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Paper products are wel! known in evetyday 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 thé 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 plies together
allows the paper product to have different central and outboard plies in the Iaminate,
to provide strength and softness respectively.
Multi-ply tissue products are typically cellulosic. As used herein, "cellulosic*

. refers to a paper product comprising at least about fifty weight percent or at least
about fifty volume percent cellulosic fibers including, but not limited to, cotton
+ linters, rayon, bagasse, and more preferably wood pulps, such as softwoods

(gymnosperms or coniferous) or hardwoods (angiosperms or deciduous), which
fibers may be recycied. The balance of the fibers may be synthetic, such as polyolefin
or polyester.
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the dry ply bond strength becomes too great. When the dry ply bond strength is too

great, the softness and absorbency are typically reduced.

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 a multi-ply paper product

having adequate wet ply bond strength without having a dry ply bond strength which

is too great. Finally it is an object of this invention to provide such a paper product

which is cellulosic and has the plies adhesively joined.

SUMMARY OF THE INVENTION

The invention comprises a multi-ply cellulosic paper product comprising at

~ least two macroscopically monoplanar plies joined in face-to-face relationship. The
paper product has a wet ply bord strength of at least 4.5 grams per inch, and
preferably at least 5.0 grams per inch. The paper product further has a dry ply bond
strength of 4.0 to 20.0 grams per inch, and preferably 5.0 to 15.0 grams per inch.
One or more of the plies of the paper product may be embossed. 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. .
i AILED DES N OF THE
The present invention comprises a laminate of two or more macroscopically ’

monoplanar plies. The plies are cellulosic, as described above, and may be made
according to the same manufacturing process, or according to different
manufacturing processes.
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For the embodiments described and claimed herein, the embossments may
prophetically be spaced on a pitch of 0.05 to 0.70 inches and may prophetically have
an area at the distal end ranging from 0.001 to 0.100 square inches. Each
_ anbossmmmayprophehcallybemdeenarollhamgh\obsvmchprotmdeOto
. 0.120 inches from the plane of the roll. The embossments may prophettcalty be
SR ) . round, oval shaped, or irregularly shaped.
The plies are preferably adhesively joinéd together A sultable adhesive utilizes
a fully hydrolyzed polyvinyl alcoho!l adhesive and a thermosetting cationic resin.. The
resin may be a polyamide resin. The polyvinyl alcoho! adhesive and cationic resin are
provided in an 89 to 95 percent aqueous solution, and preferably about a 52 to 95

. percent aqueous solution (i.e., 92 to 95 percent water). Of the 5 to 11 percent total
solids in the adhesive composition specified above, 2 to 6 percent of the total solids
R may comprise polyvinyl alcohol adhesive solids. At least one percent of the total

solids comprises thermosetting cationic resin solids.
A particularly preferred polyvinyl alcohol is Evanol 71-30, supplied from the
DuPont Corporation of Wilmington, Delaware. A particularly preferred
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Each ply may have a plurality of enbossnent's protruding outwardly fromthe
plane of the ply towards the adjacent ply. The adjacent ply |ikew se may
have opposiwgopesasuber ances protrudi ng towards the firstcplgesnsiesa t hr ee
ply paper product is desired, the central ply may have enbossnents
extending outwardly in both directions, although a central ply having no
enbossnents or unidirectional enbossnedts nay be feasible. The plies

may be made according to cqommonly assigned U S.__Patents 4,637,859, issued
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This example provides an adhesive composifion having five percent total solids,
of which one percent is Kymene and four percent is a polyvinyl 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 thermosetting cationic resin making
up the constant total solids increases, generally a lesser quantity of the adhesive
composition may be applied to the ply. Alternatively stated, for a constant
percentage of thermosetting cationic resin relative to the polyvinyl alcohol adhesive,
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.
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-betieen the pickup roll and a metering roll. The
portion of the film remaining on the metermg roll then transfers to an applicator roll
where, the ‘adhesive-film is again spllte "The' film remaining on the applicator roll is
applied to the embossments of the ply. The embossments of this ply are then brought
in contact with another ply. The plies are adhesively joined together in the nip of
conventional marrying rolls. |
Of course, the adhesive may be applied to the embossments in any other
manner as are well known in the art and is commonly used for nested or knob-to- ‘
knob embossing processes as well. Suitable adhesive application systems include
flexographic, spray systems, gravure systems, as well as the three-roll system ’
described above. ‘
As the spacing and size of the protuberance decreases, a greater amount of
adhesive may be applied to each protuberance for the embodiment described. The
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and preferably - The resulting paper product also 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

