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PAPER PRODUCT COMPRISING ADHESIVELY JOINED PLIES

FIELD OF THE INVENTION

The present invention relates to cellulosic fibrous structures such as
paper products, and more particularly to paper products having multipie
plies which are adhesively joined together.

BACKGROUND OF THE INVENTION

Paper products are 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. Qutboard of the



Ti ssue paper products may conprise a single ply, but frequently 25
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linters, rayon prg@aastréngfshd'Borhess péspediibety wood pul ps, such as
sof t woods (gymmosperns or coniferous) or hardwoods (angi osperns or
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pulps, such as softwoods (gymnosperms or coniferous) or hardwoods
(angiosperms or deciduous), which fibers may be recycled. The balance of

the fibers may be synthetic, such as polyolefin or polyester.

in

20 Cellulosic plies are frequently joined together by the use of an
adhesive. Adhesive joining of cellulosic plies is advantageously described
in commonly assigned U.S. Patent 5,143,776, issued September 1, 1992 to
Givens, which patent is incorporated herein by reference.

However, adhesive joining of muitiple celiulosic plies in a paper

25 product can, and 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 necessary to separate two adjacent plies from one another as
described below.

30 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

35 the wet ply bond strength increases to the proper level, the dry ply bond
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product can, and has, led to unsatisfactory performance. Particularly,

paper products used as paper toweling, facial tissue, and bath tissue
nmust have the proper ply bond strength. As used herein, "ply bond
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The present iwenti on provi des 1 aper product
conprising at |east two nmacroscopically nmonoplanar plies joined in face-to-

face rel ationship. Thehedlpréientirvention Provides acmaitily Sellulosio paper PHORRY S

mxture of O bbMBrising at AR i FaBreiEapiE s SERORBAAC Bk Hitedp tbetio®
wat er - sol ubl e orfasetrelationship. The plies)ere; joined tn pne HISHNG 88raqueous i al
sel ected from t hadiesiie® composition, said aqueous adhesive composition comprising a

15 mixture of :

(a) from about 2% to about 6% by weight of a water-soluble or water
dispersable dry strength binder material selected from the group
consisting of polyvinyl alcohol, starch based resins, and mixtures
thereof;

20 (b) from about 1% to about 8 % by weight of a water-soluble cationic
resin selected from the group consisting of polyamide-epichiorohydrin
resins, glyoxalated polyacrylamide resins, polyethyleneimine resins,
and mixtures thereof; and

(c) from about 89% to about 85% by weight water.

25 Wherein the total solids content of the aqueous adhesive composition
ranges from about 5% to about 11% by weight, preferably from about 5% to
about 8% by weight, the solids content being the combined weight percents
of the water-soluble/dispersable dry strength binder material and the water-
soluble wet strength resin.

30 The aqueous adhesive composition of the present invention is in the
form of a solution or stable dispersion.



consi sting of polyvinyl alcohol, starch based resins, and m xtures

t hereof ; 20 (b) fromabout 1%to about 9 % by wei ght of a

‘wat er - sol ubl e cationic resin selected fromthe group consisting
of pol yam de-epi chl or ohydrin resins, glyoxal ated pol yacryl am de
resins, polyethyl eneimne resins, and m xtures thereof; and

(c) from abgut 0 to about 95% by wei ght water. 25 cT8k Flokh t he
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Preferably, the water-sol ubl e/dispersable dry strength binder materi al

i s polyvinyl alcohol and the water-soluble wet strength resin is a

pol yam de- 5 e[Preferablphatileast oaeiof.the plie§ has embd¥siienits ithereofit witiast

one of the pli wﬁc"& ]
ext endi ng out vvaqrﬁgjaﬁ?rom the ane@tﬁ%émgi_%otmhgrp émo??ﬁ)%%m%%ti ng
the opposite pl8n é*vmaﬁmse@e fte Py aH8 Pligs arepr Iy, iginggd together at; ¢
enbossnment s wi tsaidrenaspssmentsiaViths an caqueops sadhiesive campositiorr] described inlet ai |
herei nafter. Pr‘f‘{tgﬁ e ' | L P ' 10 to
t he paper produc aPQJaQY'TaéVdeE'I oé mtggﬁﬁéﬁ‘a‘fﬁ%&%@ﬁé@%‘wg@ﬁ , 000 |
square feeft® tothe paper produgt-ala leyebefiffom absut3 4o rbow-B5 arams pen 3,00nd
strength of at dgtapdfeet. 4.5 grans per inch, and nore preferably at |east

5.0 grans per inch. The paper goduct further has a dry ply bond
strengt h pref er abl y'herpanef pgoduct zaeferatly hge anwepply bonshstrength of ak least

preferably from.5.glaing per ifch) ahdEmBRY pieférably ldtdeast 5.0 ANE pef MLHCT THEY
conprise two, t-JHp%?proOd’ucFRIrﬁ:eP.hb?E-dJE%or}J‘s%e%%%referamy from 4.0 to 20.0
15 grams per inch, and more preferably from 5.0 to 15.0 grams perinch. The
paper product may comprise two, three, or more plies. Thus, the paper
product according to the present invention has decoupled wet ply bond
strength and dry ply bond strength contrary to the prior art.

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

The present invention is described in more detail below.

TAILED TION OF THE INVENTION

While this specification concludes with claims particularly pointing out

and distinctly claiming the subject matter regarded as the invention, it is

25 Dbelieved 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

30 more restrictive terms "consisiting essentially of* and "consisting of".

