.g., A.
Rembaum, Biological Activity of Jonene Polymers, Applied Polymer Symposium No. 22,
299-317 (1973) and O. May, Polymeric Antimicrobial Agents in Disinfection,
Sterilization, and Preservation, S. Block, Ed., 322-333 (Lea & Febiger, Philadelphia,
l199 1), which are incorporated by reference. Ionene polymers have a vériety 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:




WO 02/ 099192 PCT/ US02/17431 7 and nethods for their pr epar ation are

descri bed, for exanple, in U S. Patent Nos. 3,874, 870; 931, 319;

4,025, 627; 4,027,020; 4,506,081; and 5,093,078, the di E%N%W%fsm% whi ch
.are incorporated herein in their entireties by reference. The bi ol ogi cal
activi t ywero2/09pene pol yners havi ng the repeating unit pefirtuSeyrmgia | is al so
described in these patents. Among the ionene polyners with a repeating unit

of formula I, a particuylarly preferre]gglonene pol ymer is
pol yoxyet hyl ene- (di met iyl i m ni 0) et hyl ene- i et hyl i mi-ni o) et hyl ene
dichloride. I this ionene polynmer of ifornulafl, R3, R2, R3 and R4 are

each net hyl, is -CH2{CH2 OCH2 CH2 -,{ Bis -QH2 CH2 -, and X2" is 2 O -
and the averdge nol ecul ar wei g)ﬁt is 1,000-5,400." This ionene polyner is
avail abl e f Blicknah+Laporatbries, M. of [Menphis, Tenn. as BUSAN(r) :77
product or WSQP(r) priduct, whi ch arj each 6§% aqueous di spersions of the

pol ymer. BUSAN(r) 77 apd WSBCP(r) are tbiocideq used prinmarily in agueous
systens, including netal wrking fluids,, for m @& oorgani smcontrol. Another
particularly preferred gonene pol yner %avi ng a repeating unit of fornula I
is the ionene polyner where R, R2, R3 and R4 are each nethyl, Ais
-CHZCH(O—DCHZ- B is -CH2 CH2 -, and 30- is 2 d-. This ionene polyner is
a reaction Iptiggfonula R NENRMand\R cart tetidentied oy fiffkred; eilhanediahtareHw t h

(chl or onet hy| r | t of

-1, 000- 5, oogd -?:091’%!@H&dl?%mﬁ@é%?%@&%@%%@@&%ﬂ Eﬁa‘ﬁ)ora ?)I’I es, the. as
BUSAN O 79 ?ﬂtl@tﬁlﬁ’e‘l'batﬁﬂteme Pnz¢nie mpketyclviith at logsi ah Car@o alidlgro8P% aqueous

- sol utions Ofrefiagly 30! K?Tﬁl’and/k“%%%ﬁﬂﬂth?w}%gﬁf i onene pol ymer conprises the
repeating unit o?forrruall' R2 In formula 11, the

definitions of ReeepEp "Aé{rﬁ%la‘}h\i’aé‘?"émfiﬁ@ selggigd fé‘ém ?h@s@“@’éﬁnl‘-’«r%cptabove for
formul a 1 a?(ccny]&]eﬂcmmu@hﬁﬂ{e QFQBhﬁfroﬂy@l&yie%@wﬂﬂéﬁfm &fasﬁm?én;fcadl-gﬂ} COU”E ﬁr
ion, or u icient to bal ance the
cationic c h‘ylg?eﬂfeﬁ’ealﬁﬂg’eaé lF’?’fdf‘ é‘i"taﬁ‘y\%‘ff’é’ﬁcl’ &‘hﬁ lylgeeavbhefe pol ymer. X
may be, forauemmaebratay,war' ischeilmentm.l-tladm)dmaa@-omlkeapléne &-Cks preferably

chf ori de_or, oA ae 19 MNSRORIC, 2005 M0021 Q98100 CETLSARLIZAZL & The

i onene pon he're ea prepared by
CH,CH;,-, -CH, CH(OH)CHZ or -CH—; CH2 OCH, CH; -.

The group "B" is a divalent radical selected from C, -Cy, alkylene, C;-Cyo
alkenylene, C; -Cjp alkynylene, C; -Cyp hydroxyalkylene, arylene, arylene-C, -Cyq~
alkyléne, or C, -Cyg -alkylenearyl-C, -C g -alkylene. Preferably, "B" is C, -Cs alkylene, C
-Csalkenylene, C; -Cs hydroxyalkylene, arylene, arylene-C, -C;s -alkylene, or C; -Cs
alkylenearyl-C; -Cs -alkylene, Most preferably "B" is -CH, CH, -, -CHZ CH:CH: -, -CH;
CH: CHa CH;z -, or -CHa (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. lonene 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




known nethods. One nethod is to react an am ne of the fornmnul athRZNH with a
hal oepoxi de such as epichl orohydrin. |onene polyners h n e peati ng
unit of formula IT are described, for exanple, in U Sﬁ/g ?e bl%zdb§4 1%1 679
and 5, 05%, di scl osures of which are incorporat in their
entireti es&%} re?er ence. The biological activity of io Lgﬁ%?@'rrers havi ng
the repeating unit of formula It is also described in these patents.

Pr ef'erred i @némethpdslfgtrk@'rryrehavﬁiqmgﬂ&d!aecri’oeq)éca’[exmgﬂumlﬂSoH’ata‘noNnmI a ll are ':1 hose
wher e teh Thi s
pol ymer |s rgngt al ng§3§§§}ah qﬁgac?’ﬁborﬁ ’E))?é ﬁ%{ 3&"'&&'%[93‘ %7%’%3 ISCIOS“reSth '

( chl or onet hyYhidhare ingpeporated Yerpindn thein extirgieagpersfrnines Ehfameep:g attivity of

