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It is known in the art to forma thin paper web froma slurry of water and
fiber, dewater the wet web, and then at |east partial Ilé/Ng‘r{%?tlg@oglewatered
web. The web is then conveyed or carried on a fabric to & 1ar

- steam he Lobary drumterned in the art a Yankee dr The_ web
commonl y%‘ﬁgg{@)?he dryer at a circynferential dryer po%((?{/fl%'ﬁﬁ%\?\hi chis a
maj or portion around the dryer fromthe zone of web de-contact fromthe
drum The de-contact zoROLEMERIC OREPINGtADHESIES AYDbl ade agai nst whi ch

“the web abuts so as to be,.p| . jtself and attain the
wel | - known tissue crepe pa%%gﬁié&?ﬁ@ﬁﬁéféﬁé%&mng action requires that
the web be well adhered to the dryer to effect a consistent and uniform

. Creping acti (ﬁE@U’ﬁBr APRNGE revent flaring of the web fromthe
dryer befor eg(lgzyrK at t ec_)eli?‘t_ zoneNﬁﬁOﬁhe vicinity of the creping blade. In
sone - i nst ances khaerepebinventipr wkien tositie menufisurd pf@epeqipen incliting et abl e

- i sture copdse@int AL pdper wdb¥ Qt{dq:ﬁ}tﬂcylaﬁ?tohhﬁllﬂo@esofﬁg?ﬂg POUR wad GRS
accordingly have fiber consistencies at_the poin ‘]p_c_on‘f’act W th the
dryer of  ab#lsuaEoofineshand pdhesivesharagigrittisnin thejeplewbilatainingzing efswtionabndi t i on of
t he web sur figeitiand t he Yankee dryer surface, may tend to cause the web to
adhere strongly to the ,dryerﬁzbgrou hout the drying action of the rotating
drum Under sudHskeqvmdp fispd g 2 ager; web feqinp slyrnef wakgand @sent for the
use of a sufgwaenmeiat wehaatiahdn\ueleastpatidlly PR Joeaasd RAS ThhReREmREI On to the
~dryer is so_tight that .a release agent s applied between the dryer and
e vieb t o KPP otelied P FLPS S uEE M- A3Be Shomtmcion Bpata | o

commonl y r eYakeedtydroTtesvebhoomgliiy itars thg drieomtaatbumtrenti eéryegiasivibd h t he dryer
surface is i-mi ] -drvi.n eratjon,, the b formed fromthe
slurry of mg%lﬂ&E%éJO{ P%@?" %}éﬁgg{v%a e%fa‘%v‘b.’? {):ﬁocr)’uto %g%gdr?ﬁpfltg%{ Owﬁ%r essing the
wet  web. Tdh@- The decloniagiedneyeauipged witlya ersping hladepgainfiothichithe vdbabits The
resul ting Wehs Ae@ultie BackRh@SS5sh itsOi bitEart K Gl VS s uckl ed
fabric so that tﬁ?uweb %cdhergsstolst he dryer 1%?1 coosnet ?/Jeg%gg%%gzones, W th
bul ki ng of {'He&UReb bet ween the zones. Fabrics havi ng as fine a count as
4,900 openings [Ré crsflbidiction RGlirea el tIDAVELIRMI SRENE ol thEIRY PRS2 The 18
Novenber 20%55.¥® 02({]09f9192 PCTI USOZ/#%431 fiber consistency of such webs
~when pr esented T AHERT SR B 219 SHPEBBITR oasvsitslarag,dthe %% f i ber .

H gher fi befroncthadivst imfioy onvaeths exicroro il the vienkty oRthadedaidsicyva sbge adequat el y
secure the . e | etion. of both the dryj action and
crepi ng actl}‘\%%f: s h%/“g% lgg’%ge%%eé g)dtpleeés)r?%eaga Rave erﬁlé]gﬂmés%? %‘39%8&‘%% retaining a
web on a drtyrieally @y higlees aboutig8¥%eSuch wibihecqrdinglyitayd fitmcenaitterces mythene copol ymer
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- 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.rcferred 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




nunber of undesirable effects. Polyvinyl alcohol adhesives pose simlar
problenms. Wth nore specific reference to the polyviny cet at es et hyl ene
copol ynmers, these copolyners tend to be retained on t#ugeﬁg"rreén%gﬁmgéper web
on the side that engages the dryer. Wen a resulting creped web is rolled
or rolledg8dpbigd W th another web to form a sheet, t{@nﬁ#}”ﬁﬁ%ﬁ or
surfaces carrying the residual adhesive tends to adhere to € adj acent
rol |l ed opposite surface causing blocking in the roll. Such bl ocking has
addi tional  d®ersopnntnay ofspeherebs when dresgited indlieghyer triag beifemwber 80%fo any ni nor
edge defect Qo 08 ibhOlnEher BBGILbRSistdaly @éb@@irﬁm%fﬂy%e%ﬁ@%?ﬁta% 108 p! ocked pli es
can result in tear-outs fromthe web,” conplete’we reaE(age, and even ply
reversal, thddequatelysecuredicru®iniba dryerf opcopipletionofinth thelirsingnttion badbt . -
Addi ti onal | y,crdplngh@mubeen found that the fabric carrying the web to the
dryer may becone, contam nated with the copolyner that is difficult to
renmove w th conveht'Pahat adhesivesbnyipeaninnioyed fqyapteiniag p arb gn ddmensorfadse

vat er - r esi St amee ifudé fay adP Mdes RIS Aent BopoRiHef @RkIsibR ahfSqubQls¥iy Pl

-acet at e- et hyl ene, copol r oLyvinyl alcohols having a significant degreé
of hydrol ysi s?ﬁ’rfql?é’r%&“?ﬁt?"%g%ﬂia‘feg‘? %"ﬁ%‘i ‘ﬂ%lpelyﬁﬁﬁ agplalgrefhlape qogolg@etunaf f ect ed by

nmost or gani ¢ csoposgintsghat Tae cqnodinysniatypbrealtgeh e iyl ingi SdbhoRMcHR Msaingn Some

pol yvinyl a o2 -L,he dryer. with d and uneven filmthat
bui | ds up as %@%@?%Lf%ﬁ%ﬁl %o;ﬁg%@ﬁ\%m%hrt,g&e eée,ral}yeaéi ﬁ‘i“ia?‘*rf&ﬁf‘%l"iﬁﬂ"éegﬁ @repi ng.
Addi tional | y,ﬂumgﬂ”ﬂ spaatilhetehtarReivinlyhalecho! adhesivas prge kilndlateprotgernts. equent |y used
agai nst the dryeryws | meal. These and ot her

W Hﬂtﬁ:@@ﬁqaﬁﬂlﬂ%@;ﬂlzgﬁtﬁtggolﬁég)&gg ga,te aflf?/dene (ﬁ:ﬂ%o§¥rqlcéss, hese;

probl-ens of the aforenentione adhes are

overcone by FHEVEREAE kdrawpdesihe asped pinst Welneh thetifrolist eofagedtbe pr esent

i nvention. SuNMARMeRE rekhEnd HMENTLON L8 oﬁ%ﬂ&?&nd%ﬁie& Vi B{bﬁéﬁ%b b BENL 1 on
provi des a proces manuf acturing a creped I ber web, conprising: 18

fo
Noverber 20085%% §f W{a‘éﬁ R guricessrmyigige eyidpH gihicsixs tepdsypdiiersde thei ng an

~ adhesi ve dryetjacsuiréle epposiai sdrfacadhrmb ¥R clh/if thedn fRABIELISUMY Ha$hd¥ilioRky | onene

rying the 1 rier SRR By dEh R by B L Es o e ok co 11 ber
web; and crepimgntchert trstedid hbbinckabhlic omesdi idteadhesioe tdrysr surface
Anot her aspegdn e ‘j;,g@)qmr,}g&g’g%? dagg@; 1001 RLPN] tnﬁﬁtg&nﬁz@%ﬁ@fﬁaﬁpl{ gﬁber pr oduct

made fromthe process as I ne ove! An e I en &%pr esent
i nvention retdacedshest a met hod for manufacturing a creped fiber web wherein

the nmethod i ncl udeitpkDY, ithad Oeed f50 Bl BOLENE LG walltY 8l aSKE fLacE,
applying an : g’e%onl}!co c}/o%tgr?uengteg %%E th\m/e\lgopoo%{moe? ?h%tg ig diEi)'fci:c;[lllt toS (i?n/o%fz \iéﬁ convzfionj}?
| cleaning actions, particularly due to the water-resistance of the copolymers.
In contrast to the polyvinyl acetate-cthylene copolymer, polyviﬁyl 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:




3 ionene adhesive to the rotating cylindrical dryer surface to form an
adhesi ve dryer surface, conveying a fiber web to the ?ggesi ye er
surface, drying the fiber web on the adhesive dryer sufface ¥o“torm a
dried fiber web, and creping the dried fiber web fromthe adhesive dryer
surface. The ionene polyner can be a crosslinked polyner of an al kyl am ne,
a hal oepoxyal kane, and an am ne thatadiffers fromthe al kyl am ne, such as a
t erpol yner of di met hyl am ne, epichlorohydrin, and ethyl enedi am ne. The

i onene adhesive may further include nonoanmoni um phosphate and is
preferably Water-soluble and cationic. Al patents and publications

ment i onedyRGERE B rdiR e LNEAL; eiLn _kn.their ntireties by reference.
It isto b ungerstO(g) tﬁgﬁ?g‘%ﬁqglﬁggf(%Q%‘ighg?l‘r’fg‘%ﬁgﬁg f-5 gscri ption and the
f ol | owi ng™ "R CEYTRECEMPHTRGH iaRene polampt adhssiend expl anatory only and are
only i nt epdedinge fiperowbdesaidadhtdiicByera@acanat i on of the present invention,
as claimeg., T anvi ng drawi ngs,. which are incorporated in and

const i tutégylg° ggrﬁ t@é% g%gtelﬁlsés{é %%5?'Y°cagf?rgﬁffaﬁelt‘? k?§‘f‘ Aatigd g arliand exenpl ary

“enbodi merfrepingfthe dried fhae swhfromredntihaiveatngt: hwied.her with description, serve
to explain the principles of the present invention. BRLEF DESCRI PTI ON OF
THE DRAW NGS The present invention nay be nore fully understood with
reference to the acconpanying figures. The figures are intended to
iIlustrate exdmsitheryspmebeithapnisentdfivertion eI clepdEmbd: Yoot QUL 1 miting
t he scopdrogt thetpeodess/enddfinad abévg. | is a flow chart 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 formul ation according to the present invention, Fig. 3 is
a graph show AgehibdiAdht 8ANE SIS i 3 j cordi.ng to the present

i nventi og egEx‘%rrBI e l) ret ai.l%'se hi%ﬂ%%%?}ajéegi?%%glgt?‘o%{l%éﬂ’g?“lﬂffg’r"é’gﬁrcéep%nt ents
when conpar&y¥ f('felﬁFpeé&‘?ﬂg’fiiIW%%WV@ﬁtnig@mahtmd:hEﬁﬂwﬂ dfyer svfaed, byplying an
(Conparative Exanple 1); and Fig. 4 is a graph showi ng how an adhesi ve
formul ati on of the present invention (Exanple 1) had higher shatter and
remai ned tougher |onger when conpared to an existing conventional adhesive
(Compar ative Exanple 1) that provided a soft filmonly at noisture
.contents above 4% 18 Novenber 2005 WD 02/ 099192 PCT/ US02/ 17431 4 DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON '




. According to the present invention, a nethod of manufacturing crepe paper,
i ncluding soft, absorbent tissue paper webs, and parti arly t nodes of

creping of such webs to attain adequate softness and gigﬁggefrégrﬁﬂg

charact enj,§4i6u5040i 1 € mnim zing operational difficultj rding to

t he present }% nvlegnti on, a thin paper.web is forned fronﬁl@gﬁ"@ﬁﬁgl of wat er

and fiber using a conventional web ?orn‘i ng techni que. The web is then

dewat er ed arieheps @hasivalylthe iowting cylliedi:t] doger surfakd tp fokimi mckdhdsne dweb i s t hen

conveyed, fQp. g)gglglg_l- [ 546 fabric 0 a.dar referably

st eam heat e§ rr%c_t’ary cilr%uarr@%r‘g\/’éebrtfaﬂ%;1a g%é%?g ertggrfﬁcéei‘ gri"lﬁlban?ﬂé%f‘g%’v%@]%e as a

Yankee dryeradherinednygsisufaontadorina dsistl §bs weheind expping thetdriad Gbereubfremént i al- dryer

. posi tion thalpdiSe & o] ; eq;gﬁ' ﬁ]] I and nore
preferably at Ile%s gﬁ%ﬁ‘{) %g%gllr] ou f?%ﬁgggraﬁsgr?g{rﬁ%ﬁé’yﬁﬁ}%?n with respect to
the zone = oflkeningaelosnonxalkans, oid aramingrthatdififraiaiethe olyantinezurteasias equi pped
W th a crepidghiyphdRimAGMMRE, epi1GHnHAL aﬂ?.@thif@l&gdﬁdm%. Fhe idhedd® PUShed
V\B -

backwar dl y ugon_ itself and attain the nown tissue crepe paper
structure. AdFp¥yaHather pelpderpenepmmenivm phesekatzangdderspfgrably waer-selde pr esent
invention i snddowk.in Figure 1. The creping action is facilitating by
ensuring that t | -.adher ed the dryer to effect _a consistent

he web is . ecl |
and uni form creﬁ?‘h@teatéf‘?d(#ﬁ‘\,ﬂ‘?ﬂﬂ“fwnw pig aripeamogiediereip pdhsitng of the web

fromthe drystircthebyarferende. at the exit zone in the vicinity of the creping

“'blade. In sone i nce h i resented tq the.dryer at a,
consi der abl e milg?&rgun%gh%ogﬁ%?g?tﬂ E'E)qu??ogﬁ&ﬁ erﬁggoc ‘Rﬁeﬁ)('gﬂ??%k?wé on the
wei ght of t Helailgd Bescripgirsarh exemplpry andiesitlama@ricanty st @iy fntandedabpotidd 0% by
wei ght to ab 209 [ il . bout 40% by
g}dsth%g%%a[@ayrmvmhg ﬁ%sere et 85 AR a@éoh%sragf,ﬁga@wm

wei ght to abol wei g can processed accC 0 the nethods
of the pres®Hhichprinserpreed ingud epngiiihis a perbefithis Appligatigndillstisteseveral | ber cont ent s

maki ng up t benpRe dibehAbud\Giterehiafveldta N R el SyifiRie St fi6h, GARLENT |
dependi ng upon.the conditjon of the web surface and the Yankee dryer

surface, RN PrgPEseidee RSB adhere strongly to the dryer
t hroughout the drying action of the rotating drum Under such

ci rcunst anc @Rlll,' r irenent for the use of a

suppl enment aﬁﬁgé}m%ve, S‘“éﬁ‘ﬁlb?‘ln&‘é’&@%‘g’@‘i@ ons the adhesion to the dryer is
so tight that a Thepkwmsidevcaipnbaydeaivrafligiutdecmod with referebdras thei | s,
surfactants &9%% AIPHQ Fiu L L.l LLI f.or creping
adhesi ves of ot er_nga _esi_vesl,g_uqa%rggﬁ&}éﬁéeartbg@%aﬁ%%‘%glhfabg%%gwepﬁg dryer and
the web, or the pigrentdnvgpiinavithayitiismiting thdscepeeoffgimentier: to linit the extent of

adhesi on. In song. MAeRwRharPMesakih L pr6@ERBNink & R prethnt QvdiBEEI N @S
- through-air dryin tact. of the web with the dryer surface is limted.