The present invention comprises a laminate of two or more
macroscopically monoplanar plies. The plies are cellulosic, as described



product according to the present invention has decoupled wet ply bond
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both directi s,l'éﬁ'ﬁghéﬁs'ééﬁc uagy @%@% khap. or Ao o BsHe5 Margh ”
uni di rectional ehbiRBhimiTTsokhan, whichepatentszare incorporated héfein by irefereneg. be

made accor di ng tAnerAEEVRY), he sIay bk conveitioRBI diE udiné RolsB59, | Ssued
January 20, 1987 to Trokhan;ﬁor 4??91, 609, ?ogsuyzd l\/!alr'cﬁé "4, 1980 to

Trokhan, whi ch pat erftos the presentingentiohpeadteplyinaylyavecsd basis weight of about 8
Alternatively, 4g300Lha pref@iabh1 f &8 bbbl 8bb Squdd 188, bRk beferably
15 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

20 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, 1871 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.

25 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 roil having knobs which protrude 0 to 0.120
inches from the plane of the roll. The embossments. may be round, oval

30 shaped, or irreguiarly shaped.

The fibers comprising the plies of the paper product are preferably
cellulosic, such as cotton linters, rayon or bagasse; and more preferably are
wood pulp, such as soft woods (gymnosperms or coniferous) or hard woods
(angiosperms or deciduous). As used herein, a laminated paper product is

35 considered “cellulosic” if the laminated paper product comprises at least



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
15 has a conposition of hardwood and/ or softwood processed by any of the

means well known in the art. After the papernaking process which
fornms the ply is conplete, either or both plies may be enbossed.

Enbossi ng gy, pﬁP conpl i shed according to the knob-perisvehsseebossi ng
process illug?ra ed by comonly 20 assigmed U. S. Patent 3,414,459, issued
Decenber 3,1968 to Wells; the nest ed enbossing process illustrated in
U S. Patent 3,556,907, issued January 19, 1971 to Nystrand; or a dual
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20 Adhesive Composition

The plies of the multi-ply paper product are adhesively joined 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

25 (e.g., a fully hydrolyzed polyvinyl alcohol adhesive) and a wet strength resin

. (e.g., a thermosetting cationic resin). The dry strength binder and wet

strength resin are provided in an 89 to 95 percent aqueous solution or

- stable dispersion (i.e., 82 to 95 percent water), and preferably about a 92 to

95 percent aqueous solution or stable dispersion (i.e., 92 to 95 percent

30 water). Of the 5 to 11 percent total solids in the adhesive composition

specified above, 2 to 6 percent of the total solids may comprise the dry

strength binder solids. At least one percent of the total solids comprises the

wet strength resin. Each of these types of compounds will be described in
detail below.

35



products described herein. 10 I f wood pulp fibers are selected for

the multi-ply paper products of fhe present invention, the fibers may
be produced by any pul ping process i ncl udi ng cheni cal processes, such
as sulfite, sulfate and soda processes; and nechani cal processes such
as stone groundwood. Alternatively, the fibers may be produced by
conbi nati ons _of chem cal and nechanical 15 processes or e recycl ed.
The type, coWBi%&226n, and processing of the fibers ué’éﬂ” ?‘%
critical to the present invention. The hardwood and softmood fibers
may be Iayered throughout t he thickness of the | am nat ed paper

products or ei n.
Adhesi ve Corrporsrrut}? th éih&&d@%rt—:é'rﬁqr es of the mul ti-ply paper product are
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th tt
2t reﬁgrgtrﬁsses: Egﬁfccg}“lﬁgalh dr e?f"ﬁ 'Bﬂu gee #ﬂe Qggaﬁt%h (sych,ag,

st abl e digspersr RediBOND, 5320,t 2005, md(ﬁﬂso)vwadal)le fmtti Natidral =Starchaandt 92 92
r S :
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e b e oSS T M pocer 3R O ORRIER sieAIT N 2%\
strength bittler® Sﬁ QW Ry Sond strepgth.
The polyvinyl alcohol component can be of any water-soluble or
water-dispersable 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
20 alcohol in solid fom 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
25 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 polyvinyt 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 hydrolsis of about

30 99%.

In general, suitable starch for practicing the present Invention is
characterized by water solubility or stable dispersions and hydrophilicity.
Exemplary starch materials include com starch and potato starch, albeit it is
not intended to thereby limit the scope of suitable starch materials; and

35 waxy com starch that is known industrially as amioca starch is preferred.
Amioca starch differs from common corn starch in that it is entirely
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| nvention i har er | ﬁ r% | S I ons
and hydrophiﬁ cﬂﬁf‘"bsa a%ﬁgﬂ %%336 ahaut %’Pﬁjﬂb&% ch and
potato starch, atibutes. i Other exemplaoyt siam!emaid'la!s whleh @hgy benused ineluteope of
sui table star Chrﬁﬂiﬁﬁﬁd %hﬁomém& §ﬁ|on7@>§i/ar€i?é§‘ s&Eﬁ‘rﬁ‘ tﬁ$b°é rh&d ;36

i ndustrially as_am oca starch is ffersfrom

ef tar
comon corn staP R containing 95‘"&% F‘r"é'l %e amino gro% 550 groups
PCT/ US96/ 13982 attached to nitrogen, available from National Stas:h and Chemical

anyl opect i nzo Wh @oniiany? (BRAgeWatar, SNBWC Jeisay). 2! Oondidérhg? Mt OARK mbaibd
starch materials are more expensive than unmodtfied starches, the latter
have generally been preferred.

Wet Strength Resin Materials

The adhesive composition of the present invention contains as an

25 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; polyethyleneimine; chitosan polymers and

30 mixtures thereof. Preferably, the wet strength resins are water-soluble

cationic resins selected from the group consisting of polyamide-

epichlorohydrin resins, glyoxalated polyacrylamide resins,
polyethyleneimine resins, and mixtures thereof.