"~ travels 7.5 mches from an initial separation- of 2.0 inches. Data is only recorded for

the last six inches of crosshead travel. All four samples are tested in tension. The
four numbers are then averaged to give a single ply bond strength representative of
the product from which all four samples were taken.

Care must be taken that the portion of the sample yet to be separated by the
tensile machine does not contact the lower jaw or the lower 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
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applied to a [ierionthé Sinple i§ Ghrheélfateli RRblddVirdal the viafer 3ad AloWeE t& Bhain
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 that the
sample is as smooth as possible, and the sample properly drains excess water. After
having been prepared in this manner, the sample is then tested in the tensile machine
as described above for the dry ply bond strength.

A nonlimiting example of one paper product made according to the present
invention is illustrated below. The paper products made from two plies of cellulosic
| fibersasis commonly used in Bounty brand paper towels marketed by The Procter &
Gamble Company- of Cincinnati, Ohio and the asslgnee of the present invention.
Each ply was made of 65 percent northern: softwood Kraft, 35 percent CTMP, and
has a basis we:ght of 14 pounds per 3,000 square feet. Each ply was 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 0.070 inches. The protuberances are spaced in a two/three complementary
concentric diamond pattern 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 were made and joined together at a zero clearance marrying nip,
so that a unitary laminate having 42 + 3 protuberances per square inch per ply was

formed.
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Present Invention  Assignee 54 91
Present Invention  Assignee 6.0 117
Bounty Assignee 3.7 14.7
Brawny James River 3.1 10.1
Sparkle Georgia Pacific 3.0 7.0
Mardis Gras Ft. Howard . 34 7.6
Via2ply  Soott | | 30 Y

HiDri . .  KimbeyClak - 34 5.5

Each of the wet and dry ply bond strengths in Table I represents an average of
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, prophetically
one of the plies may be embossed and the other ply not embossed. Altemnatively, and
prophetically neither ply may be embossed. In this embodiment, the two plies are

* joined together by discrete or continuous deposits of adhesive. Both the adhesively
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The resulting paper product according to the present invention conprises a
| am nate of two or nore plies. The paper product according to the present

i nvention has a met ply bond strength of at Ieast 4.5 granms per inch,

and nore preferably | east, 5.Q gra per Preferably the
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preferably 5.0 to 15.0 granms per inch. Wt and dry ply bond strengths
are neasured as follows. Dry Ply Bond Strength Sanpl es of
four finished paper products are provided. One three inch strip runni ng
the entire length of the sanple is cut fromthe center of each sanple. 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
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 abl e i ndependent of the other. The plies are
manual |y separated until the sanple has a gage |ength 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 Thw ng/ Al bert Corporation of

Phi | adel phi a, Pennsyl vani a. The crosshead separation speed is set at 20
i nches per m nute and travels 7.5 inches froman initial separation of
2.0 inches. Data is only recorded for the | ast six inches of crosshead
travel. Al four sanples are tested in tension. The four nunbers are-

then averaged to give a single ply bond strength representative of
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tensile machi ne. If such contact occurs, it will register on the | oad
cell and give a reading which is erroneousl y high. Simlarly, care nust
be taken that ghguportion of the sanpPe yet to be separated does not
contact the portion ofthe sarrpl e having the plies al ready separated by
the tensile tester, If_ such contact occurs it will falsely increase

6 the appareft phymulsply celilosicpaper produgt, said mulgicply papenprodustepmiprisingd
contacts occur, tmrmmomm;aommmmmme tested.

