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PCT/ US9 Ag4gidhesi ve Conposition Providing a Signal Meapgraigsghgsi vely
Lam nat e aper Product FIELD OF THE | NVENTI ON The present invention

rel ates to adhesive conpositions for cellulosic fibrous structures such as
paper products, and nore particularly to paper products having nmultiple
plies which are adhesively joined together using such conpositions.
BACKGROUND OF THE | NVENTI & iodfaPMeans everyday life.
Paper products are frequ‘e&nqt}#egﬁ?goggédémpg?lf&in\géugféﬁgnd :rng used for paper
toweling, facial tissue, and bath tissue.anll ssue paper products may
conprise a single ply, but freguently coppri t wo_ or re plies. As used
herein, a "ply" refers to a & F@egﬂe‘k’P{W“éﬁ‘iﬁaBﬁP?q"{?m ng wire, or the
equi val ent thereof, and dried wi thout additional fibers being added
thereto. O course, a ply may be layered with different cellulosic fibers.
Layering provides the benefits that a central |ayer may conprise relatively
strong fibers to inpart strength to the tissue paper product. Qutboard of
the central |ayer may be short eFIBELDOE THEINVENEION: soft tactile
sensation to the user. Layering may be advant ageously acconplished by

commonl y assi gned S. Patent 3,994, 77 I,ssued Novenber .30, .1

Morgan, Jr. et al. }JIWTE?F"E%V BHion r@“?‘??i‘&”‘ﬂﬁ?sé‘fee‘ff%orsgfb Sﬁ?f ‘F%’P‘Z’;grﬁc”g‘.’“s
Frequently, t ' el Befmbpopirtiedlafipt r pPeiueaifivin
product. Joi n%&#ﬁ%ﬁ“ﬁ?ghﬁf@ég@é’gﬁﬁg rogé des the a vatr‘l)t age that gt he
resul ting | animatiplelpliss whichaseadheeimdyﬁ@'nugmgleﬂ@ruﬁag sachs¢omgpasitising. of

equi val ent thickness. This provides the benefit that, again, a softer
‘tactile sensation is percei MWWd caliper are
typically inproved as well. - ' WO 98/50481

PCT/ US98/ 09148 2 plies together allows the paper product to have different
central and Oqiali:}@?‘rp%dﬂctseﬁre well known in everyday life. Paper products are frequently

referred to as tissue, and are used for paper toweling, facial tissue, and bath tissue.

Tissue paper products may comprise a single ply, but frequently comprise two or
more plies. As used herein, a "ply” refers to a single sheet taken off a forming wire,

or the equivalent thereof, and dried without additional fibers being added thereto.

Of course, a ply may be layered with different cellulosic fibers. Layering provides
the benefits that a central layer may comprise relatively strong fibers to impart
strength to the tissue paper product. Outboard of the central layer may be shorter
fibers which impart a soft tactile sensation to the user. Layering may be
advantageously accomplished by commonly assigned U.S. Patent 3,994,771, issued
November 30, 1976 to Morgan, Jr. et al., which patent is incorporated herein by

reference.

Frequently, two or more plies are joined together to make the paper product.
Joining multiple plies together provides the advantage that the resulting laminate
has a lesser bending modulus than a single ply of equivalent thickness. This provides
the benefit that, again, a softer tactile sensation is perceived by the user.

Absorbency and caliper are typically improved as well. Furthermore, joining three



an the lamnate, to provide strength and softness respectively. Miulti-ply
ti ssue products are typically cellulosic. As used herein, "cellul osic"
refers P 834¥er product conprising at |east about fiftyPRETUM¥OPEE cent or
at | east about fifty volune percent cellulosic fibers including, but not
limted to, cotton linters, rayon, bagasse, and nore preferably wood pul ps,
such as softwoods (gymmosperns or coniferdus) or hardwoods (angi osperns or
deci duous), jch fibers may be recyc|led. The ance of the fjbers may be
synt hetii c, SuRleS AQ8eihar Al ws the BIPeR P tp Feeuerese entpl pad oubgard RS ent | y
j oi ned toget hghhdMndi Ni GEReS ,@g@,@g &9i ning of cellulosic
plies is advant ag%ouﬁ?qgggcrl?ﬁge% I'n %%%%Dﬁn y as%élég‘rqeg U. S. Patent
5,143,776, issued Septenber 1, 1992 to G vens, which patent is incorporated
herei n by refMultiaply.tisbiseproductsadé ggicallyjoollulpsig A$ used hergihe"celitlbsit'besferspl i es
in a paper product can,,and has,, Iedlto nsat'sfaatgrg gerforrrznce.

Particul arl y, o BaReT prodiet compusing 2t leashabout diffy) Weight peqesny orat %aﬁ%?b%d
bath tissue nggf V?I@ere }%J}Gerﬁr&pﬁl%»si@'ﬁbe?&%l&ﬁx{ >k Mot Afnittdagd, '88{56’:& finters?! ¥
bond strength™ refers to the Torce necessary to separate two adj.-acent "plies
from one anotdagen, dagakss andbectelpreforablyFveqd eatpsy suchas sefipapds (gyrmdspErms
particul arly paper, _toweling, .are wetted in use. If the wet ply bond
strength is i%sEemfeEoushior ardwppds {angiospermss of rf’eﬁ’éié°‘é§d whigh ﬁﬁﬂérmﬁf B8uct

I s destroyed. ' i nga?sly ' | e wet

ply bond st rerr?%%&?ﬁ% bﬁ@g&gﬁ"fﬁgﬁg‘%m eneg%hfeg&’d{u ?‘é?ts F?Iy%:‘lgﬁg%g&? gst%lhhe wet
.ply bond strength. In the prior art, as the wet ply bond strength increases

"t o the properCélkiasic plidsaarel freqpéntlyfjoinddsbgethet by tecwusesst dnoadhgsieat Adhdbiwe t he
. dry ply bond strength is {oo, great, the softaémss nd absorhency are

typically redQdg o o, pligsdis gHxentagesusly deseribedoig) ¢ommonly asiigned) Unl.
08/ 524, 316, f4 i ! . 6.
di scl oses co ‘#ﬁg?}’ i(}l%’??(;%f %%ﬂ{%%g%hlés@%%%n%%’iﬁ gltcﬁ ﬁgtt%tp'r@g{/c%)ggégf 9/ ply

bond st rengt hheréin byieéfermbesi vel y j oi ned plies and cationic wet strength
resins that provide wet ply bond strength. Such adhesi ve conpositions have
D ound ! Bh v S S ol SIIHR S ' PR produlCen 50467
has, led to unsatisfactory performance. Particularly, paper products used as paper
toweling, facial tissue, and bath tissue must have the proper ply bond strength. As
used herein, "ply bond strength" refers to the force ne::essary to separate two

adjacent plies from one another as described below.

Frequently tissue paper products, particularly paper toweling, are wetted in use. If
the wet ply bond strength is insufficient, the plies separate in use and the paper
product is destroyed. While it would seem an easy matter to simply increase the wet
ply bond strength, the dry ply bond strength is directly coupled to the wet ply bond
strength. In the prior art, as the wet ply bond strength increases to the proper level,
the dry ply bond strength becomes too great. When the dry ply bond strength is too

great, the softness and absorbency are typically reduced.