Polyamide-epichlorohydrin resins are cationic wet strength resins
35 which have been found to be of particular utility. Suitable types of such
resins are described in U.S. Patent No. 3,700,623, issued on October 24,



anyl ose. Various uni que characteristics of am oca starch are further
described in "Anmoca - The Starch from Waxy Corn®  H H Schopneyer,

Food I ndustries, Decenber 1945, pp. 106-108 (Vol. pp. 1476-1478). The 5
starch can be in granular or dispersed form Redi-BOND cones as a

di spersed ready to use material. G anular starches such as Anyl ose 1100
are preferab Lciently cooked to induce swelling of t . More
preferably, %e’s'}sﬁéfch granul es are swol |l emr, as by cooki ngf}%’?grsga%gﬁt j ust
prior to dispersion of the starch granule. Such highly swollen starch 10
granul es shall be referred to as being "fully cooked". The conditions for

di spersion i n get892aland 8772076, deﬂmddbm@lovpmbet M8, 4023 Wdth tissuedt torkKdim

granul es, the deﬂ@elﬁ'?tﬂfbgg{oiﬁ%%b% ogr;yor?{edttﬂf’r Uéei)r‘e%rhgf‘coﬂr&ume of

anyl ose present
prepared by heatQfifgy 'Qesﬁmgfomd’lib&ﬂ“ ﬁ)HQ!é#%e‘"@n@K/Mfmmtam.ch 15

granul es at abomeléﬂsreL ewmi;rF nddrRetst sutth fasiis) UnBeit WRe ra@dmEiks3RymBAe dMout 40
mnutes. ONer SEHPhA KybAd ™ SERLRI ) Rﬁmfghsh" §§¥Hg§eﬁ§§@r&g ndle

nodi fied cationiCc or anionrc starc es suc s th have

ttached Lo mtrgaont aenl: RS FERR %{ cCeRl Dnphiset 8 Water-
Conpany, (Bri dgg\%gﬁe]? %EW"SJPQ eya gﬁ ﬁpe??'ﬁ "'3' ﬁD‘H?tFT‘é‘Ef”ble
starch materi al gomammmvegmthamnemm flihecratio enfcﬂpmwrommatbt er
have general |

The aghe5| ve é’olgégéhdﬁr?faﬁgli@gi]oups o%sal |nvent “%Ee %ﬁgéb?n@géo"
essential cb ﬁi’of'* g[}‘o reﬁ&%@t? dervedofrem: o,
to about 3% by veacking af polyaliylener emgﬂmnesand nat eamsatedhaﬁ;ﬂlatlér divasice
fol | owi ng groupcafbom@5¢.aloan:aciﬁh &ah%&ﬁla%' :ﬁéa' at ed
pol yacryl am des _r esi but n gﬂ Vi nyI
al cohol ; urea-f8F ﬁ%r%%?’s(f@{ @81? '&ﬁjéﬁ? 4)?3“”53”9“@&

m xt ures t her eoBbowk bbdpah| Preferablyibe saturategt allphahc dibasicecarboxylic acidjbl e

c glt oni ¢ r ;rg? NS a8ipic* GERVand laHe O@b' .E%.@h%agbyﬁmr@gey Most

pol yet hyl enei ni Htépf?r@g)bynéhe d’ﬁ%eﬁ'? Fe8° mﬂ% taing recurring groups o “the

Pol yami de- epi chfasmebg/drin resins are cationic vvet strength resins ‘35 which

have been found to be of parti routility, | tabl e types of such
resins are described in U S Pﬁ‘?’é oHapHN} xﬁ@ i ssued on Cctober 24,

wherein n and x are each 2 or more and R is the divalent hydrocarbon
20 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 compatibie with the

polyvinyl alcohol, i.e., they do not phase-separate in the presence of
25 aqueous polyvinyi alcohol.

Base-activated polyamide-epichlorohydrin resins useful in the present
invention are also sold by Hercules, Inc. of Wilmington, Delaware, which
markets such resin under the trademark Kymeme ™ 450. Other examples
of commercial sources of base-activated polyamide-epichlorohydrin resins

30 are sold under the Santo Res trademark, such as Santo Res 31, by
Monsanto Company of St. Louis, Missouri. These types of materials are
generally described in U.S. Patent Nos. 3,855,158 issued to Petrovich on
December 17, 1974; 3,899,388 issued to Petrovich on August 12, 1975;
4,129,528 issued to Petrovich on December 12, 1978; 4,147,586 issued to

35 Petrovich on April 3, 1979; and 4,222,921 issued to Van Eenam on
September 16, 1980, all incorporated herein by reference.
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PCT/ US96/ 13982 1972, and 3,772,076, issued on Novenber 13, 1973,
both issued to Keim and both bei ng hereby incorporated by reference.
One commerci al source of a useful polyam de-epichlorohydrin resin is
Hercules, Inc. of WI m ngton, Del awar e, which markets such resins
under the tpxagemagds Kynene [err] s 557H and Kynene [ errdT 889843482 wi t h
Kynene [err] 557H being preferred. 10 Preferably, the

pol yam de-epi chl orohydrin resin conprises a water- sol ubl e pol yneric
reaction product of epichlorohydrin, and a water-sol uble pol yam de
havi ng secondary anGlyexgatmbsolyibqlarmded'eshsemmIalaOOhgdll ifound to be of

secondary am N, foad %m«am amie%mraé%a&haea‘lwsabat&nmé Lo 1

rom ab"“?eiégﬁéfaa PBRYER w@aﬁﬁzi I FosoBoel Al BSHRY o

di basi c dssuenk \dn Jaauary d@ntw'cﬁl. ny Williamso@tit al3 bothl(patmﬁ)cheuag ons.