- 2,000- 10, 00Qgpetdie,; g&%&%ﬁﬁﬁ%ﬁéwﬁyﬁhbﬂ &f&fﬂqg;%és@&nb%@?%@ﬁ{eh@yms' nc. as

t he BUSANQ(r) 1055 produ 0% aqueous di spersion
Anot her preferr eﬂmP%Wéﬂeﬂ%P%lms Withy p regeating uptegi darmlad, amtticulsfly fornul a 11 is

obt ai ned as of i chl orohydrin, where
optained p?efér@@%b&@:olﬁh&qyﬁéhlns }ieﬂlymﬁé lhegqfaﬁn,weﬁlble,;?ag Co Ao Thi sl onene

pol ymer has da‘mﬁgglﬂﬁ‘“‘ofﬁywl%f%&dédéﬂH‘b‘P@‘-‘é&P%‘i’mﬁé‘if ﬁﬁf'“aér%i RsREpdi | abl e from
Buckman Lab®*ai@sdh@thyl AGs OPBCHgO@@P/CHQ-UBMEEQHGt|aﬁH|Xa$sibfv‘arﬁldﬁAN( r) 1055

product. A third t I .Cco lSes. a re ting unit of
formula 1111 Vcragf"ﬁyeﬁﬁa’we'g}“ 'S?Eﬁo'%ﬁh‘f{gﬁ‘ﬁ 1R sP° Y RGVAL 8%012'005 WO 02/ 099192
PCT/ US02/ . 1B4&inanQ.akriBoriss; Iic. ofDHi3n S Terd+as BUSBHEED 0F prodhict of WSGP®N+ CH3 The

07D Ol A i B S el e SR P2 - 0

- CH(OH) - CHWSQReRrobioqidermRey primiHly @ @pedi-pystemX-indlydingrmetali &R iids,NF R 2 - CH2
-CH(OH) - CI—IZf(er,crogggan]smégml%llvarl ables n and p independently vary from2 to
ent

12. Each R is ind
Another partlcularly preferred ionene polymer having a repeating unit of formula I

is the ionene polymer where R}, R?, R’ and R*are each methyl, A is -CHCH(OH)CH,-, B
is -CH; CH, -, and X is 2 CI'. This ionene polymer is a reaction product of N,N,N'.N'-
tetramethyl-1,2-ethanediamine with (chloromethyl)-oxirane, and has an average
molecular weight of 1,000-5,000. The polymer is available from Buckman Laboratories,
Inc. as BUSAN® 79 product and WSCP® I product, which are each 60% aqueous
solutions of the polymer.

A second type of ionene polymer comprises the repeating unit of formula II:

R]
X
T ' n
R2 EE

In formula II, the definitions of R}, Rz, 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 example, a halide or trihalide anion, and

X' is preferably chloride or bromide.




hydrogen or a C E --C20 al kyl group. X2- is a divalent counter ion, two
nonoval ent counter ions, or a fraction of a polyval en unt.er.,4-.on
sufficient to bal ance the cationic charge in the grougggove%”beﬂdﬂg

nonoval e@b(?}éﬁn f,er ion, one half of a divalent counter ion or a fraction
of a pol yvarent ‘counter ion suffi cient to balance the Bat/UeRi1&thar ge in
the group B . Preferably, R is hydrogen or d -C4 alkyl, nis 2-6, and p

is 2-6. l\/bSt pr eheibriab yolynlférs Ha&nﬂhﬁéﬂ’fp@:ﬂﬂ@ it o Rkbivh 11 nﬂiy'b% pl?b abdpp is 2.
Pr ef erred unt er Icfnén or, X2- and X ,as - .t hose di scussed above
1

for formul ae YV mshods eﬂ?gmﬁ&lt?/’f‘?é‘?tén ?IF‘“F B%Wﬁlf%fmF’laIR BRAE wékrved by known
met hods f r drldepcgide éwkhad dpy:hhﬂihmﬁl Toydng pblﬁfﬁl@ﬁs haWﬂg fH réfslézﬁma'uﬁi@oﬁ( nown as urea

di am nes. | t he. f hods of their

prepar at i ontgl[}'rﬁl ?I%ﬁd%qﬁﬁgg?rc%?"b"éﬁ I @H%t ‘554 51@%@%? PHel?t s U s, Pat ent
No. 4,506, GBstlosurésef dhlslcitrc)mmrpnméd Ihdircin thedr dntiedie Py efefflcdIghei n in its
entirety 5 WD.02/Q [ US02/17-131 10
Preferred P%Or%gegﬁjea?%g @%Iglroéghggl mrs véng(r%lgepigg?auﬂéu ﬁ?f}[ rgfu? SRBPa 111 are
t hose wher eleRribes inthess peferdsri ne and B is CH2CH(OH)CH2, and X" is O -
Avail abl e {1 o BURKSThent RO ALE B s ATTATRLRHAFE L UCBECT) 1000

product are 50%a ueous di spersion S |1 onene ‘& i onene
pol ymer i s FoBtdR’ ﬁ@&a‘één%{’ﬂ éa&tquﬁﬁﬁ?@@@bt-a a9l XNSNEL- Bhis polymer is

{1 (5 (a1 mablaoatanabiapRRd bR RPAER LA Bpyalg anene pol yrrer

havi ng an average nol ecu] ar wei 000- 15, 00

3, 000- 7, 006" 2{eggamalesily Prightof 2.8 }Q@Pnﬁletwrﬁi%p@aﬂliah@mwk@anfomm ae |,
11, and IIILabmator&b 3. asibe BUDINEO® 1 096604, B D% adidods digREMMGREY OF ot her

pol yfuncti ogla am nes using nmeans known in the art. |onene polyners can be
cross- | i nk&d”éf't her t hrough the quaternary nitrogen atom or through

anot her functi omthegvrcih}mdamtemmetbavﬁﬂgeh@fﬂpya{mguﬂﬁ%ﬂf&&nﬂamis to a side

chain. Cro repar ed Iy

co-react am?5 gta#n%%g% %@%Q&Cg%%ﬂ%ﬂé&mg efjrz'llt‘3p lﬁ%lorogycglg §‘R ei ssue U.S.
Pat ent No. a@8ﬂ®@8ﬁhyt s -6 (QBBGHe sand X Mhﬂ“h&rmmmpcdyrpermai aeﬁomier einin
their enti ﬁ@b@(ﬁa‘@er@@é ﬂc@&@lﬁ%ﬁt ald'€ a@%h@lé %@Eﬁ La%%? ?Jriepglf } he

Cross- I|nqug i onene é rs pregare reacti on di I met hyl ani ne
and eplchlé?dﬁ?8WFﬁd“WWé5@F YSANBIS Qﬂéwﬁ{eactants listed are ammoni a,
prinmary am nes,A i hesrasteA fol@ter cariel ayl‘éﬁ)éaﬁﬁﬁ RS fhRBN@zZi nes,

het eroaromatic diamnes and aromatic diamnes. U S. Patent No. 5,051, 124,

t he disclosure of which is incorporated herein by reference, describes
cross- | i nkedttonBme—poBymass resul ting@ifromthe reaction of dinethyl am ne,
a polyfunctional ami ne, and epichlorohydrin. U S. Patent No. 5,051, 124