Commonly assigned U.S. Patent application Serial No. 08/524,316, filed in the
names of Neal, et al. on September 6, 1995 discloses combinations of nonionic
adhesive materials that provide dry ply bond strength to such adhesively joined plies
and cationic wet strength resins that provide wet ply bond strength. Such adhesive

compositions have been found to provide adhesively laminated multi ply paper



3 products wth adequate wet ply bond strength without having a dry ply
bond st r&agg,?m%ﬂat Is too great. It is also desirable to provide a user
with a signa at such | am nated paper toweling naintai nsE§VES%WEP14% vy bond
strength when t he paper product becones wetted during use. As is known in
the art, many | am nated paper towel prodtrJTgts are provided wth an
aesthetically pleasing pattern of enbossnents with a | am nati ng adhesi ve

bei ng di spos [ h ts . for joining the plies
t oget her . Iteﬁggﬁtégﬁ&ng\%ﬂaﬁit §héea;pb;#’t%e?t§é]%ﬂ; gﬂﬁ@é@#‘é‘m@ 3i‘§'¥p®¥at?‘§‘ en
paper towel i ngrebgthah®isis'eed gredt. Conmonly assigned U. S. Patent application
Serial No. 08/49,708, filed in the nanes of Steinhardt, et al. on Novenber

15, 1996 di sc{pqs;ﬁ the .use of indicator neans to maintain a pleasing
pattern when Hdpetisa degirablegta, peovide auserewith ghsigoal thes swshnleminated psper

nerein | e \ e e "
1 tant um oi o YEAE AR IESLLE oly RS BRI R e BaBB” BlodhEl hecities °°
commonl y avaiwetbddedurinigane CASRKnd¥ndh thda® henylamBRt& ﬂheﬁk&'&vél%réﬂiggﬁ%&e_

preventing such dispersions fromflocculating and settling out. I ni ng
such ani oni cirpyided afith ar aesthgticaly plesping wpiattarncef embossmests withenbnfinatingi ns

b f ' | y, bond b, | |
"h an' adhest visheite bnd B34 oFUREREREENE, ot SRR sFieny Bejojfiae tha pie
enhanced wet tpgeth&oNdissdlsocRdivin tHﬂ@\t\@é/\Agzlitlterh 2 chiboSsRGH:d Bishﬁﬁéﬁrs‘){vhg:? hgﬁ;cl t

materials and cationic materials is known in the art." Accor
is an obj ect teweling bedomesrwettad. Gommonly designeduUtS. -Rrtent papplicatiomoSleriat Nd.t i s

e an, otisafds Als, HikiS MY SINCH SRR AY 5L 2 adeNree s PA Sseees "
strength w t hRaltusé BFi iRGic@of mYeaRb Yo NARALaD T Qﬁﬁgr’]‘/ﬁﬁféé}ni Pi:/r?%lagér??&wé'iln ng

with a visual signal of the wet ply bond strengt I na I S an ©bj ect
of this invereromes wethes Gneadf themaarisedisalesed ahgreiniis a daminatisglhdiwsive fyrthedi n

GRS PRI ENE A N O ST
pigment dispersions as are commonly available, also comprise an anionic dispersion
aid to aid in preventing such disperéions from flocculating and settling out.
Combining such anionically stabilized dispersions with cationic wet strength resins
as have been found to provide enhanced wet ply bond strength would result in an
adhesive composition that further provides a visual signal of the enhanced wet ply
bond strength. However, the incompatibility of anionic materials and cationic

materials is well known in the art.

Accordingly it is an object of this invention to provide a multi-ply paper product. It
is further an object of this invention to provide an adhesive composition for a multi-
ply paper towel product which provides adequate wet ply bond strength without
having a dry ply bond strength which is too great along with a visual signal of the
wet ply bond strength. Finally, it is an object of this invention to use such an
adhesive composition to adhesively join the plies of a multi-ply cellulosic paper
product to provide paper toweling with improved wet strength and a visual signal

thereof,
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PCT/ US98/ 09148 4 SUMVARY OF THE | NVENTI ON The present invention provides an
adhesi vavQ@ o838l t i on suitable for lamnating a nmulti-ply aeTussesdrspaper
product. The adhesive composition conprises a mxture of: (a) from about 2%
to about 6% by wei ght of a water-soluble or water dispersible dry strength -
bi nder material; (b) fromabout 1% to about 4 % by weight of a

wat er -sol ubl e cationic wet strength resin; (c) fromabout 18%to about 25%

by wei ght of an anionically s 6)1) I0Ne pignent; and (d)

from about 65%to about 79% by wei ght water. The adhesive conposition may
be prepared by, bl endi ng an. aqueous sol utian of the.dry strength binder with
Che 1 tani um SMORFIENITYFRIc i viden &RcAAREUHS COMPALOR SHIARIE R AmITAENg 2.
provi ded i n apyaAP5RuRSk Waper prddiBO "R dnEsive B8mBEifon CORPASHIEL Hitkture
cationic wet strength resin is adjusted to be above the isoelectric point

of the titaniafm di oxi de di spersion before the cationic wet strength resin
solution is added to the dry strength binder titanium di oxide m xture. The

adhesi ve conppsifion, of e prese j nveption is in the formof a stabple
di sper si on. T&é flf:ﬂ‘? aQ?‘F‘eﬁ"n’%ttﬂ a&PHth h&f"@i‘g I°r%iasW§t§f'é?:lP G ryMeE ﬁ@pﬂﬁgg"p
consi sting of | : . pol yvi nyl acetates, carboxynethyl

cel | ul ose resgﬁgt%\é%ﬂg%ﬂé?l&tgg@gﬁ*%’esi ns, and m xtures thereof. Preferably,

t he wat er-sol ubl e/ di spersible dry strength binder material is polyvinyl

al cohol The wdy)drom ebaiifl 184 taabartidcar sveight of & vatereiblocationie wetosirength
-consi sting of polyam de- epichlorohydrin resins, gloxalated pol yacryl am de
.resins, pol yefqgl?l’ enei m ne resins, and m xtures thereof Preferably, the

- water-soluble wet strength resin is a pol yam de-epi chl orohydrin resin.

WO 98/ 50481 gc) from about 18% to about 25% by weight of an anionically stabilized titanium
PCT/ US98/ 0914

dioxide pigment; and
(d) from about 65% to about 79% by weight water.

The adhesive composition may be prepared by blending an aqueous solution of the
dry strength binder with the titanium dioxide dispersion. The cationic wet strength
resin is also provided in an aqueous solution. Importantly, the pH of the aqueous
cationic wet strength resin is adjusted to be above the isoelectric point of the
titanium dioxide dispersion before the cationic wet strength resin solution is added
to the dry strength binder titanium dioxide mixture. The adhesive composition of

the present invention is in the form of a stable dispersion.

The dry strength binder material is selected from the group consisting of polyvinyl
alcohol, polyvinyl acetates, carboxymethyl cellulose resins, starch based resins, and
mixtures thereof. Preferably, the water-soluble/dispersible dry strength binder

material is polyvinyl alcohol

The water-soluble cationic resin is selected from the group consisting of polyamide-
epichlorohydrin resins, gloxalated polyacrylamide resins, polyethyleneimine resins,
and mixtures thereof. Preferably, the water-soluble wet strength resin is a

polyamide-epichlorohydrin resin.