Preferably the raime ﬂcglen (o] rhﬁ% iof acid
is from about 0 rPO Hefbin© P@fe to 1enE @ f‘ﬁa ee saturat ed
al i phatic di bas '%Hﬁ fesing:is "'% d é@ﬂ%ﬁe ponectiryl ene
pol yam ne is divhibly neenkets anersuch. radnbsmderthetraﬂemm Parez ™ 881 MGt er - sol ubl e
pol yam de contai ns recurring groups of the formul a

- NH( C] er r ] H er r ] HN) $tt pthecwyates-soluble caippicdesing finding, utility: ins this inveptionor e
and Ris the dlatel érela formialiohyie nart) melaminea fornfaldéhydei fesiisc Thebmere i

e commer &l rGPrh Mtonh) Srobfe (B Wikhe polyriHcbBhal, tisind B, nilrfhgn Y PC
Inc.) and CASCAMnifiaing|groups suel) as/aminegraupspnd methzlnhgwpsratwhed & these

resins is that difiegern’ Poljelinfensimine typel resist May Mso find uliltl i ithe lprédenehol |
I.e., they do r}gt rm&gse separate in the presence of 25 aqueous poI yVi nyI

al cohol . ase-activated pol yam de-epi chl orohydrin resins useful

in the present By W\?}grﬁf‘ tho?ﬁlﬁmﬁigséxéiﬁbﬁ e Heﬁééﬂlé’%oni SitioRs of the
W I m ngton, Dela

t h t Kk
Kynmenme[ err] 545@mﬁ'ﬁefn"§9§9ﬂ)l’5§y mmp’%ﬁ@i%@ gla??g'ﬂf 8?‘ °rra$ bl
base- acti vat ed dispersiohceontainingl tencperdentrsalids, and a)KYlaﬂeesoliﬁﬁl'h§9htl0mle
Santo Res tradesgntdinin mi‘éro%wsend?ﬁﬁplwaw sy plled\/ﬁﬂéﬁbieﬁt r@f St.

L M Th | | hed
08 “patent  Nod® %s%%owé@& <3he Binipshi: o Hely, mage. SR"GHr sopd 4 bhAgC "
3, 899, 388 | ssudwlywinybeaaleehalcl m&gwnel’% 55815and 52 panamtgquh%aed to
Petrovich o Dewiﬁbﬁbnﬂs?arelaaaed 43éémeu5ﬁ\6tm§w ih0a Fuitablet contaifér and Apri |

3, 1979; and 4, ?% §$iﬁgﬂbﬁn QuE‘ﬁBaéR iﬂ&ellertypéﬁﬁﬁtﬁ@eﬁre*&ab&%ﬁg’ al'l

I ncorporated h
pH of the mixture is at least 7.0, to yield a proper cure rate.
This example provides an adhesive composition having five percent
total solids, of which one percent is Kymene and four percent is a polyvinyl
25 alcohol adhesive. The adhesive may be applied to a ply at a total solids
quantity of 3 to 85 grams per 3,000 square feet, preferably 4 to 48 grams
per 3,000 square feet, and more preferably 6 to 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
30 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
35 generally increases.
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G yoxal at ed pol yacryl am de resins have al so been found to be of

utility as wet strength resins. These resins are described in U S. Patent

No. 3,556,932, issued on January 19, 1971, to Coscia, et al. and

3, 556, 933, ed on January 19, 1971, to WIllians et %&

pat ents bei n&’o%ﬁf'}ﬁjcorporat ed herein by reference. ﬁémgzsg%nerm al
source of pol yacryl am de resins is American Cyanam d Co. of Stanford,
Connecti cut, whi ch markets one such resin under the trademark Parez
[err] 631 NC . A three-%ll' hhésie ap bnsﬁlsté?h Qn&gﬂbboﬁ‘éé‘d feapp§ thendi ng

1 : hi
for mal dehyde. r @aREsV, Q'ngrtalsl%xs%abrﬁ@ﬁswm PEBR 5 g8t e of He sutece
pol yf uncti onal oéaipickuprell.nThe adkesive film sdhe:asphtmgttgmmbetvuezﬂhespndmpno

g7 oups and et ke daiBferib B e forton of Bie R RnaiifgYSH ihd BleFnge {vPe

resins may also tyin the, rese
way of a %onﬁ rrf?h'? "éﬁ?&‘ﬁ*ﬂ%m #h appl @ Hm%zﬁweoﬂ"k'ﬁegw shijt- esent

i nvention nay cTherfilmeaemainihg onrthe anpbcdltor rdbismppdled do tiv ebibessments of
di spersion cont ﬂié"k:@/gntﬁ@ Bﬁé‘é?ﬁetﬁ@dﬂjﬁls al% 91% ﬁg f il comakt withut | on

containing 12.5 t so Tap wat | ent terrper ture
is al SO provi deﬂﬁc"‘hﬁé Pl¥ihe JNGe Plies 1R 12 %ﬁ%"‘ﬁfd 'BPG Rothey

pol yvi nyl al cohobnvémlpaattmam@lnglmts[err] 557H, and 52 parts water. These 20
constituents are added together in this order in a suitable container and
m xed for rbughly t©Ohcaumsea: the adhesivesmaynbe @pplied o, thenembassments d» @bl y

tT Ee p:* of biher Mafiner eslﬁse welllknowh il ts aﬁanunebdn]gnmd for hestedt e.
IS exa e r Vi | C
npl e p §¥ mgrfo@nﬁ-% ee?hfé%fs rmne a% il ‘S"unBE@ E‘alb‘masme

total solids, one perc f'our percen

pol yvi nyl 25 aPEUW@F‘O%éM@gm%'m‘FHE %ﬁm& W?YWSM»@BVWB gys*grgs at a

total solids aswlastthémreé-raugystaﬁdysommova 000 square feet,
preferably 4 to 48 grans per 3,000 square feet, and nore preferabl y 6
to 20 granmsifper 3, the spacing and fsiger of the- mtuhemage\necmsps.satgrsmeﬁaV| ng

