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MULTI PLE PLY Tl SSUE PAPER W TH CONTI NUOUS NETWORK REG ONS

FI ELD OF THE | NVENTI ON The present invention is related to a
ti ssue paper structure, and nore particularly, to nmultiple ply tissue
paper structures. BACKGROUND OF THE | NVENTION --

Paper webs nmawe d97aaszocel | ul osic fibers are used in consuner PCT/QRI%0MIeY S
such as paper towels, toilet tissue, and facial tissue. Multiple ply
paper structures are well known in the art. Such nultiple ply structures
have two or nore plies which are positioned in face to face rel ationship
and j oined together. Each ply can be formed froma paper web. A paper
web can have one or nore layers as it is forned on a paper machi ne, as
is al so wel | known in the art. The individual plies of a

mul ti.pl e ply paper structure can be joined in any nunber of suitable
ways, i ncluding adMHbWbEl?bﬁdﬂWAﬁch e@m%éwmsmrw by
enbossing. Frequently, plies are enbossed for aest hetic reasons, to
provirde space between adjacent plies, and to connect adj acent plies in

face to face rel ationship. B RHESINVE pl e ply paper
structures are shown inthefoIIF”' HESI Wb U S. Patent 3, 650, 882
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particularly, to multiple ply tissue paper structures.

BACKGR D OF THE INVENTION

Paper webs made from cellulosic fibers are used in consumer
products such as paper towels, toilet tissue, and facial tissue. Multiple ply
paper structures are well known in the art. Such multiple ply structures
have two or more plies which are positioned in face to face relationship and
joined together. Each ply can be formed from a paper web. A paper web
can have one or more layers as it is formed on a paper machine, as is also -
well known in the art. '

The individual plies of a multiple ply paper structure can be joined in
any number of suitable ways, including adhesive bonding or mechanical
bonding, such as by embossing. Frequently, plies are embossed for
aesthetic reasons, to provide space between adjacent plies, and to connect
adjacent plies in face to face relationship.

Examples of multiple ply paper structures are shown in the following
references: U.S. Patent 3,650,882 issued March, 1972 to Thomas; U.S.
Patent 4,469,735 issued September, 1984 to Trokhan, and U.S. Patent
3,953,638 issued April 1976 to Kemp. The following references disclose
embossing or embossed products or multiple ply paper products: U.S.
5,480,902 issued Feb. 13, 1996 to Shulz; U.S. Patents 5,468,323 issue -
Nov. 1995 to McNeil and commonly assigned; 4,300,981 issued November
1981 to Carstens; 3,414,459 issued December 3, 1968 to Wells and
commonly assigned; 3,547,723 issued December 15, 1970 to Gresham;
3,556,907 issued January 15, 1971 to Nystrand, 3,708,366 issued January
2, 1973 to Donnelly; 3,738,905 issued June 12, 1973 to Thomas; 3,867,225



3,953,638 issued April 1976 to Kenp. The foll ow ng references disclose
enbossi ng or enbossed products or nmultiple ply paper products: U S
5,490, 902 issued Feb. 13, 1996 to Shulz; U S. Patents 5,468, 323 issue
Nov. 1995 to McNeil and commonly assigned; 4,300,981 i ssued Novenber
1981 to Carwbemgds28, 414, 459 i ssued Decenber 3, 1968 to WeIACT/usATIO7999 - -
commonl y assi gned; 3,547,723 issued Decenber 15, 1970 to G esham
3,556,907 issued January 19, 1971 to Nystrand; 3,708,366 issued January
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However, comparison of the absorbent capacity of a multiple ply
structure to the absorbent capacities of single ply paper structures, or other
multiple ply paper structures having fewer plies, is not especially helpful in
judging the performance of the muitiple ply product. The absorbent capacity
gained by adding an additional ply is generally greater than absorbent
capacity held within the added ply. This difference is due, at least in part, to
the inter-ply storage space created by the addition of an extra ply. '

A heterogenseous n ply praduct having plies obtained from different
types of substrates is normally expected to have an absorbent capacity
which is no greater than the arithmatic mean of the absorbent capacities
measured for the homogeneous n ply structures formed from the different
substrates. For instance, a heterogeneous two ply tissue product has a first
ply formed from a first type of paper substrate and a second ply formed from
a second, different type of paper substrate. The absorbent capacity of such
a heterogensous two ply product is generally expected to be less than or
equal to the arithmatic mean of the absorbent capacities measured for 1) a
homogeneous two ply structure formed from two plies of the first substrate
and 2) a homogeneous two ply structure formed from two plies of the
second substrate.