5. The .adhesi ve conposition of the present invention is suitable for use as

a | am naty,ngsaegesi ve for multi-ply absorbent paper productg.p gﬁl}ﬁ{&bl Y,
at | east one of the plies has enbossnents thereon, with the enbossfients

extending outwardly fromthe plane of the ply towards and contacting the
opposite ply. The plies are preferably joined together at said embossnents
usi ng the adhesive conposition of the present invention. Preferably, the

adhesi ve conpoghé h@iksive BRIPokiEEn b iR e RAP RiveRi G GLItMle forl REGS aAminhGrg
about 3 to about 85 grans per 3,000 square feet. The paper product

pref er abl y hasadhesive foi multioplg absorbergtgaper praiduttsaBrefefaldly,catdesst pae of thelpliesand
nore preferably at |east 5. ranms ,per inch. The paper  .product further has
a dry ply bondM F@ aasmemseas?e&a» il che smBopsTnents GRispding quewardic iFom, she
nore preferabl t 0,, G ' e.pa

corpr | se tvo,  Piep $Fu By @ubicull ffadfl 18 ShposhopfORS pRAL A Hreltiibly
the present i njoimdd togethasadeidenbetmasnts ysing thendhsdiveaghpositivh of thePrysehond

strength contrary to the prjor art. Al percentages, ratios, and
proportions heFWeRtion Erefsraply, the adhssive sompaution is2pplied 19 thepapen produgt g

invention is dfé@%lrc.if*}ﬁgn iaﬁ'ox{f;%‘rfo a%%h?k& ﬁ%%sg%% 3%-66&48?% Q&SCRI PTI ON OF THE

| NVENTI ON Whil e Thi's specification co W th ns particularly

poi nting out and distinctly claimng the subject nmatter regarded as the

i nvention, it [The pepereprodudt ipadfetably has\aewet plp boad shrengrhtdfet leasdé Ssiramel pbr om
a reading of the follow ng detail ed description,and of the appended

exanpl e. As usB§hpandanere nraferabby ah leash 2 fr gramsper ichn$he paner predush fyrthes has

conmponent s, ingredi ant 0 p 0NhKAQl.N ' ractlcing
tha present i nact i oopd HreBGEly Yok Moo R0 b SRS HEE ) BUERMI
nore restricti prfédblidrom S5t 15.0¢rans it ingh! YTh@paper podue RsdySdonifiseftwo, The
present invention conprises an adhesive conposition and an adhesive

| ami nate of twires, afsRaereplies. ddwathe arper nroduss|ageriding todbe prasentinyeasion has

;%l.r} ldlsgg} 89 1Z§decou\{)\gd9\§ét5p?¢ §&nd strength and dry ply bond strength contrary to the prior art.

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

specified.
The present invention is described in more detail below.
DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and distinctly
claiming the subject matter regarded as the invention, it is believed that the
invention can be better understood from a reading of the following detailed

description and of the appended example.

As used herein, the term "comprising" means that the various components,
ingredients, or steps, can be conjointly employed in practicing the present invention.
Accordingly, the term “comprising”" encompasses the more restrictive terms

"consisting essentially of" and "consisting of".

The present invention comprises an adhesive composition and an adhesive laminate

of two or more macroscopically monoplanar plies. The plies are cellulosic, as



6 described bel ow, and may be made according to the sanme manufacturing
process, or accordlng to different manufacturing processes. The Plies Each’
ply mayWRBS48L| urality of enbossments protruding outwar BEVUSPEIIe pl ane
of the ply towards the adjacent ply. The adjacent ply |ikew se may have
opposi ng protuberances protruding tomards the first ply. If a three ply
paper product is desired, the central pIy may have embossnents extendi ng

or uni di 1 ect i RGO RSk e g P R Rear e Bt riBlRE e SR oF

according to &Qm@%cﬂﬁ‘éﬂeﬁf‘ﬁ%dﬁémdﬁkﬁd&%&& 637, 859, |ssued January 20,
1987 to Trokhan; or 4,191, 609, 1ssue rch 4, 1980 to Trokhan, which

patents are incorporated herein by reference. Aternatively, t he plies may
be conventi onkh¢Pliek i ed using felts. For the present invention, each ply
may have a basis weight of about 8 to 30, and preferably 11 to 18 pounds
per 3,000 sq f,eet . .and ef ra I has a,co on od, and/ or
Do twood pr ocekBa By HRYE o PREREY B shosiinehusirattating e Bom e P
paper maki ng pcsme?y vhivbs tey étﬁa&ehtep@l TheSad ﬁa@@i&' 1 fikewisk hiedy ﬁuvewphslagl es
may be enbossed nbossi ng may be acconplished according to

knob-t o- knob nmmbgmnngﬁ prasowiing kowards the é’ustbglycéfmouhrgc ab'spgmecproﬁ@t lPat ent

3,414,459, is ued r,3,,1968 t.o VEII t he nes SSi ro
ot rated | GPEd s el PlEcHay v | subisgitis, Stbidies oLevarde iRy Stfand,
or a dual pl YleHc‘éiSﬁsssaltHdugﬁt EaE&ﬁ'fa'l n;&/gomﬁg Yncﬁse?x'\kgﬁﬁqeﬂés Ser Rifidifctional
.5,294, 475, issued March Nei | of which patents are

-i ncor por at ed émqssmerﬁymagﬂnerfasdzée For the errbodl ments descri bed and cl ai med
- herein, the enbossnents may be spaced on a pitch of 0.05 to 0.70 inches and

may have an apge t the dlst end,. rangi n mOO 100

i nches. Each 1 @?r@?ﬁf cheac:ﬁg@éngﬁpggmﬂmop ﬁdlﬁ'tgbg c‘ﬁ&f%ftegr’ude 0
to 0.120 i ncheﬁxearmarpez@l W@l €2 Tx*&‘iih&r?' ér 41108 IDGSREE NidrcHBY, P68d Qynd,
oval shaped, or irregularly shaped

Trokhan, which patents are mcorporated herein by reference. Alternatively, the plies

may be conventionally dried using felts.

For the present invention, each ply may have a basis weight of about 8 to 30, and
preferably 11 to 18 pounds per 3,000 square feet, and preferably has a composition

of hardwood and/or softwood processed by any of the means well known in the art.

After the papermaking process which forms the ply is complete, either or both plies
may be embossed. Embossing may be accomplished according to the knob-to-knob
embossing process illustrated by commonly assigned U.S. Patent 3,414,459, issued
December 3,1968 to Wells; the nested embossing process illustrated in U.S. Patent
3,556,907, issued January 19, 1971 to Nystrand; or a dual ply process illustrated in
commonly assigned U.S. Patent 5,294,475, issued March 15, 1994 to McNeil, all of

which patents are incorporated herein by reference.

For the embodiments described and claimed herein, the embossments may be spaced
on a pitch of 0.05 to 0.70 inches and may have an area at the distal end ranging
from 0.001 to 0.100 square inches. Each embossment may be made on a roll having
knobs which protrude 0 to 0.120 inches from the plane of the roll. The

embossments may be round, oval shaped, or irregularly shaped.