g,. caontact, . ) ]
In a through-dr ﬁgn"ﬁfsaﬁ%}e’&f‘fi“dH“l@“Mé FRESBing S5t g copPoesd o2 5 PCT/ US02/ 17
431 accor di cugnbiratidniveithah @memtpolyMe BkpidNadhbdie famkulfion sdrdingagwlehe slurry of
water and fiber .is .
_ préseént 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%,




dewat ered without significantly pressing the wet web. This is followed by a
drying action that includes a hot air blast. The resuLgti n‘% \Q/ebs are then
pressed to the Yankee dryer using a knuckled fabric st ¥aARPeHE0Neb
adheres to the dryer in closely spaced zones, with bul king of the web

bet ween tMRYYBHEY. Fabrics having as fine a count as 4PE0@SepeMsngs per
“square inch and above may serve the! purpose. The fiber consistency of such

webs when DEFIENES HEse 10% by wei ght to about
RUFEON P THEDRIATNT PEVERRHSN

90% by wei ght fjber., The adhesi ve: according to the present invention
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adhesi ve befBRGSFE &F Wkt Fuddfp P aeyegionaloneidoinies edmigue-cBhaweb ifer ei n as
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pol yners d | | . Encycl opedi a of Pql r Sci ence and Engi neering,

Vol ume 11, 5@%@{1}%*’%@%% @%V !E%aéorﬁes,re%?glé§Ieﬁ@&eég%f°t%ferW 4%t ncor por at ed
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used to pr dringef thetyeeb figmdkeadnyer beforg ot atdim. exitanarie tpoliguinr disryephg cl assi fi ed

accordi ng tyhdk M8 sduRNQBhED the Wb s présgm&’i%o 'tl,{[}hcﬁ;;'e? 2ROl B an S dhgPeat i ng uni t
e e

[,
iderable moistur
results fromthe reactants used to nma I onene polynmer. Preferred

i onene f or (FATENS Of tpdp ahout Py aveirbs baspdyadhs weightSf theatebn tWdiphaving, 866, 016,
- which is i netmpeioatedd oh@ineibdud 10% BySwdidh b Bodt J0% BRI EHR NG mof Fi T st

e B S )l T A e 7 1T
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 circﬁmstances, 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




XANBNaR 12 R1 Inthis formula, R, R2, R3, and R4 can be identical

~or different, and are selected fromH Cl -C20 al kyl t|on I

substituted with at |east one hydroxyl group, and be‘nzg‘?0 g f’rc%ﬁg?ly

substitu "% t he benzene noiety with at | east one Cl -Cxo alk group.

| Preferabl% R0, R3 and R4 are all nethyl or ethyl. PﬁTéUSﬁF’bH‘"A" is a
di val ent radical sel ected fromd -To al kylene, C -CIO allenylene,

- Cl0al kyny!| gn@dinflrthd Sredaiidh@udienl ﬁHW&m&thHeis&r@rofﬁ/&%ﬁﬂﬁ&ﬁbé&s di - Cl-

CEO- al kyl enet her | ene, | ene _
-Cl O al )Iéyl e d“t‘fi}g ‘°%IIt§9‘Ieé*H’§ thelﬂI’“éI’V&I’ a“b"I‘(‘;‘i IS fﬂlieweﬁéayadafwﬁ% Cl -GCs

- al kyl elnE | C@aat-lf]ahdad K yit blag, TIBEesu!@ﬂo wwdfmwr&yécaﬂm Yhnkeygeet ric di- C2
-C5 -al kyl enet nost era A CHI 2 -, -CH2
2 G S RGIRS RS S Ml T T w2

sel ected frlmﬂnﬂﬁ of{l@lv@ba:leﬂwyszeﬁhezon@FabﬁbﬂxavaIgIaelﬁyé emntﬁz%o:b;@nallgky nyl ene, Cl
- Cl O hydr ox I kyl e I ene yl.ene Cl |.ene

~-Cl D-al kyl e%§ uxm '%ﬁam%bé egﬁeepﬁl?e?ee'rrh%ber c‘mﬁ‘sééxc %Suchalgbal kyl ene, C2

- -Cs al keny| whra praszlted%thhﬂmm%ehelf@heabeut ia?/ydyemghtmqblow:r?@%(b}z &ight al kyl ene,

or C1-C5 afkylenearyl-C, -Cs -al kylene. Mst preferably "B" is -CHz CH2

-CH2 CHI CHz -, -CH2 CH2 CH2 CH2 -, or -CH2 (CH2)4 CH2. - The counter ion,
X2', is a dival &htadbesings Bied jaepardingipthapisesphinaention simheared wilghroggh-3  fracti on

of a pol YV it ing ek € find I@qﬁeiﬂoeg Uk Ytaakel%h%ng%teh@an&a&mdaelaﬁdchar ge in

"the repeating unit which forns the ionene pol yrmer backbone.” Preferably,
X2" is two W%Wﬁ\?%?P“éﬁ?Chéﬂ?F’éﬁﬁe"ége‘I"é&egﬂ ¥rom a halide anion and a trihalide

ani on and nore Apdsoed@gtalﬁlemreserhh@emm tﬂé’ lobér@rﬁb%erslcﬁaamermﬂuuﬂma@ havi ng
trihalide counter ions 778,476, the

di scl osur e G RHEHTPE ﬁgvg,l}'ﬁgqlsjtlgd cﬁI-?F"él ﬂIyFﬁrsI ctogtam&gtqfl?t‘l???y by reference.
The | onene podggnsan ge palymachatibend @behiowngs palytnend qiaGrorpbigquats)yehat e pr epar ed

Pormul & R ks IR TRARRNE beolto LRLPER LD of @pbuls GRS 01 (' "¢
pol ymer s hadwiairastitviene qoppetnds.nEremrnlaty of $helnobenreree! Ui O5ss WO tiR¢ pEaLe?

PCT/ US02/ 17&13 i ed, for
exampl e in gbl-lged nl_]) %@n@%ﬁ&}@ﬁﬁ ajf o g)n;eh?d:é’ncrp&ﬁpﬁ%@;eki% %%glg § 6,(2\@‘ﬂ:7olﬂp 4. 027, 020

4, 506, 081: Jawawﬁelo%oweage%ﬁ@S&Pw%ﬁjwe%rpwtedw'ehn iy atieyddt por at ed her ei n
in their entfefegéed Bife BYlodi@l 2tOMES thid 18 BF SlIABEE lalsdkhbéwil. B¥e, 8F., 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:




i onene polymers having the repeating unit of formula | is also described in
t hese patents. Anong the ionene polyners with a repeating unit of formul a
|, a particularly preferred ionene polyner is ovember 2005

. pol yoxyet hyl ene- (di net hyl i m ni o) et hyl ene- (di net hyli m ni o) et hyl ene

di chl ori W& 02209019hi s i onene pol yner of forrmula |, R3, RPCTRB02neB1 R4 are
each nethyl, Ais -CH2 CH2 OCH2 CH2-, Bis -CH2 CH2 -, and X2° is 2 O -
and the average nol ecyl;ar weight is 1,Y€00-5,000. This ionene polynmer is
avail able fro ckman™ Laboratories, Tnc._of Mnphis, Tenn. as BUSAN(r) 77
product or WSGP(r) prqduct, which ar<1 each 6(0% aqueous di spersions of the
pol ymer. BUSAN(r) 77 and WSBCP(r,) are |biocides used primarily in aqueous
syst ens, inclddi ng netal wor Ki nngI uids, for nicroorgani smgontrol. Another
parti cul arl yreferredNtonene pbrymer Maving g Tepeating unit of formula:l

i s the ionene |pol yner ere R, R2, and R4 |lare each nethyl, Ais
-CH2CH(OH)CH2, B is 4CH2 CH2 -, and {30- is C-. This ionene polyner is
a reaction product of W,N N, N- tetr thyl -1, 2 et hanedi am ne with '
(chl oronet hyl ) - oxi rane,R%and has an average nolecul ar wei ght of

1, 000-5, 000. The polyner is available fromBuckman Laboratories, the. as
BUSAN O 79 product and WSCP(r) |1l product, which are each 60% aqueous .