Vet Ply Bond St r englationship, at le&tsddgg&tesaﬁf" ehak UCLigl S
AR

provi ded. The sanple is ed at. | east S er conver?" that IS,
after application BI°of sﬁngg‘g é% M Qr‘“‘? s3id iply towarg scﬂ"der to

al | ow adequat e cur eontapting Mmﬂtemesﬁ\metmmmdm .one another aﬁsmhree i nch

strip is cut frommmwdqip&b&dﬁamdﬁeﬂ . The
strip runs the e”tér&ﬁs %Qh,%d w r}fg 'gﬁ* bet ween
perforations). | es separ a d° o ee inch
edges of the sanplReferhiy %& 't"?r%“%hﬁ f & logst Hmm inch cand

separated, i.e., tmepmbmamenmpym strengthhnes @toalsmtrmm ﬁehlhc).avvs of the
tsgns: Lei garcrrlrrggr altﬁlp el 0GR adobirdig %Eighﬁwg er. and al.l ag;?g?ﬁéj Egre
se(r:rgnds on a drai nrjaé ack. g'dﬁ?e;c%ma 158? WPBFB% %H‘ng'&{’]ﬁyl on vm re
slve composition ﬁlrther compnses a thermosetting resin, and more
preferably said adhesive comprises a total solids quantity of 6 to 20 grams per
3,000 square feet.
3. Apaper product according to Claims 1 and 2 characterized in that each said ply
has embossments protruding towards and contacting said other ply.
4. A paper product according to Claims 1, 2, and 3 having adhesive applied to the
embossments of one ply.
5. A paper product according to Claims 1, 2, 3, and 4 characterized in that each
said ply is manufactured complementary to said other ply.
6. A paper product according to Claims 1, 2, 3, 4, and 5 comprising two plies
_ joined in face-to-face relationship.
7. A multi-ply cellulosic paper product, said multi-ply product comprising at least
" two macroscopically monoplanar plies joined in face-to-face relationship, said
paper product having a wet ply bond strength of at least 4.5 grams per inch and
a dry ply bond strength of 4.0 to ZOOgrams per inch, and preferably having a
wet ply bond strength of at least 5.0 grams per square inch, and more
preferably dry ply bond strength of 5.0 to 15.0 grams per inch.
8. A paper product according to Claims 1, 2, 3, 4, 5, 6, and 7 comprising three
plies joined in face-to-face relationship.
9. A paper product according to Claim 8 characterized in that said three plies
comprise a central ply and two outboard plies, each said outboard ply having
embossments protruding towards and contacting said central ply.
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square mesh. The wires formng the mesh arp ¥ Dekbriptimirgmged B %agém a
pitch of 0.25 inches. The drying rack is )rﬁl/@lhﬁg{s}it qjagamgl 80 Qfa
degrees relative to the horizontal. "Wil e} diiia@indls yi Qg He
sanple is oriented so that the |onger edgean:{bsifga sa ggda(_ rdI y
aligned with the slope of the drying rack.} The separate edges o pl

are brought back together in the drying3rapkas e Lgags as
snmoot h as possi bl e, and t he sanpl e properli Qgi’ﬁnﬁ vprz;\niﬁ) 'ﬁ'—"ﬁﬂ-pr

havi ng been prepErecply may thave aralyrality of srabossmenteprotruding wutveardly from thene
tensil e machplage ofithdlpBCloWRRE the QdRicérdrply. N eTHEr adjdekt ﬁl?rlgccﬂs'éerﬁﬂﬁ Rave A

I t th t
Mvent i on' s PRt S aiaf R Ruiteds AERGL By & 46 m¥ penet AP o of
cel lul osic s éeﬂrsd,a@el@n@@nﬁbnw baved emhomts yextending quwerdlyt gwbbth
mar ket ed by Iﬂ&tﬂa@cm{m& £0deitesl PRMRAVNgE Oho Crdsiii@id . orORhRtirddfbnkine

assi gnee of th resent 10N Each ply was nmade of 65 percent

nort hern sof %‘3"‘??5‘3 b@é”%%?cent CTMP, and has a basis weight of 14
pounds per 3, 000Thejpliee ‘mayebe :Mhagnoydmmemm issigaed &St Riteatsbossi ng
process by ehlswtssssa&shw maaydoprmttbqrraaﬁs;sozhﬁwlmaimw%ﬁhah d a