WO 98/ 50481

PCT/ USO&@Q944isy The fibers conprising the plies of the pagefugispdiyat are
preferably cellulosic, such as cotton linters, rayon or bagasse; and nore
preferably are wood pulp, such as soft woods (gynnosperns or coniferous) or
hard woods (angiosperns or deciduous). As -used herein, a |am nated paper
product is considered "cellulosic" if the | am nated paper product conprises
at | east abOUTh@Qb%'&h{pprﬂgQE@Ph&J ofthel fapet prfdiabi aeCpréfelrabiP calRASH) such
cellulosic fibers, including but not |n1ted to those fibers |isted above.
The bal ance oé#s @dt@nfhrtb@'s,srawnpr bagassg; tahe mczrmprﬁfcrahlympevoqdrmdmwc}mwsdfe

Sul'p 11 ber s SBRBH PTCGRFIICaT e S 1145 oadrigEROePas o desidyoyy.
pulp fibers c
about 4.5 m | hkﬁ?é@ﬁe“rexﬁ”&jlaﬁuﬁdtgdrg%ﬁér d?&d@é?%%or%ﬁiei‘éd %%Bsn@olm&faﬁi%&f S,

and hardwood fibers having a | ess than about 7 mllineters and
a di aneter of pwpwmod@ttamm;bmas ap Jeast (abomeﬁérvsexglasptreen 6Dahdbasu)abm1tk50/vel I
for the | am nated p uct s.descri pu fibers, are
sel ected for YO8 H&rmiﬁ’%d’é‘& g‘t‘tthp &Dtol W\?é"n ibgrs, listech

fibers may bey d ses,
such as sul fi ttg'f'& q-f‘?g’ta g“%%gyé%dge%r?gcce %‘E%ﬁe&hﬁ?@éﬁ@&i@gg&%ﬁuch

as stone grousyhitietid, suthtasrpodydlefal yr ptblblt‘.'stén b!ecsllumsyc bmctpfeooﬁmedd bylp fibers
conbi nati ons of chem cal g&g nmechanij cal proce§ses or be recycgled. The
type, combi naf®mBRFising BoipVeRE §Reisaying: adengthe §bw§e%10épeatwt 4ex wlll@aﬁer&o

:the present E&chﬁma ter PQ&%;%&Q%O?QHM&QJ hgc? B?rg%d%e}s%%f gusl y

-t hroughout the ess 0 m nat e aper honogene

+ bFended t her elengthTéfeleddthas i abeuCoTpmilimetens Iﬂiﬂa amxaxﬁaeﬂbftabeutmﬂ tad abéut Jsaper
product are adhesively joined together. The adhesive caonposition is
preferably appiGrametess thae beenotourdntos verkawell cfost thenlanpnated qrapen preducts he
adhesi ve can E%dﬁ%ﬁﬁ&g to the enbossnents of both plies. A suitable
adhesive utili 265 & 1 Xture of a dry strength binder (e.g., a fully

hydrol yzed pol yvinyl al cohol adhesive), a cationic wet strength resin

(e.g., a therIfowebd iphip fbérs @mé Gelecret Nbr th& Gnua-phn ipepércprlodiicts taflthé ipzésdnt
titani um di oxj de slurry. Such an adhesive conposition conprises between
about 65 and inyepian shefibers may be psocbmesisbmw Belpmggrrecessineludiag chemicall t o

4 parts cati OBllo%eglggé, fich$ rs]gsg.llihtre,e&lpates 91 'dds%da%}gcélsges, and mechanical processes

such as stone groundwood. Alternatively, the fibers may be produced by
combinations of chemical and mechanical processes or may be recycled. The type,
combination, and processing of the fibers used are not critical to the present
invention. The hardwood and softwood fibers may be layered throughout the

thickness of the laminated paper products or homogeneously blended therein.

The Adhesive Composition

The plies of the multi-ply paper product are adhesively jdined together. The
adhesive composition is preferably applied to the embossments of at least one ply.
Of course, the adhesive can be applied to the embossments of both plies. A suitable
adhesive utilizes a mixture of a dry strength binder (e.g., a fully hydrolyzed
polyvinyl alcohol adhesive), a cationic wet strength resin (e.g., a thermosetting
cationic resin), and an anionically stabilized titanium dioxide slurry. Such an
adhesive composition comprises between about 65 and 79 parts water, 2 to 6 parts

dry strength binder solids, 1 to 4 parts cationic wet strength resin solids, and 18 to
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8 25 parts titaniumdioxide pignent. Each of these types of conpounds wll -
be descrV@d8504¥1detai| below. Dry Strength Binder Materi alRCTIHEP888H8si ve
conposition of the present invention contains as an essential conponent
from about 2% to about 6% preferably fromabout 3.5%to about 6.0% by

wei ght of a dry strength binder material &hosen fromthe foll owi ng group of

mat eri al s: polyacryl am de (such as Accostrength 711 produced by CyTec
st £ o5 bf Z9eAnecRIABRER (ionte Parast aBerh CL Brre G PRb & HERa36 Wi g
and 3030) avaigeghied td @spilNgiibenal Starch and Chemi cal Conpany, Bridgewater,

New Jersey, or Anylose 1100, 2200 or Sal vitose avail able from Avebe Starch;
pol yvi nyl al cohol (such as Evanol 71-30, supplied by the DuPont Corporation

of W m ngt on DipSteevmth BindexdMinterdalsr or | ocust bean guns. Preferably, the
dry strength binder materials are selected fromthe group consisting of

pol yvi nyl al cqhol , ,starch based resins, and mxtures thereof The dry .
Strength bi nadhenadiesiva Compesiiy SRsthECPIHER IETSRN (SONET gapth etk s
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nmol ecul ar wei ghtweightf 0€aalny strendtbrbinden matbeali chesén from thenfollaiving geoupedtht

I | ar . wei ght f, b 40, 000, t boyt 0, , .
et o sl f 1 OIRG RRE STBO RS o ASreSHTRREh T RTotues & Coris IoAvSEeN | g
formis comrergi il.a . r r S
Bupont) G Ui est/ PRACHA NE ) RAR FRERLE RABIRTE ka0 A0S ane)
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pol yvi nyl al c Detdware); Bwdioe! gudl o8Qocustippan gambYyPreferably, the dry strength binder
materials are selected from the group consisting of polyvinyl alcohol, starch based
resins, and mixtures thereof. The dry strength binder materials act to ensure that the
multi-ply paper products of the present invention have adequate dry ply bond

strength.

The polyvinyl alcohol component can be of any water-soluble or water-dispersible
molecular weight sufficient to form an adhesive film. Generally, a weight average
molecular weight of from about 40,000 to about 120,000, more preferably from
70,000 to 90,000 is preferred. Polyvinyl alcohol in solid form is commercially

available under several trademarks such as Evanol (DuPont), GELVATOL®

(Monsanto) VINOL® (Air Products) and POVAL® (KURARAY), These grades
have a degree of hydrolysis ranging from about 80 to about 100%. Those skilled in
the art will appreciate that lowering the degree of hydrolysis and the molecular
weight will improve water solubility but will reduce adhesion. Therefore the
properties of the polyvinyl alcohol will have to be optimized for the specific
application. A particularly preferred polyvinyl alcohol is Evanol 71-30, supplied by
the DuPont Corporation of Wilmington, Delaware. Evanol 71-30 has a molecular

weight of about 77,000 and degree of hydrolysis of about 99%.



.the DuPont Corporation of WI mngton, Del aware. Evanol 71-30 has a
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-by heating an aqueous slurry of about 4X consi stenc%/, of starch granul es at

- about 190 [ er#tpchesatushas denyleser ] 16P are praferablycsnfiichently cookedhtp indues swalling

m nutes. O her.exenplary,starc erjals Ich.may be ysed incl ude
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attached to nitrogen, available from National Starch and em cal Conpany,

(Bri dgewat er , gmyles shallieorsfarrag torast betng: fully ¢pokedd. Theconditiansefor alispessian nor e
expensi ve than unm)ﬂi fied sc? arches, the,latt erftgéa\é?argﬁnera | y

preforred. vet SSIPEhGHh VEISReRAINE pgp dhe Size'o Bednles) e Segree of

crystallinity of the granules, and the amount of amylose present. Fully cooked

amioca starch, for example, can be prepared by heating an aqueous slurry of about
4X consistency of starch granules at about 190 °F (about 88 °C) for between about
30 and about 40 minutes, Other exemplary starch materials which may be used
include modified cationic or anionic starches such as those modified to have
nitrogen containing groups such as amino groups and methylo! groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater,
NJ). Considering that such modified starch materials are more expensive than

- unmodified starches, the latter have generally been preferred.