~al so describes nethods of inhibiting the growmh of m croorgani sns using
such crosswhértimRed i onene pol yners. O her exanples of various cross-Iinked
i onene pol ynmers and




their properties are provided in U S. Patent Nos. 3,894,946; 3,894, 947,

+ 3,930,877; 4,104, 163; 4,164,521; 4,147,627, 4,166,041'&§,6%g,778' and
4,769, 153. The disclosures of these patents are LnCorB;‘ﬁF 2% n in

their entireties by reference. A preferred cross-linked ionene polyner has

a repeat "RYPIA? of formula 11, whefe R and R are eggﬁ“ﬁ%¥ﬁ§ﬁ, Ais

-CH ,CHOHCH2 -, X- is d The ionene polynmer is cross-linked with

ammoni a. This ionepg pol ymer hasca;nol ecul ar wei ght of approximately

<100, 000- 500, 000, @nd is availablg from Buckman Laboratories, Inc. in a 50%

aqueous dispersigE sold as the BE(r) 1155 product. Buckman Laboratori es,

Inc. products BUSAN(r) 1092 or BUBOND(r) 65 are 25% aqueous di spersi-ons of

a cross-linkeduiq@@ne_polénnL_hqying_Lgpeating units of formula 1I1, where

R and R2 are each nmethyl; Ais ;:CH2ZCH OH)CH2 X- is Cr, and the cross 18

Novenmber 2005 WO [02/ 099192 PCT/1F802/17431 11 I'inking agent is

. nononet hyl am ne. [This preferred | onene pol ymer has a nol ecul ar wei ght of

approxi mately 10,%%9-100,0001 Then, onene pol ymers conprising the repeating

units of formulae™% if, or IIl may also be capped, i.e.,” have a specific

end group. Capping may be achieved by neans known in the art. For exanple,

an excess of either reactant used to nake the ionene polyner can be

enpl oyed to provide a capgjng group. Alternatively, a calculated quantity

of a nonofunctional tertiary am ne or nonofunctional substituted or

“unsubstituted alkyl halide can be reacted with an-ionene polynmer to obtain

a capped i onene polyner. |onene ol yners can be capped at one or both

ends. Cappedjjconene rs andtheir nicrobicidal properties are
described in UFQ: P tent‘hQs. , 931, 319 and 5,093,078, the disclosures of
which are incorpgrated hereipn in their entireties by reference. According

to an enbodi nent, of the present invention, the ionene polyner adhesive can
i nclude at | eagt abeut 20% by ight and up to about 40% by wei ght

pol yal kyl ami né units, at |east about 55% by wei ght and up to about 75% by
“wei ght. hal oepoxyal kane units, and at |east about 1 % by weight and up to

about 10% Wyl Bt - |_er D Qhp¥e AR, UNbis. Prelcel alh Y, hese wei ght
LSRGy (B, SOV 08, b LGN e 1ol o

percentages_are e am e i s di et hyfani ne, the

he
hal 0opoxy al GHGEDCEL o 87 CRHBONTGONNEAGHR Dire Thegript B e hBTH: BT S
et hyl enedi arfiIR? RAGCIESi-RU-¢©)-NHY, &f %ECHH@W RENEHPICH(OB)-BHERENt

i nvention, gthe_ionene polyner, iS5 lightly crosslinked terpolynmer of

di net hyl am)%ug"f}ﬁm‘)“"}b?eéﬂia’&%’ HP%WF%H"E‘( '51?5 to et Eagh Ry FERt Rl (EDA). The
t er pol ymer hydebarabCy-Gaskyd gioap. 3@ i0f dilaihnt combriofwd maidvaléedtintet: 1 t 0 about
1:3, nore preferghly from.about 1:2.to about 1:2 2 The t.erpolymer
preferably’ réssoré%%ét TS BOES n{%u'ﬁglm%ﬁuﬁcr'%}ﬁ{oz]%‘oaﬂfe the ?ﬁc”i"‘éc W 1:40, nore
pref erabl y thd grom RBOist nfon@@ldnpcaniyenitn, bn@Ualf dilaelivabanpaluyimeion praef er abl y has a
ratio of Efick dohoiajcnf LMeABRUickont ) tafinBAM batibni® Gnac gl fhe Bfcsher bl y from

about 1:13 to abo _
' B'. Preferably, R' is hydrogen or C; -C4 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 X2 and X are the same
~ as those discussed above for formulze I and 1.

The polymers of formula III aré derived by known methods from bis-
(dialkylaminoalkyl) ureas, which are also known as urea diamines. lonene polymers of
the formula 111, 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 eritirety

by reference.




“~halted i f the

terpol ynmer may be nmade by a staged process. During stage 1 of the process,
EPI is charged to an aqueous m xture of DVA and EDA. The reaction is very
exothermic and cooling with an external heat exchangel® BWePIARLY shoul d
be used to maintain the process vessel tenperature bel ow 150 F. Cooling is
di sconti MRYWHEA? the end of stage 1 in order to all oRAAEYEHer ature to
rise to 170 - 180F. Then, 50% sodi uth hydr oxi de (NaOH) is charged to adjust
the Ior Wi t hi nEtP :"[&eféeéﬂd '161?ele pepges hd?ﬂh%&?éﬂegtg{giuﬁﬂ ogfz,ﬂﬁmnﬁ&% %(gsels\l&a%%e_ 2a with
si nul t aneous . nd, wat er, .char ges. er Stage 2a, nore 0 is

char ged to'ﬁa\%l'j“ﬁ% farpipg ang e 1 gﬁ@é‘é@% apphX }Séﬂc 3la fipn BUgBR®.  The anount

of EPlI in easforsidiis, nd S RASREdRSnt BEOMDSERGHIY ale 0% 8qR6ss didheiny i scosity
‘reaches 450 . 500 cP,  sul ]:SH’%LC acid is 18 Novenber 2005 WO 214,2)99192
PCTI US021 174534 1pSueaiolmst he ionengipaymen ihgbianpd a5 agerctigy e drci SN Dige of from

about 5 to AHb@YtinGthyhinéi)-phpyitnenind epialileohydinchiah Bachetpolyadi hasingbdie batch to