a constant anpuginouiff Bf %aheslﬁe Mdy be appledBUBhCIPf priiiRiraicdl Bt Ghe

nr oases, - gencPABDYMATT ésss'a@%ﬂlaﬁpﬁ %ﬁ%ﬁﬂ%ﬁeﬂlﬁ?&% ey bg w@xai%%?ﬁb%r

conponent nay bbBY a4Aing cal relatively greaterAndkesive isplids contantdin the adhgsive

constant per cené@ﬁposiﬁoﬂveir byldpphiiidla ddrgeP uantity of ther Rihdkivéccontpdshiondo y
strength bw V‘gmrlal as the quantity of total solids in the adhesive

conpositio the quantity of total solids applied to the ply 35
general |y increasesthe resulting paper product according to the present invention
comprises a laminate of two or more plies. Preferably, the paper product
according to the present invention is a paper towel having a wet ply bond
strength of at least 4.5 grams per inch, and more preferably at least 5.0
25 grams per inch.

Preferably the paper product according to the present invention further
has a alkaline wet ply bond strength of at least 4.5, and more preferably at
least 5.0 grams per inch. Alkaline wet ply bond strength provides the
benefit that if the paper product according to the present invention is used

30 with certain commercially available cleaning products, the plies will remain
joined together as a unitary laminate.

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.
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three-roll adhesive application systemnnay be used to apply the

adhesive. Using this system adhesive is picked up as a filmon the surface
of a pickup roll. The adhesive filmis then split in the nip between the

pi ckup woarhiizzand a netering roll. The _portion of the RGVURI/ENBX ni ng on
the netering 5 roll then transfers to aPrzappIicator roll where the
adhesive filmis again split. The filmremaining on the applicator
roll is applied _to the enbossnents of the ply. The enbossnents of
this ply are t hBnuBlv.Bond Strength: act with another ply. The plies are
adhesively joined together in the nip of conventional marrying rolls.
10 O cour seSamplesaafifesr finishenlypdper poaductsiateoproided ninesthees inchn any

other manner as sﬁfggruWﬁinh the Wifiird I%n?ﬁggﬁfv\hfgl f’éfﬁpls?s ‘éﬂgff&?a' {ge%ﬁihrfd?red&ﬁ“ ed

or knob-to-knob enboss rocesse ul t . adhes| ve
appl i cati on sysP¥mple: ntwgﬂgthﬂ SRR, ARSIt in theyna 'Q"yal'%ﬁ!?!' ﬂ!@bﬁt"é"@'}!’?em,
as wel | as tde ahe eat imltihe cyossemadhiner ditsotionbiies . betwéen perforationshin thpaci ng

and size of the cﬂﬁ‘lébamsﬁ &ngg?%g{ 8 &oss ’“%ﬁ"?{@ﬁ?ﬁé es@? aem sive

may be applied t0 each protube ‘i bed. The

! ] enpodt
anount of adhesBYips (¢ srparated slightly ajongcgither of the qﬁ@Pn’Q"‘& gdges,: $9 dnat
great er adhesi veaciviplylés aoailablé indepehdentdof thes other. The pliesidre ananwallyby

applying a lar ' | g, 20 the ply.
The Yeatl i ng. paopdtei 1 sdriie Ml Srysts BRERTT o Bk B0 11e PLY
nccording Lot he or e P B e crinel 1o SoaLS e
| S I RV, ) . . o
strengt hgof at t 943 %!ni‘i%‘g?“l%m'gi% %rtﬁﬂ"«?%'gl%'\éﬁmgﬁéf 5.0
25 grans per i fbiladelphia, Pennsylvania:r Ibecrosshegd sepammation apeedds setiah@0t o t he
Iore gstenz1 gnvggé i ﬁi&héé”p’eh@ﬁiputel andl‘?«%vélsa?bghéﬁ& #6in ?h Yniﬁélrﬁépﬁfétﬁhgéﬂﬁ.or _ ﬁte
S . 5, , l
wet ply bond st F‘%ﬁg?-ﬁbgﬁﬁ?%@@%ﬁ’é"“ f?r h!?iﬁé* ?'{S}Fﬂg? @P&ghgé%igiYﬁp@duct
accor di ng t¥5 t hfoussampies anetesteddn tensians cThe fourgumbers atesthenayeragedi tal | v
avai | abl e cl eangive @shglechl§ bontstiengBFreprésentativei of the product fromh whightditer as

a unitary lamn : The resulting paper product also preferably
has a dry ply bgoﬁfgsampless\wrgr{altcﬁof 4.0 to 20.0 grans per inch, and nore

preferably 5.0 to 18afé must bétkEh thEY the'Pomion/6f tha daniPie’ yé t6 B Sépdrate@ngt hs
are measured as b{l Otlhleown'sile machine does not contact the lower jaw or the lower
20 crosshead of the tensile machine. If such contact occurs, it will register on
the load cell and give a reading which is erroneously high. Similarly, care
must be taken that the portion of the sample yet to be separated does not
contact the portion of the sample having the plies already separated by the
tensile tester. If such contact occurs, it will falsely increase the apparent ply
25 bond strength. If either of the aforementioned contacts occur, the data point

is to be discarded and a new sample tested.