Wet Strength Resin Materials

The adhesive composition of the present invention contains as an essential
component from about 1% to about 9%, preferably from about 1% to about 3% by
weight of a wet strength resin material chosen from the following group of
materials: polyamide-epichlorohydrin resins, glyoxalated polyacrylamides resins,

styrene-butadiene latexes; insolubilized polyvinyl alcohol; urea-formaldehyde;



The adhesive conposition of the present invention contains as an essenti al
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gl yoxal ated polyacrylamde resins, polyethyleneimne resins, and m Xtures
t her eof Pol yanifdepelyamideespidiyatohydriresiresinsar eglyenalated ¢ padyacsplamidgt hresims,j ns
whi ch have been found to, be of particular, utility. Suitable types of such
resins are ded9lyshBfeneimipe &esinsg DiRgyes thereph 623, i ssued on Cctober 24,
1972, and 3,772,076, issued on Novenber 13, 1973, both issued to Keimand
bot h bei ng hermiiyankiBe|pRAASH/riR Yedif £Qafi6nic Wk sGEABIR TediA whltH Habe BEer?
useful pol yam de-epichlorohydrin resin is Hercules, Tnc. of -WI mngton, DE,
whi ch nar ket s founxhta be bfipantindler utility. Suitabarypésofksuchresins &rs Mdsaribad Ky fkS.e

557LX, with Kypene Jerrt]. 557H, bei preferred. Preferahl e,

pol yami de- epi t‘?f’r‘oﬁ?d?ﬂrﬁ)o b ﬁssl:‘_?)‘ﬂ%ﬂ"i Ogtobgr %gt E}Pﬁg,op{lfﬁ%e’)l%é‘{%wﬁsped on -
reacti on produgdyetnaPRisC b7, i lidslied 7'Kefin WA BorP BLIH nreB§ b Harel By O
secondary am ne groups. The ratio of epichlorohydrin Yo setondary am ne
groups of sai defecdneanOde comnpreibb sairty of aousefil) polyathide-epichiotohyddiw wési?ig 0 1.
Preferably, the water-soluble. polyanmde .is derived froqm reacting

a
- pdl yal kyl ene p&rgalss. dac.pfVimingten 1% vhich preekets sushgasingundsr thadyademagks d
containing fr (012 O™ ot APty | 0 of

pol yal kyl ene f}g@ [ asi%%g?%gﬂgﬁe ac?gd’ﬂ“l% Wlﬁgﬁpg’gout as‘gs%)g;gé%{%%%gut 1.5
to 1. Preferably the saturated aliphatic dibasic carboxylic acid is adipic
acid and the [Rotfesdbyy,erthe ppblyamideeepichlatbbydrinl eresint rdoapirises /b statgrssefubleabl v,

t he wat er-sol ubl e | yam de contains recurrin roups of the fornula
polymcl,)rl% ¥eaction product o epichlorohydlgm,g amiJ pa water-soluble polyamide

having secondary amine groups. The ratio of epichlorohydrin to secondary amine
groups of said polyamide is preferably from about 0.5 to 1 to about 2 to 1.
Preferably, the water-soluble polyamide is derived from, reacting a polyalkylene
polyamine and a saturated aliphatic dibasic carboxylic acid containing from about 3
to 10 carbon atoms. Preferably the mole ratio of polyalkylene to dibasic carboxylic
acid is from about 0.8 to 1 to about 1.5 to 1. Preferably the saturated aliphatic
dibasic carboxylic acid is adipic acid and the polyakylene polyamine is diethylene
triamine. Most preferably, the water-soluble polyamide contains recurring groups of

the formula

wherein n and x are each 2 or more and R is the divalent hydrocarbon radical of the
dibasic carboxylic acid containing from about 3 to 10 carbon atoms. Resins of this

type are commercially available under the trademarks KYMENE ™ (Hercules, Inc.)

and CASCAMID® (Borden). An essential characteristic of these resins is that they
are phase compatible with the polyvinyl alcohol, i.e., they do not phase-separate in

the presence of aqueous polyvinyl alcohol.
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Conpany of Sttrademarls, such s fianto Reh3de by Yersanto Gampennp§ Sar Boujsniissbus.

described in LS. Pate 3, 855 15 ue n
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Petrovi ch on ikeegnhepettdvicH DASDefentider: Wﬁwﬂs@dgé QSf%sru@H't%hP@t'?oM idn 3.
1979; and 4, 222,921 issued to Van Eenam’on Séptenber 16, 198 al

i ncor por at ed Aeglest r12,bl/9'15eﬂdr2§;5@6 issBeq ox Fletrowith pol Emﬁeadﬁd&?&eﬁm Jeéve
al so been found | str Si ns esins are
described in ‘F)‘“ﬁg tIga %tﬁ?‘" 3}%@6%9%@79 %%‘Eg%tzgrﬁzﬁaﬁﬁua‘?dyt% anjgoqamqn -
:Coscia, et alge ?@t&glgs eII%SQQQﬁ%lhﬂC%? teH'}xellé?H E/éf?% e 1971, to Wllians et

-al ., both pate ng | néorpora herel n erence. One conmerci al
- séurce of polyacrylamide resins is Anerican Cyanamid Co. of Stanford,
Connecti cut, Glybxtianedrpcéyacr)dmidsutekins dave alsodbeent fwnﬁrmdberwfmtm @s [veetr |

631 NC. Still other solublectlon in iljty in this
i nvention ar eSt{ﬁ‘g'j‘ ’FB‘P?ra 'lfé?\!/’?fé“seﬂ’iﬂ ‘Qﬁ& Hé%?%nﬁﬁi d:gsgég%rsgs ©Mor e
common functiQR@lry 91r90q9’?1 ab Eoene ePal. BABHVBCHGJ@B' 1£su§d 'Bﬁ Y3h&ar)i 19! 9691 to

cont ai ni ng groups suth as anmi no groups and méthyl ol groups attathed’t
ni trogen. Pol Williims eeti al.nebatly ppatertsi beingmincorporated herein by reference. One

commercial source of polyacrylamide resins is American Cyanamid Co. of Stanford,

Connecticut, which markets one such resin under the trademark Parez ™ 631 NC.

Still other water-soluble cationic resins finding utility in this invention are urea
formaldehyde and melamine formaldehyde resins. The more common functional
groups of these polyfunctional resins are nitrogen containing groups such as amino
groups and methylol groups attached to nitrogen. Polyethylenimine type resins may

also find utility in the present invention.

Pigment

As discussed in the Background of the Invention section above, it is desirable to
provide a user with an indication that desirable properties, such as wet ply bond
strength, are maintained when adhesively laminated paper products are wetted. Also
as noted above and described in aforementioned U.S. Patent application Serial No.
08/749,708, the disclosure of which is incorporated herein by reference, laminating

adhesive compositions comprising titanium dioxide (TiOy) provide such a signal.
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The rutile formis the nost opaque due to its higher refractive index.