50% sol i ds tent.and th IS _cool f punp-out, a snall _
anount of vvg‘tggarge Pgleglﬁgr%eé%t gt';]éé&)tﬂ ﬁé"@";{“’éﬁ“%@%c?@étﬁ@t ed via the punp. As'an
exenpl ary pr ocedsenchopolyradts egnprisiag the repaitiygrenits ofl fGM0Be Yl hdilI stagiakd ess st eel
process vesgel i 860 W : - er...Then, 500 | bs
of EDA is ceﬁl'arcrmjagl Jta?l?ﬁ)g“ﬁ\% é% g@aé?&tﬁ%&@ﬁ@ ?&é&%‘g%rgg%géﬁu%%e%nﬁar gi ng

t echni que. kuoew in thgaw Iptyge pelymerhtap e goss-lDld ¢ithecthwngeie qwtetiay vessel at a

maxi mum r at ﬁitr@%en RA: 1200 ARShaFFRLEBal r_g?%a:p atthdhEd AL Sy, bakfons Byl d be

> tenperature exceeds 140 IT the pressure .exceeds 20 psig.
Next, 14, 30%sfefd28f EP| is charged to the vessel at a rate of 40

I bs/ minute or alyeks-lidked ibfehdtbdlhds, frepedidisig cHRONnLQBRGERIHE:Qre EPI  Char gi ng
shoul d be ‘Emlt%g ﬂ éphe{?té\zngerature exceeds 150F, Fgr the | ast 1000 | bs
portion of TFfPsEHn Hdatedy &34 ¥hpad Bassre Ush batrts Noe? 3% dfed to reach from
about 170F dislateust Wifidhare intorpdited i3kt in Siea@atireti@ 0 rdfisncaf THe @Mssedi um

hydr oxi de s i on.is.char .to.the vessel at 2 bs/mi nute. Then, 1200
e of ep Ead 4806 BRIF e by KR S pRkmER g ReflPEE G ang

respecti ve dimtibglamine 381 dpidhlpsshyinm T caovelliakiog tdrshenmised ablremonB00 | bs of
50% NaOH i g; ed Livitae; : -0k to about 150
addi ti onal l?ﬁhlbs of EPI ]g}énﬁ%gﬁéﬁ%ﬁgél&ﬂ% Ot%%l%eﬁ’g!léger%g]tg ’h%totgg@fnﬁ%f the viscosity
to a desiretimigeend gompiiofimbeut 450 to 500 cP. Then, 530 Ibs of sulfuric

aci d (H2SO4) i s yesidedndto. $061, 1ASheuiRsEre R Anth hdihioPfbra@iliREcin )8Adi ti on
follows to achi eve a.scal e v:ﬁ%?ht of 50,000 | bs (about 4600 to 5100 | bs of

di | uti on weFiErece. piseribes pigasyinked iguqng polymers e tingom theseniwA 2 | evel in the
range of f rdethgieie, apotydunalieial anfive, fdlepichlofhed@b IU)S. PaentNabnod1, 124t 0 about 6.
The resul tant r.pol [ r ct.in ter .can then be diJjuted to a desired
concentr at ?atl)sr? 'dte%HB%s)%e&”ﬁ};qua? fn@giﬁ%ﬁ}]@%%\ﬁ%ﬂﬂo%%ﬂ"% "PREEAEET di ng to such
a met hod i slinkitdﬁ_ermhﬁbladeﬂswtmsxmphdwfvaﬂiaﬁﬁ&es%gmkﬁd idivee pdyreaeasidhesi ve is

preferably @&Pﬁrb&%ie%gretp*ﬂ%%@r%,s%E LAG&, ?,%9@%4661?,294&5‘4“?1 %%jo‘g;f‘r?;t o the rate of

dryer surface rotation, rovi des an ‘adéqua nmou adhesive to

hol d 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
1L, where R1 and R%are each methyl, A is -CH,CH{OH)CH; -, X is CI', and the cross-




-char act eri zed by a

the web during drying yet rel ease the dried web upon conpl etion of drying.
Conventional adhesive coverage rates and wei ghts can be used as are known
to those skilled in the -art. Exenplary application r at &¥oysmbd F’P?é] Adhesi ve
on the drygyesshdace can range from about 10 nmg/nR to g ﬁgg s 500
mg/ n2, or nore, for exanple, fromabput 50 ny/n2 to ab T or

from about 85 ng/n2 to about 100 ng/nR2, based on the solids wei ght of t he
adhesi ve confibHErgewhis meperneshyidntine. Thikprefbd Fingre podymeohdsiamduskeywdight Novenber

2005 WO 02/ 089425k Whod.1o648¢ 13 applied to the rotating dryer so that

" an adequate anpbunt of adhesive is always on the dryer surface. O her

t eachi ngs of cr ephsigness BlyRes compripipede repptingdniis phfomubled IHesBimdhed in t he
fol I owi ng U&ob?@é E&ﬁevlm&ehs ific dnl GRIP U AL i entireties by
ref erence: 640, 3041%625 4%44g agg gfﬂ?b%&]évgd%éaﬁ 146;

5, 025, 046; é“’?‘g‘?‘“élif‘ga“ 8“@2%“%%&1‘ Excess Q%t'hsfztf&ﬂct@t 35¢d toppake s iargme 813;

5, 490, 903; 5:;0@313: 30%: erﬁpl@ﬁ@i@ﬁ&xde’iﬁﬂﬁn@ﬁ@u 4&]%%’:1&%1& caléul %ﬁéy

4, 501,_640; 528 ?f%‘& 579; 5,179, 150; 5,234,547; 5,374, 334,

5, 382, 323; °:§ F8E 80""‘!5"3%?’ agyits. or gloppinchignal substiwied grunsubstigted a7

4,684, 439; Sw%&aﬂﬂﬁﬁaacéd&ﬂtﬁ,aﬁﬁaﬁene p5lyﬂ13r7to %6hin Ramrdnmse M%érqoﬁeh@ draw ngs,
Flg | is a f{y%sggn Eale] a.s rlﬁi t.e q be used according
to the presént rnven op ?ﬁ ° Ff‘%’ﬁ’ &t 3 GP(T%EG% A58 web  suitable
for use as fna@p‘abldtthp@s%es Etrqﬂeb@lbect ih 5% @atepEliog 3591 mm{d A0S aEFpaRe S, and t he
like. Such mgﬁlréa%‘f‘\%m@h%M]Joé@&%&’%%%&m"tﬁ&g% %lg re¥rén@ethe range of from

about 7 to about 40 poun sguar e aré fornmed from

~aqueous fiber sI‘ﬁ‘POPTdEGtO?Wﬂﬁﬁé'éieﬁqoéﬂ@pwls@@m‘ﬁem;fhesmmpalyslleurry may have a

fiber contenthchye ¥Riifie &fleaalba%ut 26% %{%@%ﬁt 813 318 e 40T/£1€y Wi

is
directed to conventional Fourdrinier drainage wire to %{ta fiber web.
Dewat eri ng PB¥AKYENIPG Pty afhlspst BRogt A58 iy aekyfisngd H%t%b?lé 7§%b&“’ét§h‘\/ent| onal

manner and thhleepdfaiiaetmive and athasiapgit ii%fbbfb@"glﬁ@iﬂﬁﬁpstﬁ ey 1094 b)p&&%fﬁr _?_E' y f lroom
e we