Wet Ply Bond Strength

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
30 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 sampie
(e.g., between perforations).
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Bond Strength Sanmpl es of four finished paper products are

provi ded. One three inch strip running the entire length of the

sample is cut fromthe center of each sanple. Two of the strips are
cut in the ngghyagi rection and the other two 5 are cut pciajshii36620SS

machi ne directi on |.e., between perforatinbhs in the machi ne

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 avail ablThei plisspareiseparated lalongt bre .of the thiéee inchr edgesnuofikie/

separated unt il JohfpieaThedish Bt #RC0EMABSHIPhad 16t bOGT SShardlld i, e

| | d | é
Penter Der o Nbudorton which is, et o beLpiagsr. i@ dawa o dhe tensieqmechion, i

Phi | adel phi a, Pdmmgrsediin alistiied waters s iAfted immeasioh) the sampié isSintrédiafely20
e e a0l oRt Helwhte? aniHiBivelr 8/Hra 1of a6 sgborid 84 31drd ,,%;Vgl 0

inches. Data is O ast Six I ncC

Al 15 four sarff {gpé?’?@éﬂge@*dst@ﬂ!‘ﬂﬁﬂ withna nylon; wire sauare mesh: ﬁEhe
averaged to witgs\formingithe thspIare 0c01S inthesdibmetet O PitdHPof 0/25 RHchkbe

roduct from whi
Ee t aken t hat thT(eHé g |n% LHneﬁ %gsanv‘?hglg g*(%g eggqrgpgorelatwe q%b(f}'et he
tensile machi ne Qmﬁ t ﬁtcﬁﬂpgﬂﬂbhﬁ Iﬂgj .hesample isoriented sodbathead
of the tensibe e lvnger eddessofthe sanbw:éremmmrdwfah héd with theb518pe Bf'the

the | oad cell h | ,
mist be taken ?W%Fﬂféo"ﬁ@ %?‘%%gééf’fé{e"éﬁ*% ot hack ety CF" ©
contact the porttl%ﬁfyéﬂg mtseéhiﬂt e §30Ppigy 'Sta#mqtbgsaossbb/aadmeaamweby t he
tensile tester. mrEMEsWSAﬂeﬂhﬂvlﬁ%ﬁ é%ﬁé parbd G B7S Pndriner,

ocour.the. éafim%?%?‘*‘@'éw*ﬁ%%ﬁh 55578 b o¥ e e 3808 °

Vet Ply Bon#5 St FBh pond strength. A single sanple of the paper product i s
b der o JP@J:SEQ&@*@W& erarmefR,of 505 napS” AT plede ApURnG o the
present invention is illustrated below. The paper products made from two
plies of cellulosic fibers as is commonly used in Bounty brand paper towels
marketed by The Procter & Gamble Company of Cincinnati, Ohio and the
20 assignee of the present invention. Each ply is made of 65 percent northem
softwood Kraft, 35 percent CTMP, and has a basis weight of 14 pounds per
3,000 square feet. Each ply is embossed in a nested embossing process
by elliptically shaped protuberances having at the distal end a major axis of
0.076 inches, a minor axis of 0.038 inches and a protuberance height of
25 0.070 inches. The protuberances are spaced in a two/three complementary
concentric diamond pattemn on a 45 degree pitch of about 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
30 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 in a quantity of about 8 grams per 3,000

square feet using a three roll system. The resulting paper product has a wet

35 ply bond strength of 5.4 grams per inch and a dry ply bond strength of 9.1
grams per inch. '



A three inch strip is cut fromthe center of the sanple in the machine
direction. The strip runs the entire machine direction |l ength of the sanple

(e.g., between perforations). WO 97/ 11226
PCT/ US96/ 13982 _ 13 The
plies are separated al ong one of the three inch edges of the sanpl e.

The porti onwsgF9miaRésanpl e whi ch has not b%en separ at ed, i .RCT/USOHE3982
portion which is not to be placed in the j of the tensile machine, is
imrersed in distilled water. After inmmersion, the sanple is imediately 5
renoved fromthe wate nd alloyed to drain for. 6Q seconds on a draining
rack. The draining hﬂi?gng p@pﬁ{/m wijﬁ%am@ﬂg% i’@’ RRsgRLinyention ag
wires forning tcompasd tarathér cmimercidllyavailable paperdowelspi t ch of 0. 25 i nches.
The drying rack is griented at an angle of 45 degrees relative to the
horizontal . While difpisiprapietassording gﬁgth%ereseﬂh@vsaim is madeusing adiveo t hat
10 the longer pementdbtal FolidsHohesive ccompositiond hid b | gyeadtwd iWedkgeaftdrope of

t he dryin The : r . back
together in ¥ Sohfiiling, A ﬁ%%é%ﬂ?%"e?%%,?@ﬁ%&%ﬁg¥. iR theas
possi bl e, and t B Bergent total solids gemnopitign and iw agedsfafcthese weekaraftervi ng
been prepared i gohvertingranner, the sanple is then tested in the
tensil e machi ne as descri bed above for the 15 dry ply bond strength.

A nonlimting exanple of one paper product nmade according to the

present invention is illustrated bel ow. The paper products nmade fromtwo
plies of cellulosic fibers as is comonly used in Bounty brand paper towels
mar ket ed by The Procter & Ganbl e Conpany of Cincinnati, Chio and the 2 0
assignee of the present invention. Each ply is nade of 65 percent northern
softwood Kraft, 35 percent CTMP, and has a basis weight of 14 pounds per
3,000 square feet. Each ply is enbossed in a nested enbossi ng process

by elliptically shaped protuberances having at the distal end a ngjor axis

of 0.076 inches, a mnor axis of 0.038 inches and a protuberance

hei ght of 25 0.070 inches. The protuberances are spaced in a two/three
conpl enentary concentric dianond pattern on a 45 degree pitch of about
0.118 inches. The protuberances conprise about 10 percent of the area
of each ply. Two conplenmentary plies are made and j oi ned together at a
zero cl earance marrying nip, so that a unitary |lam nate having 42 3

pr ot uberances per 30 square inch per ply is forned.