sol uti ons ol thihBruda, RIER?, R asbt omcbatijgneca br iifeneandateysectedfonpH] ses t he
repeating i ol QL ; + Informula I1, the
definiti ong@ '6? 20%}1?! 0%@6{%15&1%‘{5%# Ae”égisétrrwéw ggdr?ﬂgérg'%g?%gzqabove for

formul a 1. ortiogally substifnied an tabengengmoiety Wishnat leastonh & fCoofilkd shupeal ent count er

ion, or a fraelhbigr!, BF RARAG YAl eRInyLRURLEr -1 on sufficient to balance the
cationic charge_of the repeati%? unit which forns the ionene polymer. X

may be, for exanffEOURy/ndf 2 Yealesf radicsl selpstertiram Cortw aligdene o -Gis pref er abl y
chloride f)rau&hjaaieﬂe,;-clﬂ&lkwh airbe r.c_gQgﬁo,w@kggé,égf%g&ripgﬁglgm%@@1 8 Tgeb
i onene pol yger aving the repeating unit o of mu may be prepare y
known net ho‘ggiaﬁ‘a%%e\{%%% % ?ﬁgﬁ?é‘ég'&ta“‘é Nt ﬁé'céﬁ‘“a}lk?ﬁ]é“ thif® R RZNH with a
hal oepoxi deligienh Pagereigy,CAl" Graalivatbhi O.-Cl atindsre, QOLyMEhglela i g t he repeating
unit of f , r ggg i hed, - f ex le, in U.S.  Rat,. s. 4,111,679
and 5, 051, %EH L%igngiogsl os%?ée@%%fcs\/\ﬂlﬁ%%ne%gg a“ll‘:!n%“())srt' r(%?eészf]evdahésr' hin their
entireties G Gief.ctHnCH(OHDRE: - or -CH, CH; 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




- hydr ogen or

bi ol ogi cal activity of ionene polynmers having the repeating unit of formula
It is also described in these patents. Preferred |oner11§N n}{)rrei(ﬁ)shaw ng
the repeating unit of formula Il are those where R and

nmet hyl CHOHCH2 -, and Xis . This polyrrer |ned as a
reacti on%‘;’)dr)gd"t}?gtjgof N-di met hyl ami ne.,wi th (chl or onet hyl )OXI rsg%iﬁﬁand has an
aver age nol ecul ar wei ght of 2, 000- 10 000. The polyner is available from
Bucknman Laled a@ﬂmdsefg,theirm@paraﬁomakﬁed@tﬁmarre):arﬂ;ﬂﬁE'n PSorhtent Noa 50% aqueous

di spersi-on ofgs 3. 3R ¥ 15 RpAt f d_ Qe h VI Ng t he.
repeating unft O?O’P’ ?’qqls 594%&026%5@82@ gd réag{afigﬁwyﬁs%{ ae f '

di met hyl ami w@lwamn@mormﬂbpreﬂnyld&m entm:tmbylﬁfemm;lTFQbmlagiealeawﬁty pethyl ,- Ais

- - CH2CH( OH) ChiBene mqlnc)s@ahrﬁg t@wpca-l!-mr Sni @%ﬁgnaq%a{ g @él:ﬁ‘Eé%eg&% +10, 000

aver age nol ecul ar ‘wel aval from atories, Inc.
in a 50% aqueousmew!t lpféﬁﬁe EES!W?\%WBQJSNRWIPE E@Bﬁfmbdcﬂtmﬂmuhﬂyrd type of
| onene pol yrﬁ%fer&@"ﬂﬂéde%@&n& i Bcﬂﬁa Oyengaeuagdt]m&féylﬁlﬁﬁ. hlehd-! 0 --[ RB ---1,

IIvaherem?M 192 CTUSOZ/ 1 9 CH3 Nt i
CH3 CH3 N+ (dime nlaﬁp)eihzle%e C?w memtmnqiﬁeolwwﬁ foppylg LK @%RR and.  _ CH2

) Sljzg(-po)a-lﬁl Hk,aal'r% Ggrcth me&%ﬁs-@fgﬁﬂz OCHZCH; -, B@a_%l‘z CEbiC Gall Xad‘iZ_'zZCL a[\rlﬁgle'z ( C'("&?_\y" )
“NH (O - NH]("Wra ““‘i‘eF“'?{r""etgﬁi ?&:&Eﬁpf %O‘NEE‘F‘{ %L“ed%?‘“%g?&?b‘&ﬁi?m] X" 1. The
vari abl es n Badldnap Iﬂbwh&qaandkmnbmiemﬂfggﬁrmommmm@m prE&CChorF‘WSCB{E)I ndependent |y
Qads%tﬁvhlch%rze tadh 6163//0 aggef_ous H;[sg:ersmns P? theB W&a@%ﬁ@geﬁ? r on,

nonoval ent gount er 1 ons i on
sufficient NSER qmbecldeheseé atllmlﬂy @ anenug) sysiems, mdheingnmlq:)wﬁtkmg fluids, a
monoval ent  gQUALESradnRih coRDE hal f of a divalent counter ion or a
Another particularly 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:

Rl
X
T ' b4}
R? N

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.




fraction of a polyvalent counter ion sufficient to balance the cationic
charge in the group B . Preferably, R is hydrogen or Q\I e%e:aﬁdﬁéfl nis

2-6, and p is 2-6. Mst preferably, R is hydrogen or nis 3 and p
i's 2. Pr\%o'%zfu?(ij ,counter ions for X2- and X are the sane as those di scussed
above fof formil’ae | and 11. The pglymers of formula | PETEPREEE ved by

known net hods from bis- (dialkylamnoal kyl) ureas, which are also known as

urea di arni nes. Th@ﬂﬁﬂﬂepcﬂﬁﬁéfsﬂﬁhﬁc ik repbdiRg it oW koAmilh n,ma'y&;efﬂ,@gae@ﬁy their
preparati ogg. and éh‘% 3138 ical activities are SCELI in'US. Patent
No. 4. 506, 0T o B Rackir it oF R SO AR BT RER 8T n i 1 s

entiret y tiyalqemfxeia ek es epibBloNﬁytmﬁbBﬁenB POPMAL Havih OB %&tPeﬁﬁﬁJ&) 2/17-131 10

Preferred i r avi t r it of formula Il are
those wher ORI AP SHPREE PRttt s PR Sioncif i brnd Sl ing s -

Avai | abl e fdiwlwsuBissokwhich artmbmpmw:rheeﬁ; inlthedr entiAGEATy pfeRgltes Thand BL(r) 1090
product ar SLO this. ion o r, The ionene
ol ymor 16 ARt AT ohioE R0 S Ringhede s R ota T aeo |

[ 1 -(3-(di meespyibedrin thespppedpy| ) ] ur ea and epi chl orohydrin, such ionene pol yner
having an averpggsmh rabl
3, 000- 7, 00Q. Iogeng lﬁﬁ;ﬂ#%rs e\égg{agﬂ%thgie %tﬁ%qm&%fggg nlaﬂrare ose hgrfeorrml ae |,
11, and IIIRﬁﬂRéT€§6’hY¥?€’Yh|Ad§§1HZf3H@@ t#nﬂﬁrﬁiﬁlyThlseclmmdasy or ot her

_pol yf unct i @B@lnedu¥ia@StiodPhdaBer BERRMetH AWM With Eéﬂfor&ﬁ&h DbRLEE P s ymBr 5 can be
cross-linked either through the quaternary trogen ‘atomor t

anot her f urBRYeggamol5ru ye b@é&ﬂ%lqwﬁtﬁ@w%avaabkww a SI de

chai n. Cr o<abdriteries,dnd. NRIBURAOER S, prdtiu€ 8 50% adSdoRdigieRichdringki ng

co-react antsy are disclosed in U S Patent No. 3,738,945 and Rei ssue U.S.