Tabl e 1 bel ow iederpef pigmenis commrandy ised in thtepaper indiginent s conmonl y used in

t he paper industry. Table 1 Conpound Ref-racti ve | ndex
Ti tani um Di oxi de Rutile ' 2. 7% lﬁnellt ase 2.55 Kaolin
Clays Filler 1.57 Cal cined 1.57 Cal ci um Car bonat e
Nat ural G ound 1.56 PCC-Calcite . .66 Talc
1.57 Precipitated Silica ____L_Com oun 1. 45 | Reffagti X making art it
is known that a given oppglatn EAdkiiyPi cally be achieved w th about 15-20%
|l ess rutile that anatase. Titanium di oxide is commercially available in
both a dry powder formand as a Rutile 2.72
Anatase 2.55
: Kaolin Clays
! Filler 1.57
Calcined 1.57
Calcium Carbonate
Natural Ground 1.56
PCC-Calcite 1.66
Talc 1.57

Precipitated Silica 1.45

In the paper making art it is known that a given opacity can typically be achieved

with about 15-20% less rutile that anatase.

Titanium dioxide is commercially available in both a dry powder form and as a
slurry in water. For purposes of the present invention, the water slurry form is
preferred because of ease of mixing with other components of the present adhesive

composition.

In order that TiO remain suspended additional, additional components are included
in commercially available TiO slurries. In particular, dispersion aids are used to
insure that suspended TiO7 particles do not flocculate and settle out. Dispersion
aids are of two types: stearic stabilizers and electrostatic stabilizers. Stearic
stabilizers surround the suspended TiO; particles with an absorbed layer of a
polymer. Stearic interaction between the polymer layers on different particles

prevents the particles from approaching closely enough such that they can



slurry in water. For purposes of the present invention, the water slurry
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are quite viscous because of the adsorbed |ayer of polynmer. Titanium
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themw th a charged species. Such spegi es can ei.t her ,catiopic or .

ani oni ¢. | BecadLERLAE FreerHan L aRiE Y & SR, fibn sieonalc Suffension cn
both require gy anite Sodiih i RYyacAlatk REErHRHAACT T2 Pat&t4 908, 72 i6Kied i the €S
are uncommon. An exanpl e of da suitable anionic electrostatic suspension aid
i s the sodi umnaoleyefcFarrart et dbsur Macch 50 1985, Surlit @ materidh 08 availablei asDéspex n

the name of F , et.al. on rch..5, ~1985. C terial is available
as Di spex MO&@\W&B@E‘“@%&WO@’%‘ FP@B%&BFSB&%@, ‘Suffol k, VA Using
such a dispersion aid, the Applicants have devel oped an anionically

stabilized Ti Qs sich¥ dibjiesios aRlU tHeARbSlichts HIFE dbveldir AMcHidRy stabilized
» cadnposi tions ?;mt ecpr eslib’r:lb{rs‘i nSeht i on.]ﬂl'lgheSTi 2 sl urﬂr}? conpr ilse)s’ s(aaf lIze

per cent ages arkOpysluwey ghat)is sajtable for mamiinirtheliadhésiee emhpaiitions of the present
49. 6% (avai |l abl e f.rom,Ker.r Gee Corp. of Oklahoma City, as TRONOX CR
834) b§ anixg@ﬂoa{i}&fgpﬁurg\y aompxj?ses ?all percentages are f)}y wex%lgt): 0. 4% (t he
af orenmenti oned Di spex N40OV)

a) titanium dioxide solids. 49.6%

(available from Kerr McGee Corp. of
Oklahoma City, OK as TRONOX CR 834)

b) anionic dispersion aid 0.4%

(the aforementioned Dispex N40V)
c) water 50.0%

An alternative, commercially available TiO9 slurry is Ti-Pure® RPS Vantage Rutile
Paper Slurry which is available from the DuPont Company of Wilmington, DE.

As noted above, a preferred wet strength resin, Kymene™™, is highly cationic and,
therefore, when Kymene™ is combined with most anionic TiOs slurries it will
quickly bind to the TiO particles causing stratification and gelling of the adhesive
composition. Surprisingly, the Applicants have found that by: 1) adjusting the pH of
the wet strength resin solution such that the pH is greater than 7 and 2) prediluting
the TiO9 slurry with the dry strength binder solution before adding the pH-modified
wet strength resin solution, adhesive compositions having TiO; stably suspended

therein can be provided.
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m xi ng when a@®hsapt)t he cationic wet strength resin and the pH of the
cationic wet strength resin when it is added to the conposition al so
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wet strength Plsi o THedeh of iife e gadPERRT taiohiery ey g faf e it ©
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Ti® slurry. As used herein, the term"isoelectric point™ is the _
whi ch t he chadyengformatioriofrdhssive cpmpesitiensocomyrising acapivhivt wettsrength resin

electrostatic aitd gr? iarlxiiorznacglsyosr}abqﬁzcegaﬂbz@uw 'llf'ues interac lgrrxr?na?l%% eg)cg{a}nieg Iine terms
of the isoelectric point (IEP) of the TiOy slurry. As used herein, the term
“isoelectric point" is the pH at which the charge of the TiO5 slurry is zero. At this
point, the electrostatic stabilization mechanism may be overcome and particle
flocculation may occur. Electrostatically stabilized TiO5 slurries are typically made
up with a pH between 8 and 9 (i. e. well away from the IEP of about 4 to 5).
However, when a cationic wet strength resin at an acidic native pH (Kymene pH is
approximately 4.5) is added to a solution of a nonionic dry strength binder with
TiO7 particles suspended therein during formation of an adhesive composition,
localized portions of the mixture may approach the IEP of the TiOy due to
incomplete mixing. One indicator of such behavior is a rise in viscosity as the
cationic wet strength resin is first introduced and then, with further mixing,
viscosity drops back down. The criticality of turbulent mixing is obvious in that, if
sufficient mixing is not maintained, the TiO may agglomerate and settle out
whenever the IEP is approached. The rise in viscosity as cationic wet strength resin
is added makes it very difficult to maintain the level of agitation required to prevent
localized regions of low pH. By adjusting the pH of the cationic wet strength resin

solution so that it is greater than the IEP of the TiO7 slurry, preferably so that it is
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for roughly ten mnutes using an inpeller type m xer.
Concurrently, sufficient sodium hydroxide is added to the Kymene™ 557H solution
to adjust the pH thereof to approximately 7. The pH-adjusted Kymene™ 557H
solution is then added to the polyvinyl alcohol/TiOy slurry with vigorous mixing.
Mixing is continued until the viscosity of the adhesive composition stabilizes.
Preferably the pH of the final mixture is at least 7.0, to yield a proper cure rate for

the Kymene™.

An alternative method of producing the adhesive composition has also been found
to produce adhesives suitable for use in laminating multi-ply absorbent paper
products. The steps of this alternative process use the same starting materials as

described above. In this alternative process the order of addition is as follows:

a) The pH of the Kymene ™ 557 H solution is adjusted to approximately 7
by the addition of sodium hydroxide.

b)  The pH-adjusted Kymene ™ solution is added to the TiO5 slurry with
mixing. Mixing is continued for at least 10 minutes to insure the blend is

homogeneous.