SoTLs The 1 ARSI b bRRLE iR vl SR g et Sarmve Bkhehou  805¢ by
wei ght and |psl)'épmmde is dingtittytaanirsf ®e he&medoxmﬂcraasmephhlfxabydrm aniMtiech carries the
web to the Qflﬁgﬁcﬂglggﬁi){@%ghﬁg&%naﬁﬁer ansfer fabric can, for exanple, be

es per inch in the nachlne direction, 72
meshes per i nch Adeprdingéo prefsedfimbedimicniof themieseminestiinothe feabireipolyloetickl es can

be provi ded;j Staqlgﬁw&@ﬁnl@@ﬁ%lyngpdpdﬂﬁetﬁy}@mﬁyEﬁﬂcAg gfc?ll)ggﬁ&@ﬁgEﬁg éﬁd creping or

Yankee dryer s creped fromt web havi ng

a fiber conft@?‘f?“eﬂ‘tam&'ﬁﬁ%?‘%} eﬁ'?&?ﬂl?fyrf&bhrﬁferwxbas&ﬁﬁlq of DMyete ERkoffemi nto rol | s.
Ref erring t aboki g1 toZpoithss, ﬁxbﬁ@ﬁeff@ibl)aﬂﬂﬂn hivk €296 Fouf BRI €h @,?519&1@;1 ed
r

2 ar ound t uPACRE IS 110 pUES: fedfap o thpul F B G b S rihicce. aryer

5. A suppl efremabdut [ @¢verabawtn r3ite Thadepoigmert peelferably 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 I of the process, EP] 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 (NaOHj is
charged to adjust the pH within the desired range. Polymerization continues in stage 2a
with simultaneous EP] and water charges. Afier Stage 2a, more 50% NaOH is charged to
adjust the pH. In stage 2b EPI is charged in shots. The amount of EP] in each shot

decreases as the viscosity increases. When viscosity reaches 450 - 500 ¢P, sulfuric acid is




at S may al so be enployed to carry the web in sandw ch fashion, which may
be particularly useful under conditions of higher web e fabric,
web, and dryer nmove in the directions indicated by thieéjlgér{%gﬁm% O%iﬁe entry
of the welp hiiwvhhe dryer is well around the roll fro bl ade 6,
which, as is schematically indicateg, crepes the 18 No(?e%@@ngé

02/ 099192 PCT/ US02/ 17431 14 traveling web fromthe dryer as indicat ed at

7. The crepé’éﬁrgﬁ‘él? Fjusite PH ép Yervdthin theradgeyad fromydegddo aboer 6. dllicneilativel t ensi on
rollers 8, "Qagpd cha?%éﬂ‘?d’z’ﬁﬁbsk AL Batéh t§9(?% s&{dgggrg r{g!nﬁisth'ee rscmc%xs 4Q4eq. TO adhere the
relatively dry web , tor exa er consistency) entering the
dryer to théfEipuRQut éﬁmﬁlh@malpyéﬁwatealsgbaragﬂ gnd theyfaten thtersulated visthappl i ed to
the surfacgugpead of the nip between the press roll 4 and Yankee 5. This
spray may be appJied to the traveling web 2 directly but is preferably
directly spr ay ed GRS RIEY grogess fop E'alf‘PSﬁhF torppbymes; acG0(iheadion gidintess steel by t he web

and to Iim protdaevd@&m@tcﬁ@gdd&nthqt) 1861 PaiMBos) M%hTﬁéﬂesdm@s othDAIIQS Ca”%" n?
1 S conten

fabric. The s era aqueous and suitab has a so

of from abofﬂ Pgequ\fbf %@S%reé%r Birge VAR %@rg%m“‘q‘ﬁ%fb?ﬂ &0dstofor nor e,
preferably énhgdroestioMA idHatged toalROrstse 2 Y@ RimullSrate oD AboS 08 Mhsinutd bi@nge of
solids cont %to apout 15% ilght is nore

pref erred aﬁ‘gh arg’?ﬁ Ja{e%guﬂj?g%ﬁw% lgtg ?eﬁigeré ont eé‘ﬁ?ea%hfrqp%%r\eg%gﬂ‘?ssﬁﬁ r roll
coating of @Wecda@mm \r@xodﬂ,éﬂﬁlbﬁeofdﬁﬁ)ysrchaarwdftade vesel akmia(f)ee:f@mati ng, higher
S0 cor Sk TPE L) 53, LEATIEH R L
wei ght . Thebaltedidthe tamieensirg eiseeds bR oo trui ey 1009 llosrmrtpneﬁénEPl thwenti on have

mor e adhesi @Rsel @ﬁapé}atqré%ﬁome%hb%&%o andh fm aQ%{?hoEﬁmEE.ﬁHgd ?smvrﬁen conpar ed
to conventional cre sives, especially those used ont rough air

dryers. The“‘?‘bﬁ’?eﬁ’ewﬁ(ei'r‘?égf:ipe’gsoé'lug‘@yd'fl‘?“%f‘lﬂt@ﬂa% chagged f9|theokessekat 20 uni que way,

making an eomide@NThéed, e70D 15:0F BRT 446 Q0,060 B8 o flvatda imBHERusiPRiafllr € contents.
in contrast to ~conventional

The ionene adhesi ves are.al rewett abl
resin adhesl’ gées‘f’petcﬁ Pk id %fﬁc?ﬁ&/wuﬁeﬁ'&qa 8%?6‘“5‘“‘511’3’?9“ AdbiAf 58 NaBHoanmoni um
phosphat e (ikPRyged  thivesssehalie Sisinenutt. MEheA,dIpes biwat f0radditigial maofrnpmum zes

corrosi on tﬁ}%hargédthe%ﬂﬁ dZ\Et tlﬁgvf%%lsj fgadbyll‘eg e ?r E?ﬂ; Qf{] réﬁgst he

i onene polyner erlnents e the sup erl over
convent i onaif- ?Pﬂh lgs ofishlfiwrigghid 4H2SOd) iy edded pickdD rﬂgfnauthemdv.blst;onpautdr icularly

over curr e%dﬁ&hﬁ)ﬁb%@t% abiige olsOfd Wigh efsrqumzm%oh%oé’fo ABb¥bpY! @l conol,

sor bi t ol ocglasucrose rel ease a surfactants or oIl - ed

surfactant FYHoRIAET o‘jr%)" ﬂti’é‘é@;l"%“ﬁ’r if apcdpl, fRyachisvaa tevgt w@hraazeroféwer syst em