Pat ent No_ gl 888, the disclosures of which are |ncorporat ed herein in

their entireti e'snotlyzr preferqidomes: poliner mfilr%&herepaaingﬁﬁxt &Efs@fdldm& t he

cross-|inki, ar e act di met hyl am ne

and epi chl olr;!glﬁmoﬂs%géa%ﬁg%ﬂcwpc{@?@k LN ‘évth ‘°%‘PT£H¥ 8‘ "’a‘F' armoni a,

primary ama’f‘fé@Ch gty e dd-EHOTBE Ha p@ld)?g li3/C10 | Thiis ioveese pqiyrperriﬁsza 5e00;

het er oar omag,bed aveth @ ke Sl ARELR Y 9&7@5@%@5@%@.&%& émf%%@tmc'\% 5 051, 124,
erein e

the disclosure of which i s incorporate erenc scri bes
cross- | i nkatfePoiienalpinhibe BUSANM 0P herofvsdm t he reaction of  di net hyl ani ne,
a pol yfuncti onad thadiypeof igHagk RRineh bRkgRRNA fePeatibl shit JTadfila 0. 5, 051, 124

al so describes methods of inhibiting the growth of m croorganisms using
such cross- |inked ionene polyners. O her exanples of various cross-1linked
i onene pol ymets Bnd—t Beiflzproperti esidre 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; 4,606, 773; and 4, 769, 153. The dlSC|OSUF€Sr
wherem Ris:




of these patents are incorporated herein in their entireties by reference.
- A preferred cross-linked ionene pol ymer has a repeatin it (ﬁ%égrnula I,
where R and R2 are each methyl, Ais -CH, CH(CH)CHZ emPg' The
ironene pal is cross-linked with amonia. This ionene mer has a
nnlecula”“%%‘ﬁﬂfzof appr oxi mat el y 100, 000- 500, 000, anﬁCT’SQVéﬁVable from
Buckman Laboratories, Inc. ina 5 /6aqueous di spersion sold as the BL(r)
1155 product. Buc&ﬂyn Laboratoriegl; I nc. products BUSAN(r) 1099 or
‘BUBOND(r) 65 are 5% aqueous di gpersions.of a cross-1linked i onene polyner
havi ng repeati ng Enits of formulp 11, where R and R2 are each nethyl, A
is -CH2CH(OH)CH2 X- is O x*and tne cross 18 Novenber 2005 WO 02/099192
PCT/ 11502/ 1 #4431 ankkggﬂageqﬁ w1 s_nonomet hyl am ne. This preferred i onene
pol ymer has a nol ecul ar i ght pf approximately 10, 000-100, 000. The ionene
pol yners conprisipg the.repeating units of fornulae I, if, or IIl may also
. be capped, i.e., have a specificlend group. Capping nay be achi eved by
means known in tgg art. For examgpie, an excess of either reactant used-to
make the ionene Pymer can be enpl oyed to provide a cappi ng group.
Alternatively, a calculated quantity of a nonofunctional tertiary am ne or
nmonof uncti onal substituted or unsubstituted allcyl halide can be reacted
with an ionene polyner togspbtain a capped ionene polyner. lonene polyners
can be capped at one or both ends. Capped ionene polyners and their
“m crobicidal properties are described in U S Patent Nos. 3,931, 319 and
5,093,078, the disclosures of which are incorporated herein in their

entireties chrefe%;pcer_Accord R t o an embodi ment of the present
e pol

i nvention, the adhesive can include at |east about 20% by

wei ght and up to out 40% wei ght pol yal kyl am ne units, at |east about
55% by wei ght and wp to about, 75% by wei ght hal oepoxyal kane units, and at
| east about 1 % by i ght ~and to about 10% by wei ght al kyl enepol yam ne
units. Preferably, these wei ght percentages are enployed and the

“pol yal kyl ami ne i s di net hyl am ne, the haloepoxyalkane i s epichl orohydrin,

and t he ahﬁ%hﬁmseﬂ£¥éﬁk? I8, &dpfdrepgdi QﬂhnéﬂbA§%§£Qﬁ@g kg, a preferred

enbodi ment of the}gresen invéntion, thé ionené po Is"a lightly

crossl i nkedCREOFEIE) mer -(GHRY -NE G- N GERDoVEYe ereip % i b{(&hy@ﬂﬁqm( EPl), and
et hyl enedi &EHPWREWR)JNH-(@@ Nﬂ] YHP}Y orF{"—R(ﬁﬁR@b»W I@ﬁ@H@-di—ﬁ@HPCHﬁ] DVA to EPI
of from aq?gt W%$ about Eé eferabl&afron1about 2 to about
1:2.2. The Bhs1vatiakfes n sRdp iodepsndgn a‘?r%l PR Lt [3EaptHR it fdeppidepdy £ r om about
1:20 to abdlytiro@enékﬁ)a szﬁlm gboay. af |1s/a dlﬁilaﬁbabwﬁonltv?(ﬁn&rmvﬂbﬂbﬁunﬂer 34. The
ter pol ymer 19r¥s o aun ort]a 1 age %cu 'y u?f t aln 1e a%m 99%?%; i 10 to
about 1:20, hore prererably’ Pr%%%d?ﬂ CﬁIE ﬂ E1o o)1) ahiban k) "t erpol ymer
may be nmad éhfbgwla) &t&g@@q@pmgmn@mu,wge batbgfa divalent ¢duetepiowoess, EPl i s

fraction of a polyvalent counter ion sufficient to balance the cationic charge in the group

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 Il are derived by known methods from bis-

(dialkylaminoalkyl) ureas, which are also known as urea diamines. lonene 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 eritirety

by reference.




““Next, 14,300 Ilbs o

charged to an aqueous m xture of DVMA and EDA. The reaction is very
exothermc and cooling with an external heat exchanger and jacket shoul d
be used to nmaintain the process vessel tenperature bel &V 120000 i ng i s
di scontinued near the end of stage 1 in order to allow the tenperature to
rise to IMOYHYNEDE Then, 50% sodi um hydroxi de (NaOH) PST/USHHIEd to adj ust
the pH wthin the desired range. Po‘"ymeri zation continues in stage 2a wth

si mul t aneous EPIpréfagediaicas psiiérdRsing Netr§leartiicabf of RrmiPI1Eard B¥eNAeH 1S
charged to adﬁus%_t.he@%_l n %%’Z&fe[ 2b EPL |s _char_ged in_shots. The anpunt
of EPl in eRdhreqdpming e Yrdlapnd &oiGly Avsieble fsuBuckpadn vi scosity
reaches 450LabobfidiesRac. SARTIAT prédudcind BLG 1880 Nomerhe 502 @9k WQiPasBR9192 -

PCTI U8021174§%. .12 chﬁé%edrto adej ulst t.he tE‘Hgdto be v_vithtibcp t he r,%?ge of from
about 5 to SHBUIOUEIC PPRERT 'aF IUFTEERYPRAE RYiPed BRdrgaan R S5 Yhe batch to
50% sol i ds fle@it(dintethatadhiriorpropyiiidies indiegiciiorehitin, Alch Bherpolymethaying as mal |

anount of er is.charge ter | L L C ted via the punp. As an
exenpl ary \S/?‘Leéa %?Okgparnv%ﬁq‘ﬁ%gns’gﬁgﬁegfﬁ%ﬁ £g60616@l gal |l on stainless steél
process vessel ilencohpolygeds vantmisihfihd BPcatiogmiiss of fdyswilhe HIL, mEtiBmay Then, 500 | bs
of EDA is € Jhe r ' V. hargi ng

t echni que. %'{}Zélsg%g%%g)vlf g“ﬁéf}s’ §eglﬁ df}'gro g%{s?ér%%ﬁngﬁ%ﬁgarngtéﬁ%% gé’ frpﬁ%svessel at a
maxi mum r at koopgn imthe ait- Iowne pelwners ¢an becrofsdinked ¢ithecthwngli thgauatstranshoul d be

hal ted if tRgod8ARRI RUHORhINGRS AR AN dthenbdR R LRI Backbore8EMS 20 psig.
f EPlI i's charged to the vessel at d rate.of 40

| bs/ mi nut e dfde@8it 25 | bs/ minute dependi ng upon tenperature. EPI charging
shoul d be hal t @hodsfinkdaGordeROPRY A4 repRHGRRGSrob R fkind @ redchBts| /St 1000 | bs
portion of ‘ﬁh? azl Uté]g) veﬁsgl t enperature_should be allowed to reach from
about 170F PFURLT-La6ke™ Ny 37A%M S padReistale: Pagwdio Hs308: 108006 sodi um
hydroxi de sditclisirenofi vehichhide igedpdraed lRRinif St@lentdetidby réfBishdd) THetRRissuthen, 1200

ospect 1ve PR ERerddue BB Pl BT s legRER PR OY S RRER. 2001 bs of
50% NaOH i émethryizd andepidhivratgdire Theatos2Uinkibg éorienctings liskders,amapniap about 150
2o a ooy duirnlipined akithealfu BARHOLRIR ERAR, O BIHRL 00 1 PPl ¢
acid (H2SOMdiamigesadagmatic digmineses/ i nut e and di | ution water addition
follows to achi exe paesad. §,09E1 B he AlclaBe AOQMIRS ihAPRMatBRB g50 5100 | bs of

dilution wat rezl. PHis t her_l, djusted, if needed, tq achieve a level in the

range of f rTS%T Shgeribgs FrBSSaEH%E‘{ tongne priymers Fatiipg ey hergaiombut 5 to about 6.
The resul t adihethg@apint, yrtyfurpli@aldting, fdwpicRIorohdrid. e pient ol sj0A0I280 a desired
et hod 1 Sl Lo e R AP S n BBy SR SRR e vo 1o

pref erabl y laped ipeshe polyinbe. Gthgrexanglss biiceiond crassfmkel ionept pdljwas st he rate of
ﬂ{)?’gr Sur f Hadir ﬁrgﬁe?ﬁe's QQ’prchﬁféh irpﬁg.v}i'a%ﬁtsl\lc?s%,@9@%5,@9%%&30&97;61(1hesi ve to