Concurrently, sufficient sodiumhydroxide is added to the Kynene[err] 557H
sol ution | Ust the pH thereof to approxinmately 7. The L uUst ed )
Kynene|[ eﬁ?gggdﬁfsol ution is then added to the pol yvinyl aP?—B&gﬁ@ﬂﬁ err]
slurry-with vigorous mxing. Mxing is continued until the viscosity of the
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sane starting materials as described above. In this alternative process the

order of addition is as follows: a) The pH of the Kynmene [err] 557 H
solution is adlamiBatien, approxi mately 7 by the addition of sodium
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pol yvi nyl al co esive. esive conposition al'so conprises

Ti @2 solids. Amnindtivd aldhasive tfbe mdhieplyvabsebaes papednpraductsheThE esdhetive
invention are suitable for use as a | am nati on adhesive for multi-pl g
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preferably between about 6 and about 20 grams per 3,000 square feet. For an
preferably between about 6 and about 20 grams per 3,000 square feet. For an
adhesive composition having a constant amount total solids, as the amount of
water-soluble cationic wet strength resin making up the constant total solids
increases, generally a lesser quantity of the dry strength binder component may be
applied to the ply. Alternatively stated, for a constant percentage of wet strength
cationic resin relative to the dry strength binder material, as the quantity of total
solids in the adhesive composition increases, the quantity of total solids applied to

the ply generally increases.

A three-roll adhesive application system may be used to apply the adhesive
compositions of the present invention. Using this system, adhesive is picked up as a
film on the surface of a pickup roll. The adhesive film is then split in the nip
between the pickup roll and a metering roll. The portion of the film remaining on
the metering roll then transfers to an applicator roll Where the adhesive film is again
split. The film remaining on the applicator roll is applied to the embossments of a
paper ply. The embossments of this ply are then brought in contact with another
ply. The plies are adhesively joined together in the nip of a set of conventional

marrying rolls.



adhesjve conposition having a constant amount total solids, as the anount
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bi nder material, as the quantity of total solids in the adhesive

conposi ti on i nOf eaurss,, tht hdhepirnenmay Ye appliedttalths einbdsmepp!in ady dthet hanpdryas
general ly increases, A thr ee_t]EO” adhesi ve applicajion sgéaem may be used

to apply the aﬁ'l‘?egFUelf'{f’BYPpH%i ¢ 3fis 2t 1t rAMERAIL e ¥ e .°f_l3§1‘ﬁ)éd°tl?ﬁ°§
system adhesi UbbsSirk) ﬁ"éﬁ&éﬁigi ta§.@eﬁ.' |SBe! g@,eé%f gﬁ@acgel‘i% usg it Fir{gglgeé

The adhesive filmis~t in the nip between

netering rol | . fidtographid, isprayaisteins, grature spstems)isoen Pribtivgs syetenis 0welDAd thehen
transfers to an applicator rol]l where the adhesive filmis again split. The
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As the spaci ngcamngsbsitiotetoche plye pr ot uberance decreases, a greater anount of
~adhesi ve may be applied to each protuberance for the enbodi nent descri bed.
The anount of adhesive may be increased either by using a relatively
greater adhesi ke tesuiting papsitrspdugt aceardingdn dhe presend inyestian eamprises planipateyi ng

a |l arger quant} f t [ 0S4 ti tQ. t Ly. ..The resultin
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invention is a paper towel having a wet ply bond strength of at least about 4.5

grams per inch, and more preferably at least about 4.7 grams per inch.

The resulting paper product also preferably has a dry ply bond strength of 4.0 to
20.0 grams per inch, and more preferably 5.0 to 15.0 grams per inch. Wet and dry

ply bond strengths are measured as follows.

Dry Ply Bond Strength

Samples of four finished paper products are provided. One three inch strip running
the entire length of the sample is cut from the center of each sample. Two of the
strips are cut in the machine direction and the other two are cut in the cross
machine direction (i.e., between perforations in the machine direction or between
edges in the cross machine direction). The strips are separated slightly along either
of the three inch edges, so that each ply is available independent of the other. The

plies are manually separated until the sample has a gage length of two inches.

Each ply is placed in the jaw of a tensile machine. A suitable tensile tester is a
Model 1451-24 supplied by the Thwing/Albert Corporation of Philadelphia,

Pennsylvania. The crosshead separation speed is set at 20 inches per minute and



of two or nore plies. Preferably, the paper product according to the

pr esent 'Wb@ﬂisb&'i‘ is a paper towel having a wet ply bond st ‘i-ﬂ%%}

| east about 4.5 granms per inch, and nore preferably at |eaSt a

grans per inch. The resulting paper product also preferably has a dry ply
bond strength of 4.0 to 20.0 grans per in and nore preferably 5.0 to
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A single sample of the paper product is provided. The sample is aged at least two

weeks after converting, in order to allow adequate cure time for the adhesive

composition.

A three inch strip is cut from the center of the sample in the machine direction. The
strip runs the entire machine direction length of the sample (e.g., between

perforations).

The plies are separated along one of the three inch edges of the sample. The portion
of the sample which has not been separated, i.e., the portion which is not to be
placed in the jaws of the tensile machine, is immersed in distilled water. After
immersion, the sample is immediately removed from the water and allowed to drain
for 60 seconds on a draining rack. The draining rack is provided with a nylon wire
square mesh. The wires forming the mesh are 0.015 inches diameter on a pitch of
0.25 inches. The drying rack is oriented at an angle of 45 degrees relative to the
horizontal. While drying on the drying rack, the sample is oriented so that the
longer edges of the sample are downwardly aligned with the slope of the drying
rack. The separated edges of the ply are brought back together in the drying rack so



Increase the apparent ply bond strength. If either of the aforenentioned
cont act wegsedgl t he data point is to be discarded and a new¢rasspbass est ed.
Wet Ply Bond Strength A single sanple of the paper product is provided. The
sanple is aged at | east two weeks after converting, in order to allow
adequate cure tinme for the adhesive conpaosgtion. Athree inch strip is cut
fromthe center of the sanple in the machine direction. The strip runs the
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rackcording to the present invention is illustrated bel ow The paper products
made from t woensl & ewjartaxisedf] @086 inshes, Feminos axispfLOFbinchesandda prot

b d t | t ed by, The P t & Gamby . f Cinci ti,
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percent nort hgdnzeseict diaPen&paktern 3 P4T Q6hreeTo¥ch 8NAbout 0.118 inches. The

protuberances comprise about 10 percent of the area of each ply. Two

complementary plies are made and joined together at a zero clearance marrying nip,
so that a unitary laminate having 42 + 3 protuberances per square inch per ply is

formed.

An adhesive composition, prepared as described above, is applied to the
protuberances of one ply. The total solids of the adhesive composition is applied to
the paper product. The resulting paper product has a wet ply bond strength of 5.1
grams per inch and a dry ply bond strength of 10.5 grams per inch.