The adhesi \&SutBS(ed)oaﬁg;ﬁfoiﬁ lﬂg"ertaﬂyﬁbﬁ aB6uR SeHEboui ¥/ ek kQRtRF RPbHGeS UPer i or
creping, and i.Qnenes s P%gil‘ﬁﬁlﬁg‘b%ﬁﬁpﬁll r of DMA, EPI and EDA descri bed

above fractri Bt 3"5735’“ craiamt odi ng t he sheet and
i ncreasi ng cr epAngxaypddry teypolyfleewhisldtuad viede adcsraing tosttilemstpesi or  adhesi on

at hi gh moighhkG WU ENkber A1 hLpene such as
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 adhes_ive coverage rates and weights r:an 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




the described terpolyner are nore adhesive at higher sheet nvoisture
contents as shown in the graph of Figure 3. 18 Novenber 2005 WO 02/099192
PCTI US02117431 15 The adhesi ves used according to the W%@@h?r% fention

al so provgg,pppanced runnability. Creping-with the ig 5§S| ves
enhance operational runnabifity becguse ionenes retai n t |r adhesi on over
w de noi sture and tenperature ranges. Mdisture variability, which can be
common acr ogepligd Bitketotating drpar eo thategdaguate @hamyef alkrsive isepraygon &k ect i veness
when ionene adhesiyes are used according to the present invention, thus
resulting in“a nore uniformand higher quality tissue/towel pr oduct

Bl endi ng t he i orfétherdeackings operepivg syylemsa msiady, a@fl@h«rssm gredesprtbedlintbel in little

or no-scul ct&magm%mﬂs %@&?wﬁﬂﬁ&ﬁe%&ﬁ&atemr&ﬁ umw&r@i'raaw@ ARELQ: Dlade life

and bl ade hesi ves used accordi n resent I nventi on al so

provi de supéﬁf“bg‘”‘ﬁi‘ﬁ?f‘r@é*"@‘lﬁ‘é’rsPFsé‘s78§bﬁ@n48 §8Q5tQ:?6 W@d?d%ﬁ?@“"adhem ves.

Varyi ng thespagsqa; 5),@7017@%;31&159190 9@58#@3@%6@%37%6@%6,9@0%@! to
operties _such | m t oughness

pol yvi nyl al o] f fi

SEORPA AR5 S A T TN AR P T B AR
usi ng the psaseTHs; sRIAE6RLSS, saaamsadtwssmessm‘,zstme,ﬁwziss;amzﬁ 7Aeviesstisen, and
usi ng througg3./ajlé' dryers, results in superior creped tissue and towel
products whén Cor?par ed to products made by systens and net hods that use
conventi onal adedsingg®w td the dechlings, Fig $ istesil dhod ohalingp tededdisteprtls ent

invention atg 81,50 L QUL ARG A5 b ASDER 1 Srlllo Ll a%SLE Plfer e COMPI et

rewettability of these esi’ves mnimzes ‘iIrreversi illing,
m ni m zes d&yyakle for pesragfaciabliissuen pdetiisiersnatary napkin prappers. |an'éthaht§|e Sedhf orts. In

addi tion, t{e.sinaneimideesis %ﬁh%ﬁﬁy%&@faﬂ%@& flofh JbQ@c 7|% @l?o‘ﬁi‘&(} ﬂoﬂ?{ﬁ ntion can
be used on enhanced through-air dryer sys on_Yankee dryer systens,

and with \/\/et’er3t9p‘éfﬂ“f‘lr§fWéF&foméom@ﬁ%é%f@ﬁﬁa‘ﬁ’é% It specific epplicrforser f or mance
in any types@ma&mﬁﬁmy mdaﬁb@wﬁt&m ngagm@e&ebmombmrr}@h&.hrmeabnﬁl r dryer
processes, nkge dr ﬂp g a& C f‘%}fbﬁu ssue pachi ne processes.
Fur t her mor &' 9875 e&tﬁ@ BY r"é\‘fr Hi"ge° ?ﬁ%’é’t © & ROWEAE s, where
prior syst esfthaiengethaeds t]ﬁ@.lﬁ]‘ime(vhickrea wavensibniab mgiiner ai:ﬂshmalnﬂmbb soft resins
have fai l edhav %fBEr c%%ﬂI sttenc? Q@)@gfm@ﬂ ?{Eh\/@oﬁit 56% to t hlltlts609 P4 dH‘CC &Q?o al one ‘or in

conbi nati on W th exi st rng excel |l ent
adhesi on atthrqtiglgﬂla'mgmwtlwghembenﬁsmetlmbﬂzﬁsatamr@amres descri bed and

resul ts shoyfiendy BPahisBONRMalR Lt Alaldh Elnder ad il cat e the

superl orlty of an’i onene adhesive formul ati on used accor &,to t he present
i nvent i on oVRiFh cares eaeP it fig Frepig diyervikch a rraRpteafabgp canT s sl b of the 18

Novenber 20&Haracterized by about 78 meshes per inch in the machine direction, 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 ﬁip bg’;ﬁecn 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




WO 02/ 099192 PCT/ US02/17431 16 conparative tests are shown in Table |
bel ow and in the graphs of Figs. 3 and 4. In the Exa 'ia arrple I
f or mul ati on included a terpol ymer ionene adhesive desi ?V&T i

wat er - R}g‘%]wl nyl al cohol fornul ati on designated 2076 _avai | abl e from
Buckman Laborat ofi es I nternational, Inc., and Busperse P098%/L3%i | - based
rel ease agent also available from éuckman Laboratories International, Inc.
The Conpar atrivebngxchriphathe dryéras imdicatd 00. TeRt@bO®ch p@;hﬁ;\{dmhﬂie@@apl (PVA), )