' 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.
Conventi onal adhesive coverage rates and wei ghts can be used as are known
to those skilled in the art. Exenplary application rat®&¥owmberi0adnesi ve
on the drygyesshdace can range from about 10 nmg/nR to gé chhT s 500

mg/ n2, or nore, for exanple, fromabput 50 ng/n2 to ab Gt wg/ nR2, or
from about 85 ng/n2 to about 100 ng/rn2, based on the solids weight of the
adhesi ve confibHErgewhis meperneshyidntine. Thikprefbd Fingre podymeohdsiamrdeskeywdight Novenber

2005 WO 02/ 089494 R%dik Yo0R)-f648d. 13 applied to the rotating dryer so that

an adequate ampunt of  adhesive i s.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. &0 bPadpBed, Se. Mab&spadific dnl GREP T :3b8E nli8 b8 hdkid Lfs entireties by

foference: 3 640 Bal 4. 504 oo " EadD at gi’?h?sss, 2215?‘1%‘%9"513, 146;

5,025, 046; SNREYIShenrt. Boresgnnle an cxoess ofpithermgactant ysrd toppake th i@y 813;

5,490, 903; 5pofdds 30 D% erbpiHA tBFdviden ﬁﬁ&n@é@&p.%ﬁ%ﬁ&%a caléul Sy

4,501, 640; 4,528 %%‘g; 4.886,579; 5,179,150; 5,234,547, 5,374,334,

5,382, 323; B2BTHonakicgigly agyis.or Borpfiichgnal subsyiyied grinsubstigted alil7

4,684, 439; JaBRGaHbpacttd 888 abGasne pblydhdrio 666in Reppidibitbe phdrJotdde dr awi ngs,

Fig. I is a.f r. showi ng a .seriesof steps that ¢ be used according

to the presé}r?{y%ﬁ\%gnn %o eg%tr()%?ﬂrebo o@%ﬁ??‘%ﬁ?ﬁd‘f% © (qu’éfiﬁ%a"aé 8r web suitable

for use as frigpkitidalipwpertics arnicheibed in $63 EatesENog 3,991, 2pkd AOIEPRE S, and the

like. Such d\'g@lgﬁrég%‘f'ﬁhi@h%%mﬁ@&gt P%S%Em"{ﬁélg% &?&%’gl 1|-e¥rénge.t he range of from
S per 5, squar e fee

about 7 to about 40 poun Aand are formed from

~aqueous fiber sl4gopidag to aypemhgdisietiof thy pyssend vicating, the buole palyseur ry may have a

fiber contenthelye ¥Riifhikc A8 265 BYovaiaflt S1d Jpid MRt 40T/£‘€yfééi$ﬁry i s
or

directed to conventional Fourdrinier drainage wire to a fiber web.
Dewat eri ng PB¥AKYENIPG Flts, hlepst BRogt A58 iy aelfisnd B toabeus 75% by weightvent i onal
manner and thhleepdfaiiaetmive and athasiapgit &A%&bﬂﬁg@%ﬁp&&%ﬁﬂ@ibﬁ&%ﬁram y from
about 20%toau{a\ltg‘%)u(t)1 ?nq(@&s dg[r%ca%gdthto {gﬂ%ough-dr in% e%,ui pment. The web
exits the tRATOUGR- dryeF P HerrBe:, Mg ReEht PErentaseifgs Qrined anskthienout  80% by
wei ght and irslydlgdaeiok i dingtttytaanisf ¢ hadgoiyafkasssiepiohlbrabydria, aniMtiech carries the
web to the Qﬁ'ﬁgﬁéﬂglf\;gﬁi){@i%§th%§%iaﬁﬁr¥ef ansfer fabric can, for exanple, be
out S

1 es per inch in the nachine direction, 72

meshes per i nch Adcprdmgéo eprefssediimbedimensrof therrdesentinestiinothe foabiripolylaauckl es can
be provi ded idaQigh®BasknkaPRHblym PN RhetlyMniB L IHRAS, lpi creping or
Yankee dryer., 'Fhe web n| S ctggyed frorﬁ t}}k.lhgn d@erg’tegc?g{aﬁ“fdgﬁg‘?ﬂgégdmb havi ng

. W p L
a fiber confB¥fnegipming a4} dike feraofymepprgterabiolas g sefio of DiMyete ERbefifemi nto rol | s.
Ref erring t abdut §i taZipoiths, b psf@ibhaidn vt €9%b ouf BB ‘Phéi@x?&l%lé‘;t ed

e PUITRERInads G0 b5 L1 DRSS houd PYRLSIES: B3 iy OFF o0 e

' 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 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




the nip between press roll 4 and Yankee dryer 5. A supplenental |ower
carrier designated at S nay al so be enployed to carryn;lt}gve\(}%*b'jh sandvm' ch
Lashion; which may be particularly useful under conditions o I'gher web
ryness. whefoaphi ¢, web, and dryer nove in the direct icated by
the arrows. The entry of the web in{po the dryer is wel |11c012¢803f1%31[ he roll
fromcreping blade 6, which, as is schematically indicated, crepes the 18
Novenber 200%rasbiaziuibe pH (EEWibBORY magk3A frotvrboutd\ehtions. Bten, fiilatioat he dr yer
as _indi cat egag} s Zharé'éh?o &{]!%Pﬁgb%qo ZO‘%&IHS @%ﬁ&ﬁ o tﬂgﬁoc?{cy? LopldddSS€S Over
gui de and tension rollers 8, I's wound I nto creped tissue roll
10, To adhéfier Rume-qup Pa!@l?%wnmfyvawwclzargqtandﬂ@maéex &prléate@@&/ﬂlél ber
consi stencypugpit eri ng the dryer to the surface of the dryer, a spray | | of
adhesive is appljed to the surface ahead of the nip between the press roll
4 and Yankee 5. Sxemplary progess E’éma‘ﬁﬁﬁ'ih@EF"Pft‘ﬁ“ﬁtfsl‘?eﬁO@‘gaﬂl@r‘ﬁfﬁ'glewestﬁelz directly

but is pref gloadst YeseHl is@Bdrkad vﬁlhrlﬁM@@ﬂdﬁﬁ&ﬁlﬁspgfvﬂa&é‘efhchosdo'lmothbﬁq pi ckup of
adhesi ve by the enetration of hesi ve t?lrough t he

web to thet ?WR@W‘P%PP@M msﬁrvag»uwsc hereme &ohmndp- Ahere 5109 oo sui tabl y
has -a sol i denhgdmisePIVAGS chargedoalonstsel 40 2 b ym\RiePREbol208IbskiGRe, 36t about 70%

by weight o I bout 1% to t % sol i ds. For

s)[;r ayi gg, a{he Hﬁ?rﬁn%@{e%ﬂcﬁﬂcﬁi‘g hXc‘éitgnt{eatrﬁ? '%mg?raﬁu %0658%@59%“7 Qgef’rﬁssﬁ’ﬁout 15% by
wei ght is n@?ﬁceedpﬂblﬁsw et éﬁ,ﬁﬂﬁdbﬂgdfwhgscbaxgdzdatbttlevsssélladasrammnt can be used.
Ot ner Cso R Bhedib®s BIRARINEARNL WA lre HTCRG B, Byl & oLt NI,

hi gher solids contents as froma By wei ght to
about 70% bYrlebif gstempepure @%ﬂéﬁ)l@%‘ ff%mcdtﬂbu@oofib/ﬁ)mylomf hEPkibe about 50% by

wei ght . Thevas@n@mger@t%%ﬁauv@& SR t@-&%am&ﬂgbéuﬂé)ﬁohﬁm%m%@éoy' Wﬁé”'“ on have
nor e adhesi on r noi stures an ower nper at ur es en conpar ed

to convent i Bifsd™ DEW@B‘?W@Of%’d’h@gﬁuv’é’é’dmé’éb&‘&?t&lﬂl‘iﬁht“lﬁ@!%fé thesvegselt2@ hr ough- ai r

dryers. Thebi/maare TaeheXouesofa8bBad 16,06ChHY Bfﬂw:ﬂér aFeh;ﬁmhlaﬁ‘éiﬁsiy Eha?gt cini que way,
sture contents.