T o or ol Tostean A ety M RO e O B AR L?ric“ber
conpl enent ar pliesguayderconveptionatiyrdried tpatgtfelm on a 45 degree pitch of about
0.118 inc hes ThPor the P&Qﬁru%ﬁt?&, b @& e&tabgfxt %?&‘3@ ea of
each ply. n}ant ar lTes we e toget er at a zero
cl earance ma.ﬁ“%ll 5‘% ) %hﬁ?“‘ﬁ’suli‘ﬁ‘t%r I%‘l‘ﬁ’ﬁ(fﬁ%‘» H&@lﬂf@feﬂ@
pr ot uber ancesorpmsmmueﬁ bardwodd pmd/opboftweai pfocesseliby any of dMDtﬂ&hﬁlSﬁﬂ?
PCT/ US96/ 132§8 wn 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
McNedl, all of which patents are incorporated herein by reference.
For the embodiments described and claimed herein, the embossments may
prophetically be spaced on a pitch of 0.05 to 0.70 inches and may prophetically have
an area at the distal end ranging from 0.001 to 0.100 square inches. Each
embossment may prophetically be made on 2 roll having knobs which protrude 0 to
0.120 inches from the plane of the roll. The embossments may prophetically be
round, oval shaped, or irregularly shaped.
The plies are preferably adhesively joined together. A suitable adhesive

utilizes a polyvinyl alcohol adhesive made by fully hydrolyzing polyvinyl acetate and

a thermosetting cationic resin. The resin may be a polyamide resin. The polyvinyl
alcohol adhesive and cationic resin are provided in a § to 11 percent aqueous solution
(i.e. 5 to 11 percent solids and 89 to 95 percent water), and preferably about a 5 to
8 percent aqueous solution (i.e. 5 to 8 percent solids and 92 to 95 percent water).
Two to 6 percent of the total solution may comprise polyvinyl alcohol adhesive solids.
At least one percent of the total solution comprises thermosetting cationic resin solids.

All solution percentages are by weight.



7 An adhesi ve conposition, prepared as descri bed above, was
applied to the pr ot uberances of one ply. The total solids of the
adhesi ye ‘conposition was applied’ t'o the paper product in a quantity of
about B grams per 3,000 square feet using a three roll system The
‘resul ting paper product had a wet ply B&nd strength of 5.4 grans per
inch and a dry ply bond strength of 9.1 grans per inch. In Tabl e

paper products accphdiphgs AR IaMl?Sa‘aﬂ&weI}Vﬁﬂdd%g&ﬁuco'H)%%lé Qdhesiva!t Ner
comercially avail abl e hﬁug-or t onel hi's sanpl e accor d| ng to the

present i nverftilizes adull maolavmylv@cqbe} E@Fﬂﬁlve and & termesetting %ﬂh@sl ve

conposition a:Qﬁnwa‘fh ﬁ;li(?rl‘eﬁgn ol &
according to e preé:ent I nvent | g?ll utilize ;ﬁglw%eurl@eﬂ?htagt
conposi ti on aeationie sesiy are provided incan B8 44 95 pexcent agueoussplutign, and preferably

BOND | BRandomt = 92 to 95 percentpects siuion G- gn g5 perthnl vardd.” g e

Present | nvengercant of the l;otgimalutmn may comprise polyvinyl achhal adhesive solids. Atleast 9. 1

Present | nventl on 11.7
Bount y percenéé L 928%1 solution comprises thermosettglgfmtlomc resin solids. All 14. 7
Br awny percentagésae byRveight. 3.1 10.1
Sparkl e Geor Paci f i 7.0

I\/gr dis Gas pd'ell red polyvinyl alcohol m]s‘%albfol 71-30, supplied from the 7 6