Sor bi t ol | ky phenol 00% Th

corbt ol Thld AR aL Y RESIALES B e Sl ARR A LOYS) T
debuni zer on t h&otadiigteghe alanmlﬁdrymbi(at,d‘mﬁxanple,c&‘O"/a‘ﬂiMbé}stteﬁCy)SOI o, a

moi st ur e OUE &@Qh@’a eptgtﬁe%{ﬁficggﬁhgﬂi% Js% %'rlqlo?'n&mswel agﬁ chkt;d was a Yan.k.ee

dryer whi ch h cuumro pressur fe of 80 psi,
a running #pdeschhestl of thonip PEOEert the @Eﬁ@ﬁ)ll“t dngli Yankeeds. ks spray mapbd applied r om 3% t 0

3.5% at enBQﬁﬁPaUélﬁg %b2H#&ti?iﬁﬂ%&gra&ggmﬁﬁggﬁa}%ﬁ ﬁéngg?#_\l@é L& hmg@) sheet was

materrperature range of from K was made
down to a sPiffugef %SIB‘Fﬂ"étW thefwel pest e limittlos pepstrafien efadhesing thvaughftheiwelttoa f eed
rate of abogt 3460 fa[I(,L,ém n. The Sorbitol was nade down to a solids content
of about 5.0% ght and was fed at a feed rate of about 1400 nL/m n.
The Triton X- 10% W?Yﬁﬁﬂ%feﬁwq‘le@sé“%&“?‘ﬂ% hasmiclit coptenegfdiom abowos by wei ght

and was f edo.se bawkiggdo ﬁsﬁi&h@iab@ﬁt@ﬂ% Rk bithéte, pexBilaBly o WM& 104¥8 t Ot al
in the adhesjve formu tlons first, for each

~amount s of o]

t est nunber%olt't%gﬁ' sgﬁio OrtsPl'@ylg%lalr%e RePTCORIGRts RLEIM abarh B o 3bauk he

adj acent colshmswdight iseactprefespledthdugl afyauitablbhelideautehtcaatbevwsddhasr for a

t hrough-air a.t e- compone of conponent
"M. the corrorgonagir;ﬁ @%‘f@ﬁe@ve S p‘ﬁgrygr Sr‘i‘%% D“"ﬁ%@%’ BF g\@%&%‘) E&‘E?Efeptént crepi ng
adhesi on. The tgsmpleyat sugh aaﬁm}fabomfdhﬁah}rmght'thoutJ?OE’OBﬁwexghtsfmﬁvm to be 3:1 on
a sol i ds_bagiufpie 3k HBR 30118k h 60K B vl ratio was shown as

providing a fi nor e en t nount of "M is increased,
and a fil m t hat Thelonsss adbesives ased aererdingde e PEFTSGHZWG“':W@ hayromengséision 8 Novenber

2005 WO 02/ HRGAD doktliret ke ﬁlé‘weil-Mn S5t VREEL b élsd to conventional crepin
53, 1419, , 0. Qggﬁ 00100. 7 OOS‘%;(V(TTT%Ot P, PVA700. 101T 20201 pyAs pry4gl'01on,
S

2096] 099s nFROVEHIHIA hrepetntbdroers: 5'5‘“0‘0#% AR SRS . Ono
bpeelxN10y pietubBthd hiddalia 4 ndiirAGHANG): MRk ept dtr@tkrE évih 593%11 FllnmsnPl t 0-0

00. 90.10 fsﬁee?&lQ&tuMQr%&n%é pr‘hZ 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 ca_used '
by chlorides in or from the ionene polymer,

Experiments demonstrate the superiority of ionenes over conventionai 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 inver_ltioﬁ'provide superior creping,
and ionenes such as the terpolymer of DMA, EPI and EDA described above fracture
njcf:ly 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.
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T 7 vihilé maintaining doctor blade life and blade amps.

The adhesives used according to the present invention also provide superior film
properties when compared to conventional adhesives. Varying the ratio of ionenes, such
as the DMA:EPLEDA terpolymer, to polyvinylalcohols allows control of film properties
such as film toughness and shatter as shown in the graph of Figure 4.

Creped products produced using the present methods and adhesives of the present
invention, and using through-air dryers, results in superior creped tissue and towel
products when compared to products made by systems and methods that use conventional
adhesives.

The adhesives used according to the present invention are also rewettable as
ionenes do not crosslink. The complete rewettability of these adhesives minimizes
irreversible felt filling, minimizes deposit formation, and minimizes clean-up time and
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

- oreping 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
combinatjon 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 ak:cording to the

present invention over a conventional adhesive formulation. The results of the
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Tre 2040 aA?Exan@ples ) the Evanple I formubtion included a terpolymer ionene adhesive designated
' -“M, a water-based polyvinylalcohol formulation designated 2076 available from
Buckman Laboratories International, Inc., and Busperse 2098, an oil—baséd release agent
also available from Buckman Laboratories International, Inc. The Comparative Example
I formulation contained polyvinylalcohol (PVA), Sorbitol, and Triton X-100 (an
| aﬂcylphenolethoxylafe, 100% active). The machines used included a through-air dryer

having felt on the cob side, a debunizer on the table, a moisture in content of from 40 to
50%, a moisture out content of 10%, and a 16 foot diameter. Also used was a Yankee
dryer which had a vacuum roll, no debunizer, pressure on. hozzle of 80 psi, a running
speed of from 2000 to 3500 ft/min., a moisture off of from 3% to 3.5%, atemperature at
the blade of from 280°F to 350°F while the sheet was in a temperature range of from
about 200°F to about 250°F. The PV A was made down to a solids content of about 3.5%
by weight and was fed at a feed rate of about 3400 mL/min, The Sorbitol was made
down to a solids content of about 5.0% by weight and was fed at a feed rate of about 1400
mL/mm. The Triton X-100 was made down to a solids content of about 1.5% by weight
and was fed.at a feed rate of about 400 mlL/min.