nmeki ng an ex ellent cre cture sheet noi
The i onene AdhegT |\g‘ées raigy gﬁgssgié)s ‘89\58??‘5@92‘?3/’?‘15‘“‘80%9‘?‘&%[{0 st S¢6 ARt i onal
resi n adhesi viesged hrethe ease! w0 losRyinita cliied] Ujgoabcﬁﬂ!iﬂOladﬂmmlbs@ffEmammni um

phosphat e (ﬂ%@ra&cﬂ% Eﬂé%e%&i*?c? §cfé|}éﬁtge BISCOSI dthes esylred OI‘ : at Iag(ﬁut g%ﬂn 3 'raq()) t he

corrosion that lEg erw
i onene pol y¥eTherErHblbs @féntﬁgwdelriﬁﬁpms edcteﬂet @ﬁﬂi@hlmrtemddﬂfmunmmes over

convent i onalddisbffleR ko abliee Y4 I diol EYSY, odéﬁﬁs%%gt &ﬁ@fosf!mﬁ&s oparticularly

over curren adhesi ves that include a nbi nati on o vi nyl al cohol,

sor bi t ol luopoyapek \PH 15 then pdipsteds “%‘g‘%tt%a‘%‘seﬁ? 1 lgvel ahtbg ragge of@pm- based

sur f act ant dbout 131 ﬂiwwjﬁ-)ordﬁr&&alﬁl?ﬁoﬁraﬁwt BGo Hbu6. [The MdGbmBlefpolfu¥er System
The adhesi ves 2cco ent inyention prOV|de superi or

creping, dnt uodﬁgﬁgscagdl?ﬂ%g@ "Fe}‘i'éo?g‘?g ?eff‘iﬂ?ﬁ?““ﬁtf""Dl\/A EPI and EDA descri bed

above fracture Anexemplary 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 adhes_ive coverage rates and weights ban 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




nicely at the creping blade, exploding the sheet and increasing creping
gquality. The adhesives al so provide superior adhesion at high noisture
contents, and ionene such as the described terpol ymer l&NeemBire®ynesi ve at

hi gher sRg&ha¥9isst ure contents as shown in the graph gfrRis#H A3 18
Novenber 2005 WO 02/099192 PCTI USOg117431 15 The adhesives used according

to the present invention also provide enhanced runnability. Creping-with
the ionene apied iotesroatitgxhpe sofieratiagnad amamnefadficsivy issbeasgethei onenes
retain theip rq,\%ﬁ&t&ﬂﬁ 1.0n over wide noisture and tenperature ranges. Misture
variability, can be common across a sheet surface, does not change
the creping ef f@beitsrehiesssf wing pstaen et aid adbesiverara desaribed dothel ng to the

present i nv%ifo}yﬁxgﬂ§ it GARH Lsell&grpb&e@h&aﬁ & ﬂuar @rfﬁ'éé?‘e?ﬁ}%ﬁ&eﬂ&er quality

ti ssue/towel uct. Blendin i onenes I al cohol

hont ot 11 b eBb Bl £8044851 4440005 SRS LAY KOG TRATOL M1 bd ing  whi | o

mai nt ai ni ngsdaesiqar 5@1’060@9 Msfml@er}dwbb@d%ﬂm 53&1}%8&93‘]% 3‘8@%3@%@@1 according
ertl es

o the Preseit veOlion £Lag oyl 96, SYPEOL LI L PaBer et ihen e

t he DVA: EPI 5EER7I5e5, 002 6PET,9421005;5¢H4y, 9540y B &, Ts7h o b s, 430 19w, et gsalsenf film.
properties ﬁﬁ‘f A4S filmtoughness and shatter as shown in the graph of
Figure 4. Crepé products produced using the present nethods and adhesives
of the present Refondngriopno thaddiwisgs g i iraoioyhelait shaliyger Sriesof stapsttati n

super i of o gRd L SSE NG ek BHEL AL AGNES e Wi SOFRALED phy RLodUCt S e

. by systens an se conventi onal e adheS|ves used
accor di ng t sniteblefospeege facial tipgen touletﬁtsa!p,éaraﬂaymap'ewapam @nqh%le likpSegtes do not

crosslink. Jhg hG&é@f'irf?JhE‘d Eag“é%fnﬁh!shann e rahﬁ@@f%oﬂﬂi%@ét'?‘é@%cm £ fBufRS

irreversible felt filling, mnimzeS deposit formation, and nimzes
cl ean-up ti PR 3QAGsavare st 4nd arq farmed diop agyeouns fleer Fliien dn watiEs arpligtionse

accordi ng t such hetury ms;eme h R RbALEHD b?ﬁélglh%faﬁb&ﬂﬂi&% lance&hﬁghe.ecth& Bu@pgh- ai r

dryer syste Yankee dr stems and cre stens. The
Comenes” onnB e e s it S TP e oA oot Rt

towel | ing potﬁb&a@mmbmburdthngmhﬁeoﬁg%mohvmlym mpiiree aRisksjrai@inkee dryer
processes, ﬁlg a‘%%hrc%&s%?ei%c% ragﬁ%oahnf uP?(%?%out 60/3% E!r‘e%{eﬁ?c{e crepi ng

can be done a con i Or systens using
hard resi nsth(qugﬂbérymteqtsmm@m@ﬂlh wcbsmasi?:tlumh-dsr# ft arféosr mtemame failed. The

present lon&assta@%%b\sa%o% By wdigte &ﬂ%&h&dﬂ@&ar@%&m quregsnm gfIDI nation wth
existing cre esive products, provid g excel I ent adhesion at higher

i sture _COW{')‘é*h‘Eaé“eS ERAIPIESe crepiag E’)‘(ﬁnﬁl%é I fabEe gena e e¥2E®lf bS shown on
the attacheghatbiegies baRshui 78 frésB&s peSinch 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 rolis.

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




and 4 indicate the superiority of an ionene adhesive fornulation used
according to the present invention over a conventi ona}%ﬁdhe VZ%OS

formul ation. The results.of the 18 Novenmber 2005 WO 02

PCT/ USOZM $3do1016 corrpar ative tests are shown in Table | bel ow and in the
graphs of Figs. 3 and 4. In the Exanples, the Exanpl e ACTG M3 i on

i ncluded a tezpol yner ionene adhesive deS| gnated "M', a water-based

pol yvi nyl akoieling vesbriohethé drmerde&mgmaiaed "M Efepad/ ath a&llﬂnéﬁ@m@ueﬂéﬂan

Laboratorie n nd,B I ed rel ease
agent - al !sosaé;valf 6‘? e ? %“Sl%?ﬁ?fﬁﬁ%fﬁﬁglrj"g 'flllsng%a To%t é?%ﬁf‘?%ﬁ&ﬂl?ﬂ%1 nc. TheS
Conpar at i ve Exariijpladherd thé mlanvdlyadry onb Z (antlar axadplp,cﬂoy&/ﬂilmy talsiehelh (PVA),
Sorbitol, agg.. heno X 0% active). The
ot ot uo Db AR ot HUBGAR AL BT OO IR gl ERE Vo) e
debuni zer osirfatraheadiof ¢ nig bnimegtthﬁweas mleIdéifﬁnk@fS ﬂ“hnslspréjbnmabe zt'p@ﬁ@l, a

moi st ure ouf, t%ﬁwéﬁgu@ﬂzéﬁeéfb(&ﬁ‘?s Op?aéér%;l%ﬁﬂéctlg %g%s Shto th éﬁﬁg gyas a vankee

dryer which had a vacuumro I zer sure 771" e 6f 80 psi ,

a running Bipeeal whestedinitzoeb aaddo §mithe nenstation ofadhesivstthroeshdhid waftof r om 3% t o
3.5% a temietatie@bat. the blade of from 280F to 350F while the sheet was
in a terrperature range of from about 200F to about 250F. The PVA was nade

down to a sol i dsPeHRYeHrefsrbligpsousandaitably hagr wHes contentfdiomsdodt a f eed

rate of abomﬁ%B;laeiomtm&as,rﬁwcﬁh@aboffm%%ymmgf@brM@(s ﬂ?&%bly%\ﬁ‘ﬂabb@t 18 0l i ds
eed rate of about 1400