In Table 2 the wet ply bond strength and the dry ply bond strength of paper towel
products according to the present invention are compared to other commercially

available paper towels.




has a bafiz MﬁLght_of 14 pounds per 3,000 square feet. Each ply is enbossed
in a nested enbossing process by elliptically shaped prot r aving
at the dWVO8S08d a major axis of 0.076 inchgs, apm' ngr a§?§@&§ﬁ6€8 )
inches and a protuberance height of 0.070 inches. The protuberances are
spaced in a two/three conplenentary concentric dianond pattern on a 45
degree pitch of about 0.118 inches. The p?%tuberances conpri se about 10
percent of the area of each ply. Two co b ntary plies are nmade and

j oi ned together at a zero cl earance narﬁg ﬁanip, so that a unitary

| am nate having 42 [err] 3 protuberances per squ i per plyi med.
An adBesi ve corr][)osi tion, prepared as descri bed a%@ﬂiﬁg appl i ethli'l%Iﬁ%
prot uberances of one pky e tot i of the ive conposghnNay i S
applied to the paper producrt. Theﬁ%ne‘g%t'%r?ﬁg paper %@o uct has a V\Et ply
bond strength of 5.1 grans per inch and a dry plS§TRENGTS r engt hNSTRENGTEH

grans per inch. In Table 2 the wet ply bond strength and the dry ply,bopd
strength of paper towel products according to th@rﬁgg‘é& i nven 3’8W¥/§}°85]

conpared to othetr,_co rci.al ly avai,l paper toweks. WO 98/-50
PCT/ USO8/ 00148 2BTeFEBI BVaiReT pr y Wsfiphet DRY PL%ﬁBRAND 65
Manuf act ur er * . BOND STRE H S NGTH
(granms/inch) ( ¥nch) Pr&SUERee hvention >/ Assignee 14
5.1 10. 5 BOUNTY* . Assignee 3.7
14.7 BRAVNY* BBAMNYRj ver JamesRiver 37 3.1 101G:1
SPARKLE* CGeorgi a Paci f*i (o 3.0 7.0 MARDI S GRAS*
gt. Howar d SPARKAE Georgia Pacific7. 6 VI VA 3.0PLY* 7.0cot t
3.0 4.4
MARDIS GRAS* Ft. Howard 3.4 7.6
VIVA 2-PLY" Scott 3.0 | 4.4
HI-DRI* Kimberly Clark 3.4 5.5

* Data from U.S. Patent application Serial No. 08/524,316

Each of the wet and dry ply bond strengths in Table 2 represents an average of at
least five samples. Of course, for the dry ply bond strength test, each of the five

samples represents an average of four test specimens.

Variations in the disclosed structure are feasible. For example, one of the plies may
be embossed and the other ply not embossed. Alternatively, neither ply may be
embossed. In this embodiment, the two plies are joined together by discrete or
continuous deposits of adhesive. Both the adhesively joined areas and the non-

adhesively joined areas of each ply would lie within the plane of that ply.

The disclosures of all patents, patent applications (and any patents which issue
thereon, as well as any corresponding published foreign patent applications), and
publications mentioned throughout this description are hereby incorporated by
reference herein. It is expressly not admitted, however, that any of the documents

incorporated by reference herein teach or disclose the present invention.



HI - DRI Ki mberly Cark 3.4 5.5 * Data from
‘U. S. " Pat &Y 9%§M481 cati on Serial No. 08/524,316 Each of the REI/GHIYOUAY ply
bond strengths in Table 2 represents an average of at |east five sanples.
O course, for the dry ply bond strength test, each of the five sanples
represents an average of four test specinm®#¥s. Variations in the disclosed
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however, that any of the docunents incorporated by reference herein teach

or disclose the present invention. WD 98/ 50481
PCT/ US98/ 09148 21 While particul ar enbodi nents of the present invention
have been illustrated and described, it would be obvious to those skilled

in the art that various other changes and nodifications can be made w t hout
departing fromthe spirit and scope of the invention. It is therefore
intended to cover in the appended clains all such changes and nodifications
that are wthin the scope of this invention. WO 98/ 50481

PCT/ US98/ 09148 22 What is claimed is: 1. An adhesive conposition for

.l'am nating an absorbent paper product, said



adhesi ve conposition conprising: fromabout 2% to about 6% by weight of a .

wat er - sojvidsmosyr di spersible dry strength binder material pcirrusosedigsit 1% to
about 4% by wei ght of a water soluble, cationic wet strength resin; from

about 18% to about 25% by wei ght of a pignent suspended in said adhesive
conposition; and from about 65%to about 49% by wei ght water; characterized
In that, when said conposition is forned, "Said cationic wet strength resin

is provided a r _sol.ution having a pH, said pignment is provided as a
slurry havi ng%ﬁaty\g‘g%@e@t’%‘i c point and said pH of said water solution of
said cationic wet strength resin is adjusted to be greater than said

| soel ectric point before said water solution of said cationic wet strength
resin and said pignent slurry are conbi ned. 2. An adhesi ve conposition
according to @ ai Anladieivel orbpdsiicd forSlafimiging 4 abibeiet@ipealproductekaidt ed
fromthe group conilgl St i ng of .Eol gvi nlgl. al cohol, pol yvinyl acetates,

car boxymet hyl cel PEIGYE CPROPHEON LPTBPRHNE ased resins, and mixtures thereof.
3. An adhesi ve conposition according to any of the above clains wherein
sai d wat er-sol ubl e clidmabouat 2%30 mbowt 626 by oveight fof arwatéresolpbleipr dispersibleidry of

pol yam de- epi chl oro, I i : @l oxal at ed pol yacryl am de resins,
pol yet hyl enei m ne re%%ﬁ&h%é%%?ﬁ%nuages t hereof. 4. An adhesi ve

conposition according to any of the above cl aj s erein sajd pignent is
sel ected fromthe gri®ep %Hgil% thgbent ‘é"ﬁa‘?yaé"é’géﬁ(ﬂ’wn@uwmé.“@LE" CAPMG ¥t bent
paper product, said fapgth iesipduct conprising at least two plies of paper,
wherein said plies are adhesively | am nated using an adhesive conposition

";‘,g,?r}) [nggg? 0t9(i 4gng 30f itrg't% a%ggé/ ?8%' (%i dBout 25»9))9 We%%%} a pigment suspended in said

adhesive composition; and
from about 65% to about 79% by weight water;

characterized in that, when said composition is formed, said cationic wet
strength resin is provided as a water solution having a pH, said pigment is
provided as a slurry having an isoelectric point and said pH of said water
solution of said cationic wet strength resin is adjusted to be greater than said
isoelectric point before said water solution of said cationic wet strength resin
and said pigment slurry are combined.

2.  An adhesive composition according to Claim 1 wherein said dry strength binder
material is selected from the group consisting of polyvinyl alcohol, polyvinyl
acetates, carboxymethyl cellulose resins, starch based resins, and mixtures
thereof.

3.  An adhesive composition according to any of the above claims wherein said
water-soluble cationic resin is selected from the group consisting of polyamide-
epichlorohydrin resins, gloxalated polyacrylamide resins, polyethyleneimine
resins, and mixtures thereof.

4.  An adhesive composition according to any of the above claims wherein said
pigment is selected from the group consisting of anatase and rutile.

5.  An absorbent paper product, said paper product comprising at least two plies of
paper, wherein said plies are adhesively laminated using an adhesive
composition according to any of the above claims

R )



6. An absorbent paper product according to Claimb5 wherein said adhesive

conposi t iR 98/8048ppli ed to said paper product at a |evel of dRed }391,% 3to
about 85 grans per 3,000 square feet. 7. An absor bent paper product
according to Cainms 5 or 6 wherein at |east one of said plies has
enbossnments thereon, said enbossnents extegqding outwardly fromthe plane of
said ply towards and contacting said opposite ply, said plies being joined

toget her at said &M@ﬂﬁeﬂﬁ papét- prodfitt n 5P el copding to
Claims 5, 6, or 7 wherejn.sai IfZImer % c:*}%ci{ﬂg fo Qﬁ'a?)ﬁ 2 &?'g‘lfj@ shid” adhesive
composition is applie to said paper product ata evel of from about 3 to about

85 grams per 3,000 square feet.

7. An absorbent paper product according to Claims 5 or 6 wherein at least one of
said plies has embossments thereon, said embossments extending outwardly
from the plane of said ply towards and contacting said opposite ply, said plies
being joined together at said embossments.

8. An absorbent paper product according to Claims 5, 6, or 7 wherein said paper
product is a paper towel.
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