Viva 2-ply  DuPent Scei‘:ﬂoratmn of Wilmington, Delaware. 3AO particularly prefexrred4. 4
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H -Dri Ki mberly Cark 3.4 5.5
Each of the wet and dry ply bond strengths in Table | represents an average

of five sanples. O course, for the dry ply bond strength test, each of
the five sanples represents an average of four test specinens.
Variations in the disclosed structure arebfeasible. For exanple,
prophetical ly one of the plies nmay be enbossed and the other ply not

embossed. Al t 8 3RPRIRSE Ply bord strengthy dbsither ehithe\aforementionedy contacty obairetibossed.
In this enbodidamointiste tewiscaldedandd few sampildiestedl t oget her by discrete or
continuous deposi {9y B o y Bot h the adhesively WD 97/ 08387
PCT/ US96/ 13266 ) ) and t he non-adhesively joined areas of
each ply woul d |i & sipgitsamplgef the papes peodyet is providetly . The sample is aged ui least be
apparent to owe wsklis dfed couvettive, gt it, hiter applivatien b the HaRésivedtidl joini@XGC UL | ONS

are feasi bl ey Aliles G et of5 albdullhdeulel B 0P G Hnichs SRBSHAST Il me.

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 aylon 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 that the
sample is as smooth as possible, and the sample properly drains excess water. After
having been prepared in this manner, the sample is then tested in the tensile machine
as described above for the dry ply bond strength,

A nonlimiting example of one paper product made according to 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 assignee of the present invention.
Each ply was made of 65 percent northern softwood Kraft, 35 percent CTMP, and
has a basis weight of 14 pounds per 3,000 square feet. Each ply was 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 0.070 inches. The protuberances are spaced in a twofthree complementary
concentric diamond pattern 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 were made and joined together at a zero clearance marrying nip,
so that a unitary laminate having 42 + 3 protuberances per square inch per ply was
formed.
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9 Wiat is clained is: 1. A mul ti-ply cell ul osi aid
mul ti-ply paper product conprising at |least & first II“ﬂ“jﬂlH'mcn“]lmg
second pl'y, each of said plies having first and second si‘de$, Bne® of* said
sides of said first ply joined to one ofgsaid sides of said second ply, at
| east one of said plies having embossments thereon, said embossnents

ext endi ng Whhtwaciimedl iwm t he pl ane of said ply tovvards and contacting said
adj acent ply, said plies being joined to one another at said enbossnents,
sai d paper product having a wet ply bond strength of at |east 4.5 grans per

inch, and @ drya ﬁiu}tld;?Q Beliuidsi @ﬁlﬂfehpfbﬁu& &aidi ﬁhu&ﬂpl? pﬂﬁeﬂf'ﬁodl%f comfiprising at:feast A

paper product according to claiml havi ng a y bond strength of
| east 5.0 @firskBlypand pﬂ@ﬁjawnt§econd Rlypgaeh °Eﬁ%9@§s g firshend secand S(lﬁ'eP’

wherei n sakfd gk éélcPEMeQBf‘Qalé tffsqw jﬁm'ea t5 opletd? said- Fadd &@ld’@écdnacﬂ?y atléast = A

paper product according to claim?2 wherein said plies are | oi ned using

an aqueou@"@d‘?féﬂd@"@d}ﬁw!ﬂl Qmmﬁswnﬁﬁhgrqv@ said @mbpsgments,extending awtwastly t o
95 wt. % y2| o Oﬁi‘ éﬁ*wé S5d SMiRtng SaidacRREMIY Khidies BRIng TEBiAEd bY

fully hydro acetate.
to one another at sald embossments said paper product having a wet ply bond strength

of at least 4.5 grams per inch, and a dry ply bond strength of 4.0 to 20.0 grams per inch.

2. A paper prodhct according to claim 1 having a wet ply bond strength of at least 5.0
grams per inch.

3. A paper product according to claim 1 wherein said dry ply bond strength is 5.0 to
15.0 grams per inch.

4. A paper product according to claim 2 or 3 wherein said plies are joined using an
aqueous adhesive composition comprising 5 to 11 wt. % solids and 89 to 95 wt. % water,
wherein said solids comprises a polyvinyl alcohol made by fully hydrolyzing polyvinyl
acetate.