.content of 0 5. 0% ht and wa
L/ nin. The%‘i"l’ %6&"'&951@% S a*’é‘g%l%%ﬂ‘s‘isc?"ate%?ia%%“ gt &A% i abamout 1. 5% by
wei ght  andi5¥elsy Webght &tmoze frefedkedratha@izh inyasndatile lids mtmaarbeliedal €od shows the

total anou on i.n the. adhes efor l.ati first, for
each test % &Lnge @%ﬂaﬁgme Or%? ﬂlg 81 § gfgcev\%ﬁﬁ‘ﬁ c?a(glf’g’ r%"@ﬁ%‘&?ﬁ?ﬁﬁs in the
adj acent cdhft]frht?@mfﬂmedewemasrpr@ouu Webyrweight ThaboneZid bsweiblmwfot hat for a

t hr ough- ai rex%MErﬁom%%gmb eﬁ%ﬂf}e%%&ox?wprﬂﬁ%%gat' ng system of conponent

"M'. the conponent. 2076 one 8 provides excellent cr epl ng
adhesi on. The opbs iAtse adéﬁslws Bied a@cewwrt@me pragent inyegippdiaysmer odissiom be 3:

a solids bag hi&her&i&ﬁtnﬁ*é@@nﬁtfl&@t‘ teﬁ‘xf;)erﬁtbl%@%&gcorﬂﬁal%d E@édn@e%ﬁal %QQM@ as
provi ding a nore shatter when_ the amount of "M I ncreased,

and a film® %ﬂveﬁ ‘§Sp‘§°(’)afllt"élps?/\}|‘?8 on tHoughi L tryerst Tl%‘?%e“%dl?eﬁ‘é’l‘”é‘é‘@ed 18 Novenber
2005 WO ozlﬁe@ﬂe&ﬂthalzlaaeabhamaluaczpzm@pga%&aazeirm@&aﬂf&%%vé%h%h714x0/®°/6°/<1ng

6P, PVASMIol SIM mggt%%]c% J:ntt Iio-lr-lgn]é% esw 5939'5 also fewettabll'e in contrast fo

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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7.:3 - 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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50104x1 Tr € E%Qﬁiﬁesltﬂz Example I formulation 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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It will be apparent to those skilled in the art that various nodifications

- and vari at i OWsATaIS dianveslers:o t he enbodi nents of the present invention _
" without departing fromthe spirit or scope of the present invention. Thus,
it is intended that the present invention cover other m)di fications and
variations of this i W;ﬁmesﬂnrmarmmcﬁnﬁgecrsmmemeb Ediep ended cl ai ns and

t heir equival ents 1099192 19 PCT/US02/ 17 431 WHAT
|'S CLAIMED | S; 1"‘“‘/’3{gl %{:C’X"S‘Eg ?%V‘g%ﬁﬂ?’%{dﬁl%‘i“}%g“égéf%é’a’q s, s

conpri si ng: admsryvdtderrsgrfs&e cot@isinggn mynénerpdlynmaidhés‘xyeer i ncl udi 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%}r@exd&ﬁgﬁ surface. 2. The

- process of claim1, wherein said ionene polyner 85i ve conprises a
crosslinked pol yérer &he ppcess oglammd rrherein saig ioepe Ryl kraadbssianempisesani ne t hat
differs fromosgmked palyll iFah ARylardine, BHRI0BSRGARS e Und i ahﬂile at [ghA said

i onene pol yner ?qhem ve conprises a terpolynmer 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 Wks pyeressebpldin 'bn‘éln@mpﬁ@idymnammmm ohaplotet is fR&mby wei ght
sal d | onene ap@laRit of Bro abR@Rdys BPALE R BY RS AR NAL 6 sigdfksp 1O about

70% by weight water. 8. The process wher‘el n sai d adhesi
conprises at |edst abyupeth 041(5%‘165‘?‘ Whgﬁt“%@‘@f&oémwshﬂs?hﬁéﬁrls pragsntt o about

50% by wei ghi anSibsht baBEWE Y8 WeIBH basdd on the 8stids IR of 5&%"1&)&16%[)&1@; wat er, and
up to abOUt 60%’)Nat e{"he 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 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, wheréin said polyalkylamine comprises

dimethylamine.

11 The process of claim 1, wherein said haloepoxyalkane comprises

epichlorohydrin.




9. The process of claim1l, wherein said polymer conprises at |east about
20% by wei ght and up to about 40% by wei ght pol yal kyl am ne units, -at | east
about 55% by wei ght and up to about 75% by wei ght hal 68P8YRERERE units,
~and at | epsby@bpet 1% by weight and up to about 10% bypmsgwﬁm]'

al kyl enepol yam ne units. 10. The pregess of claim1l1l, wherein said

pol yal kyl am ne conprises dinethylamne. 11. The process of claiml1, .
“wherein said hai &epoxyaPiessseoiciiprli wheein il dkllaepilyairitacompssehlovenber- 2005
WO - 02/ 099192tipGhédilafind 17431 20 12. The process of claim1, wherein said

al kyl enepol yam ne conpri ses ethyl enedi am ne. 13. The process of claiml1,
further including® driy¢ Hgesasiglainycfirthgsiciuding: i ber consi stency of at | east
about 10% and updryiag &JikDﬁlieer@%a@ﬂje%oﬁsiQ%Y 654t MstSBH 6%Qﬁcf w5 Bpcup Said
adhesi ve drgﬁg surface., 14., %[he process of_ claim1l, 1lurt er T neludi ng:

dryi ng sai d P1oB8IPreRBYeyiE saiq fibssveb freidedhsnivy diyer srfdeeast about 40% by

wei ght and up tBl ababé pro&¥s drvlank il gibkthePRERABCONVEYi Ng said fiber web to
sai d adhesive dryer s IJf:faceb. 15  The process of claim1, wherein said
drying to form arﬁlpgﬁaﬂy Reb¥Pb (RaHDer R af 4 lepstiabout A% by melghtwed to a fi ber
consi st ency upfo zhoutSeASY valpbitefDSLonbYyingahig Hiber yaibitOkaid Mh6H@RIky2g the dried
fiber web fgom.said adhesive dryer surface. 16. The process of claim1,
wherein said conveying conprises carrying the fiber web on a fabric to
said rotating cylSi ndThegadcesvof ehins irftecn saiddrtingiosray 4 drieg fibdiavebi ber  web
fromthe f afph : r L h roces | aim 16, wherein
the fabric mr?ﬁc’ﬁéséﬁgu&hﬁggﬁ%(eﬁg e[\%v{ebbafiﬁ%ﬁ%oﬁé&enrc £ get‘t?er?at a@?ﬂ% iglgw)ofé?b?’(‘yﬁ{&“dr yer surface
i s a transf BROrAneeRitEThedrsd Siherfvebriiam faighaidlegivik doekduesee. whi ch conpact a ni nor

percent age portign ofhdiseSWrtaene 1, WhelelCaitehnR | er ~and the
adhesi ve rel.éai ns, t he nﬂ&?ﬁl b onet healdr yerpiggg‘%g%{ésg%%‘?ﬁflg{h e fiber

.ed vweb on t
consi st ency %' e e tPéa'gf‘Jtﬁ“é‘&ﬁ lindpiest drygsupfacegnd trmetepsing thediverof cl ai m 17,
wher ei n t hewelnfpene s ifabric foali drgerktifiss] es conmpact about 20% of the surface
area of the web,gn said dryer s.ur{a ce. .19. rtA creped fjber product nade from
! 19N i : ,

the process of clai mﬁfpmcﬁfvf.(’fﬂa‘é‘} %«‘é’g‘“’r‘?‘i‘ B falsic sfirbicansigeide pelintishe process
of cl ai m 3. 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.