An adhesi ve conposition, prepared as descri bed above, is applied to

t.he protuberances of one ply. The total solids of the adhesive canposition
i S applT1ed to the paper product in a quantity of about 8 grans per 3,000
square feet using a three roll system The resulting paper product has a
wet 35 ply bond strength of 5.4 grans per inch and a dry ply bond strength

of 9.1 r inch. WO 97/ 11226 PCT/US96/13982

PCT/ UsSo6/ 13088 M1k 15 14 In
Tabl e I paper towel products according to the present invention are
conpared to other commercially avail abl e paper towels. Thi s
sanpl e according to the present inventi JABLE hade using a five per cent

total solids adhesive conposition and is aged two weeks after 5
converting. A second sanple according to the present invention utilizes a
six percent total solids conposition and is WROPLYr thr e DREELY after

converting. BRANDWD 97/ COMBANY/PLANT  BOND BOND
PCT/ US96/ 13982 STRENGTH 15 STRENGTH
TABLE | ; WET PLY DRY PLY
As 9.1
BRAND cnﬁf@iﬁﬁé PLANT  “SEISREP %80
Present Assignee 6.0 117
Invention
Bounty Assignee 37 14.7
Brawny James River 3.1 10.1
_-Sparkle Georgia Pacific 3.0 7.0
Mardis Gras Ft. Howard 34 76
Viva 2-ply Scott 3.0 44
Hi-Dri Kimberly Clark 34 5.5

Each of the wet and dry ply bond strengths in Table | represents an
average of five samples. Of course, for the dry ply bond strength test, each
5 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

10 adhesively joined areas and the non-adhesively joined areas of each ply
would lie within the plane of that ply.

It will be apparent to one skilled in the art that other embodiments and
executions are feasible, all of which are within the scope of the appended
claims.

15
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14.7 Br awny James River 3.1 10.1
Sparkl e Georgia Pacific 3.0 7.0 Mar di s
G as Ft . WeaTeaa226 3.4 7.6 RETIE99/13982,
Scot t 3.0 4.4 Hi - Dri
Ki mberly d ark 3.4 16 5.5 Each of the wet
and dry ply bond strengths in Table |I represents an average of five

sanples. O course, for the dry ply bond strength test, each 5 of the
five sanples represents an average of four test specinens.

Vari ati ongale: . di sc] osed structure are feasible. For exanple, one of
the pli es%aag'%gglggodg' sed and the other ply not enbossed. Alternatively,

nei ther phy R ndift pf GBRAIE pdper phoduct KGRy Fpiov '&fetf?ve%&gi Sfefdfif, | O ned
t oget her by dis rePe r _continuous,depos;ts§ .o 8e5| : 0 € 10
adhesi vel y jo?ﬁ‘FgH“ﬁﬁ"Bg'sP% H"PFE"@K&H? dn jhat i comprses.at isastdwen pl y
woul d |ie w trhacrostepigallyncmonoplanar pplies joined togethterwiinl face-tpfaecnt to
one skilled i i t i W ; u "%l are

f easi bl e, al l@l{(ﬂbﬁzliﬁg sgiraa?’s/l\né'gt H'liﬁg?gte e scgggs.?f %Pﬁteher usé d?ﬁ Eﬁ, ,gl ains. 15
WO 97/ 11226 adhesive composition, said aquecus adhesive compos?ﬁoopn aracterized in

PCT/ US96/ 1398hat it comprises a mixture of :

(a) from 2% to 6% by weight of a water-soluble or dispersible dry

strength  binder material selected from polyvinyi alcohol, polyvinyl acetates,
carboxymethyl cellulose resins, starch based resins, and mixtures
thereof, preferably polyvinyl alcohot;

(b} from 1% to 9% by weight of a water-gsolubie cationic resin selected

- from polyamide-epichlorohydrin resins, gloxalated - polyacrylamide

resins, polyethyleneimine resins, and mixtures thereof, preferably a
polyamide- epichlorohydrin resin; and

(c) from 89% to 95% by weight water,

wherein the total solids content of said aqueous adhesive composition
ranges from 5% to 11% by weight, said solids content being the combined
weight percents of said water-soluble or dispersible dry strength binder
material and said water-soluble wet strength resin.

2. The paper product of Claim 1 wherein said aqueous adhesive composition
is applied to said paper product at a level of from 3 to 85 grams per 3,000
square feet.

3. The paper product of Claim 1 or 2 wherein at least one of said plies has
embossments thereon, said embossmenis extending outwardly from the
plane of said ply towards and contacting said opposite ply, preferably each
of two said plies has embossments protruding towards and contacting said
other ply, said plies being joined together at said embossments.

4. The paper product of Claim 3 having adhesive applied to the embossments
of at least one ply, preferably said adhesive is applied to the embossments
of both plies.
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16 m . Amulti-ply cellulosic paper product having
L mpr 0¢ IEH' trenqt h, .. -.said muldi-ply paper product

char actterczed t conprises at | east two macroscopi cal |y
nmonopl anar plies joi F{d together in face-to-face rel ati onship, said
plies being joined to one another using an. aqueous adhesi ve

conmposi ti on, waakgiRgueous adhesi ve conposition characteri zegriussesnsgsz t hat
it corrprlsesamxture of : ( from2%to 6% by weight of a

wat er - sol ubl e or dispersible dry strengt bi nder material selected from
pol yvinyl alscohghe papsvipryductcef aams,of Claims 1-4 cwhénem/rmdhypolyahidel- ose

resins, starch %ﬁ&ﬂ%ﬂglﬁﬁnﬂ resuﬂ[}% eyt re acgl&ntyroduétrlﬁ %plclﬂ ﬁ#' y

ponV|nyI al coh r sol ubl e
cationic resin @odeat gglyamide containingm segendalyi GE“'HM Q‘ﬁﬂﬁ’orﬁ%r ﬁﬁ'or 8i ns,