5. A paper product according to claim 4 wherein said adhesive composition further
comprises a thermosetting cationic resin.

6. A paper product according to claim 5 wherein each said ply has said
embossments, said embossments contacting said adjacent ply.

7. A paper product according to claim 6 wherein said adhesive composition is applied
to said embossments of at least one of said plies.

8. A paper product according to claim 4 comprising 6 to 20 grams of solids of said
adhesive composition per 3,000 square feet of paper product.

9. A paper product according to claim 4 having three plies.




oot ot o ot e | permsm i o et onre. TSR

paper product according to claim5 wherein each said ply has sai "d

enbosshents, said enbossnents contacti nggsai d adjacent ply. 7. A paper
product accord| ng to claim®6 wherein sai 8 adhesive conposition is applied
to said enbossnents of at |east one of said plies. 8. A paper product

according to clal m 4 conprising 6 to 20 grans of solids of said adhesive
conposi t i off- perA InBlPIE Gelivlasie é&p%fp@ﬁﬁrcwm threegplies, the thme piesduct

accordi ng 6091 S ”&éent?é{' disPoKR BétwvBEn two outboard pli h said out
10 10. ‘ﬁl tb FIAPul 0Si c paper producto co%ersl'glaﬁ sahr%%b%?rldepsl t he

three pli e‘zavmsnﬁmb%wr&s c¥did embossrients seantacting daide eentrah s LaNsosaid RAPeEs,
each sai d QUiRIREFENG Mwet ply bond strength of at least 4.5 grams per inch, and a dry ply bond
strength of 4.0 to 20.0 grams per inch.

11. A multi-ply cellulosic paper product, said multi-ply paper product comprising at least
a first ply, and an adjacent second ply, each of said plies having first and second sides,
one of said sides of said first ply joined to one of said sides of said second ply, said paper
product having a wet ply bond strength of at least 4.5 grams per inch, and a dry ply bond
strength of 4.0 to 20.0 grams per inch.

12. A paper product according to claim 11 having a wet ply bond strength of at least
5.0 grams per inch.

13. A paper product according to claim 12 comprising at least three plies.

14. A paper product according to claim 11 wherein said dry ply bond strength is 5.0
to 15.0 grams per inch.

15. A paper product according to claim 14 comprising at least three plies.
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paper,
i nch,

and a dry
rrultl-ply celluP& C

F WO (LK
enbossnent s,

bond strength of 4.
paper

X520 75~3

| east 4,85
0 to 20.0 grans _';'
ll’imqkf}'m&kyoﬁoaper NS

sak€iBnbossments contacting .said central ply, and said
product having a wet ply bond strength of at

at | east ﬁnfekﬁ&gomgnﬁa&ﬁwﬂt pu@@@ ﬁréggﬁéﬁpeﬁtqy B @hav' ng
of sai HER Fiyeationst Patent Classiteation 5 1 ply, Bai m@mﬁ@&wmng a Wﬁmg?*sﬁand
strengfh BFUH¥40east 4.5 grans per Aht @,)hmﬁlﬂgﬁ&ﬁmﬁmbondsmhqmm3% 4.0
to 20 D gra_nlrs nnr :_'rjxeh ’lL nan 2Ya T\Lf\ Wt‘acgerv B ‘_n r- a-m _._
havi ng )MMMAMant hpcﬁ’fusﬁh'szkse wn@&agﬁmmﬁmmhm B&38R, BY, A
paper product accordlng to claim12 confpris ﬂ“&ﬁﬁ%&ﬁkﬁ%@%ﬂUlLL4.
A papef“pPSatferl Aee B ng B E5H° fszMere ﬁ%%@(ﬁ#ﬁw N is
5.040 15.? grans per inch. 15. A pgper pbGduemggna?gyggﬁpﬁérgi;?mmnd1
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(57) Abstract

A multi-ply paper product. One or both of the plies may have embossments protruding towards and contacting the other ply. The
plies 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.
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