Table I shows the total amounts of each component in the adhesive formulations
first, for each test number, then shows the solids weight for each component in the
adjacent colurnns 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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apparent to those skilled in the art that various nmodi fi cati ons and )

- variations CHAWSHIGMED Idie enbodi nents of the present invention wthout
"~ departing fromthe spirit or scope of the present invention. Thus, it is
intended that the present invention cover other nodifications and
variations of this i W;ﬁmesﬂnrmarmmcﬁnﬁgecrsmmemeb tdagprapeended cl ai ns and

t heir equival ents 1S.. 1918 Novenber 2005
PCT/ usog/ 17 431 R‘“‘”}l’“%? &i‘@% °ﬁ8§”ﬁ?£#§?’é’b‘f‘tﬁ‘f‘loﬁah/§‘?éﬁyéﬂ’é’8’ forlpsr saifle,

conpri sing: adpsyyfintemy fre cotaisinggn mynénerpdlynmaidhés‘xyeer i ncludi ng an adhesi ve
dryer surface, s V. ce. GO ri sing an ionene pol yner
adhesi ve; conve‘ja/dl ﬂd/ﬁgqﬁh \Febqg% Fo %Sé‘ie adﬁuégB Ve dryer surface; drying the
fiber web on sai %viagihe fbsrevell oy eqid sihefiwaleyer eurfaoe fn farnds didall fiveedb; m@b; and

- creping the driedefid B8 arlth Bod i@ ﬂx‘s%d%ﬁ't@@ﬁ%ﬁ@exdsﬁﬁgﬁ surface. 2. The

- process of claim1, wherein saidionene polyner 85i ve conprises a
crosslinked pol yérer &he ppcess oglammd rrherein saig ioepe Ryl kraadbssianempisesani ne t hat
di ffers fromosSimked palyleyl ch ARylardine, BHR10BFRGABMe Mnd Gh ﬁ’nﬂile at (gbf said

i onene pol yner I?qhem ve conprises a terpolyner of dinet am ne,

epi chl or ohy §7'f AXY'YABE- et hyl enedi ani ne. 4. The process of cI aim 3, wherein

sai d adhesi ve f 3.t heThepogessd cFekim NRVHRARARIAI lbﬂ&@b&ﬁﬁmtdﬁeswé conf#esly OCess of

claim4, wh oanoni.u ate esent in an anount of up
to about 10 /er%oyy%f’ttgcﬁ‘f]%g% e (5’31"1{‘]1?1'5[]’5%& féﬁ‘%anﬂ?e sai d adhesive. 6. The
.method of clai m4, whereersssdickinmnbrdarbnzidmipinepiitbecdnprigsesent in an

amount of a%%mjm/&lmﬁ WE 9{1@ based on the solids weight of said ionene
pol ymer. € process Pofcl ai m 1, wherein said adhesive conprises at
| east about 30% by W@}g@ﬂesssﬁpldlmfbw@n@meidympammmm ohaplotet is fR&mby wei ght

sai d | onene iD@lafBBit of ilto abaR % BPAEnt B BY b ER v 5F sia3BiLsiyl 1O about
70% by wei ght vvaﬁt er.

‘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 pelymer, 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 Ieast 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, wheréin said polyalkylamine comprises
dimethylamine.
11 The process of claim 1, wherein said haloepoxyalkane comprises

epichlorohydrin.



“and at | east abo

8. The process of claim7, wherein said adhesive conprises at |east about

40% by wei ght said i onene polyner, up to about 50% by wejght sai d-ionene

pol ymer, at |east about 50% by weight water, and up t6 HBGtRbestr wat er . 9.

~The pr ocass oHdsopkai m 1, wherein said polynmer conprises l{ls%?ﬁ% ]about 20%

by weight and up to about 40% by webght pol yal kyl am ne uni ' east

about 55% by vvelgéght and up to about 75% by wei ght hal oepoxyal kane units,
194e Biposae plgiaim dnwhamin s2id allsderepdfositpycompiight :

al kyl enepol ygiyien@iidaithd s 10. The. process of claim1l1, wherein said

pol yal kyl am ne conpri di et hyl am ne. 11. The process of claim1,

wher ei n” sai d hai bepox %1?‘198‘“1‘1%0 rlr fugker insfydiolt or ohydrin. 18 Novenber 2005

WD 02/ 099192 PCTdrSAS@%&ﬂ%SJVeb%Qﬂb%rcoﬁh&erﬁ&@?ﬁ?e%s&fnonﬁll@ﬁ%d]u F' n said.
al kyl enepol ¥ et hyl enedi am ne e proc gss o clai m 1,

ri ses

further incl ﬁwbﬁé"‘ac&? ?"r‘lﬁs;’é‘éﬁ?rf"i"‘%’rsa\ﬂéﬁheﬁ'@eé@ﬁr%Efﬁcﬁconm stency of at | east
about 10% and upi4 o a‘b@pkbces%%ahﬁfloﬂ’uﬁh&ﬁﬁﬂlﬂi}i%ng said fiber web to said
adhesi ve dryer surfac fb ’ﬂ%rocess of claim1, further including:
drying said fi berry'\%ﬁ“c{ 665‘”?[?"8@ ErieRTILEheRat lpstapout 4056 by weightandi09s by

wei ght and upp aboutaffis by woldbb teforaveingbilingeit iber vty Siid Alleski deef | DEr web to
sai d adhesi ygsdryer surface. 15_ The process of claim1, wherein said
drying to forma dried fiber web conprises drying the fiber web to a fiber
consi stency of a- Ieﬁlsﬁtpr@asmﬂfc@&%,bwemsgidtdrynmgﬂodﬂirniaxlriéﬂﬁmrmbt he dried
fiber web f [ sso claim1,
wher ei n sai g&?orﬁh%eﬁlﬁﬁn@%eyreﬂeg%gaeﬂébae?é&g}%‘%&%y ﬁllaq l?%tﬁlg?"evxg‘%% tfabrl cto
said rotati Pf@oré%fFth%@Fed@bVéﬂfebﬁﬂﬂf wuladbasite dryansifiacer i ng t he f| ber web

~ fromthe fabric 1o tmﬁécx@roféwni RGfherch & a:dIQ[?ve%g&‘&x?)ilsQ Of%@hglhm wher ei n

the fabric ﬁglch carrjes th to th rotatin 8ryer surface
is a transf fon fh{ﬁ{” 85y mFaé'&glcli"“H‘éW frgerientieriredirangfoirion thedipract a ni nor

per cent age peirfmxmrhe@fbnétwhsdwéraa@aoef the web on the creping dryer and the

adhesi ve retai ns,t herhe n.the dryer surface until the fiber

consi stency of ‘the wel?mcesso CI?‘%EG?WB%%F’GQC JiC Which ceies e Welblodheof ¢l aim 17,
wher ei n t herotatipg edindrisal drzp surfiokis adichsds aﬁxbmmiion ﬁbﬂuﬂavﬂa@%l&fde& he surface

area of t h%mpcoq{ﬁaéalxrﬁncqr %r@én%\a%gp&%gnoft surface 05 S\E%brg#& % cEe UCt made from

the process of clalm ed 1D ’Eyﬁre process
of ¢l ai m 3.and the adhesive retams 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.