gl oxal at ed pol yagichlopdhydrin to seconﬂa'ﬁl dine grolips Yeishid polgamidechbeing iffom and

m xtures thereo r pol yam de- epi chl orohydrin resin; and
(c) from 89%tof09r’5§ ﬁ{ﬁ@? ht water, - vvherel n the total solids content

of said agueous adhesi ve co 03| tion an frpm 5% to 11% by, wei ght,
sai d sol i ds &oni{lBAPaper Rpdugef(aim ﬁgﬁiemms "%‘"81592%{%/

wat er - sol ubl e oanﬁnsgmupshbntdhswaeﬂnrmggrbuﬁahaimgmefomEH al and said
wat er - sol ubl e wet strength resin. 2. The paper product of Claim1 wherein

sai d aqueous adhesi *NH§ nﬂzﬁHND)o-rCORCO-rs applied to said paper product at
a level of from3 tq 85 ans per are fet aper
product of d ai H?'f'%’r‘ ma ér#@%?@éé‘forﬁrﬂ“’;g s aatﬂﬁtggahaga-gc ctiai
enbossnent s t hehaving from 3 teA0 cachopratemext endi ng outwardly fromthe

pl ane of said ply towards and contacting said opposite ply, preferably each

of two saidli Thelpa eﬁﬁhﬂ&emrmsmps@freumeiantsawdyamm contdisiagi ng said

other ply, said 4. The

paper product ofggwgﬁ*%\érﬁbgggn@?\ﬁég?Bﬁ@S ?he e osserir’ent : of

at | east one pl pliphaticrdibagic caghoxylic: asissand & eolxelbvleea Rolyanijae émabm ts

of both pli eatio of polyalkylene to dibasic carboxylic acid of from 0.8 to 1 to 1.5 to 1,
wherein preferably said saturated dibasic carboxylic acid is adipic acid, and

wherein preferably said polyakylene polyamine is diethylene triamine.

8. The paper product of any of Claims 1-7 wherein said aqueous adhesive
composition comprises:
(a) from 3.5% to 6% by weight of said water-soluble or dispersible
polyvinyl alcohol;
(b) from 1% to 3% by weight of said water-soluble polyamide-
epichlorohydrin resin; and
(c) from 92% to 95% by weight water,

wherein the total solids content of said aqueous adhesive composition
ranges from 5% to 8%, by weight.

9. The paper product of Claim 1 having three plies joined in face-to-face
relationship.

10. The paper product of any of Claims 1-9 wherein said paper product is a
paper towel.



WO 97/ 11226

PCT/US96/ 13982 17 5 The paper
product of any of Cains 1- 4 vvherel n said polyam de- epi chl orqtlgw‘aw = -
resin conprises the reaction product of an epichl orohydrin ‘

<A

pol yam de contai ni ng secondary am ne groups, the ratio of

H‘hu

epi chl or ohydrin .econdarﬁv ani ne groups of sal d lyam de I lJ" from
0.5t0 1 to2to 14 . Thep W‘gﬂé’ﬁﬁ ereln sale pol yani de
cont ai ni NETERRAFGNAY, APPLICATON i IRATONPREATY! PGt he
f or mul = %{ ==-== -
each (ﬂ?mwmm at ur i’it ed g!é i pﬂhﬁ'%ﬁwﬁ‘ml‘ml ng fwmlm
10 carfbon 28,0 a&t erei [

pol yaridel®38 %72 ng sp?g';ld"?rgg anmi #3; mnua@?‘gﬂ'ﬁggade %;\)M%?‘a&?mm

C3- C10 Afhidhated a aticpdi ' Ci

pol yar1(ngﬁ'| n a nmo pgmrioan%&gf porgﬂé‘fgg@? %&‘& AMT%EE,%&&E%
from (.(@) Internitiopab FilingDate:0 1, pepseionf (3040'8-?,6'7 3f er abl dﬁd@d@u@ﬂ@du@%d@
carbodylic acid is adipic acid, and wherpin oi?

pol yarficagpriosity D@t Nyl ene triamne. 8. The pamnmm

1-7 wher ei 98/824818 aque @ Fepembthi995 (699.95) Uy arrposramtw %%ﬁ%&m RU, TJ,

from3.5%to 6% by wei ght of said water-fol ub[‘@"M&‘rT T-(:ggli RlE.l'I'

pol yVi| i) appheain OfHiE PrROCTER (&)cAMBDEN cCbMPANY B%0 DY CMGADEN, Mb] Mi& ME ANV T 531 0BIe
pol yari de- [US/USE: GupProder & Cdmplel Plaza. Clmipiar, OFNd (c) from92%to 95% by
vei ghtf wat &22 @8- wherein the total sol|glgegnt ent of said aqueous

adhesi| ¢@) avesie S NEALD Charles, wmﬁ:ﬁ’;ngas::ofeig@mn&%oto Wi idteynativhdl Gl¥threpod.  The paper

produgt of CFiepatinOH m.cﬁg 1 WEGEEE, noj ned ‘F‘!Q’ef"acfeﬂ"f'm % ctime limit for amending the
rel at il ons hisEg A T Ry any Jm @l bt s Rhe daregret o
paper |pr odusi O 85241 (US). paper owe
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(54) Title: PAPER PRODUCT COMPRISING ADHESIVELY JOINED PLIES
(57) Abstract

A multi-ply paper product wherein the plies are adhesively joined together is disclosed. One or both of the plies may have embossments
protruding towards and contacting the other ply. The plles are adhesively joined, preferably at such embossments. The adhesive is selected
from a composition that advantageously provides a minimum wet ply bond strength and a dry ply bond strength which falls within a
particularly desired range.