Above referenced U.S. Patent 4,469,735 discloses extensible muiti-
ply tissue paper products. The products of U.S. Patent 4,469,735 are said
to have synergistically high liquid absorbency by virtue of at least two plies
of the product having sufficiently different stress/strain properties. However,



judging the performance of the nultiple ply product. The absorbent capacity
gai ned by adding an additional ply is generally greater than absorbent
capacity held within the added ply. This difference is due, at least in
part, to the inter-ply storage space created by the addition of an extra
ply. WOATMS%r ogeneous n ply product having plies oBFEUREPPom
different types of substrates is normally expected to have an absorbent
capacity which is no greater than the amithmatic nean of the absorbent
capacities measured for the honogeneous n ply structures formed fromthe
di fferent substrates. For instance, a heterogeneous two ply tissue

product has a fit Issdesirapley/td bé abib for grovidefimpsdvedyatssopberiyPwithcuit iné heb@ and a
second ply for %%Léﬂﬁﬁefﬁf*s&'geggggfar o‘%’éﬁ{"%& tt} %?D%r% pggg.er substrate. The

absor bent capacity’ of suc e eous p product is generally

expected to be | ess AdeBriifgly, oREUsbjeétOot e BIELER! inberiA iPfto { fiBvidasgr bent
capacities measurl?d fcir 16 a g_(l)mf_%(\a{neous t wo, pl StrUthl)JargF f'or me rom
two plies of tHBUKiPleRly pARE: Staycture H‘%T%"‘fﬁ?r%&éﬂ%ﬁ?@ %y structure
formed fromtwo pli t STSh8 Si : . Jef erenced
U S. Patent 4,469, 73@1035%0%65%5 ext Zﬂg? I,e'h?rglllitﬁn- Is to %ﬁ°}" cﬁ%%@“g@g&
products. The pRaRe;structyre which aghigyss a higherapsoghant £apacity and rate,than

syner gi sti cal | yarticipatéd withdesgeottd otimy papey structered’ having s barBhumbers
of the product &%gg sufficiently different stress/strain properties.
However, 97/ 44529

PCT/ US97/ 07999. . Another object of the present invention is to providie a Tlni:liipiespy

desirable to be able,to Ergw.de L @ﬁv%g;absqéﬁe‘nc‘}/ Wlthq%lt t he nhee to

mpar ¢ di f f or erRaREr SirUGHEs Baying plic wilh difteren} texir Yalies B calipers.

Accordingly, one objgulng ofiB& & haSteseVRILAtEA IsStd' Brotidd’h dfulfiple ply
paper structure having one or more plies having discrete, low density
regions dispersed in a continuous network region.

SUMMARY OF THE INVENTION

The present invention provides a heterogeneous multiple ply tissue
paper product having n plies, where n is an integer greater than or equal to
2. The heterogeneous multiple ply tissue paper product includes at least
two plies. A first ply comprises a paper web héving a relatively high density
continuous network region and having X relatively low density discrete
regions per square inch dispersed throughout the continuous network
region. The second ply comprises a paper web which having a relatively
high density continuous network region and having Y discrete regions per
square inch dispersed throughout the continuous network region. The
value of Y is less than the value of X. The relatively high density network
provides a load bearing network for providing web strength, and the
relatively low density discrete regions provide softness and absorbent
capacity.

The ratio of X to Y can be at least 1.5, and in one embodiment, is at
least 2.0. In one embodiment, the value of X is at least 100, and the value
of Y is less than about 250. The second ply can have a caliper which is at
least about 1.25 times, more particularly at least about 1.5 times, even more



mul tiple ply paper structure having inproved absorbent properties.

Anot her obj ect of .the present invention is to provide a multiple ply

paper structure which achieves a hi gher absorbent capacity and rate than
anticipated with respect to other paper structures having the same nunber
of plies. wooads29 Anot her object of the present inventiREIUHTOEIDT-ovi de a
multiple ply paper structure having plies with different texture val ues
and cal i pers. Anot her obj ect gf the present inventionis to
provide a multiple ply paper structure having one or nore plies having

di screte, |low density regi ons dispersed in a continuous network region.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a cross-sectional illustration of a 2 ply paper structure
having relatively large domes facing inwardly.

Figure 1B is a cross-sectional illustration of a 2 ply structure having
relatively large domes facing outwardly.

Figure 2A is a cross-sectional illustration of a 3 ply structure having a
relatively low texture, non-patterned ply disposed between relatively highly
textured, patterned plies.

Figure 2B is a cross-seclional illustration of an aiternative 3 ply
embodiment having a relatively highly textured, patterned ply disposed
between relatively low texture, non-patterned plies.

Figure 3 is a schematic illustration of a paper making machine.

Figure 4 is a plan view of a paper web having a continuous network
region and discrete domes.

Figure 5 is a cross-sectional view of the paper web of Figure 4 taken
along lines 5-5 in Figure 4.

Figure 6 is a schematic illustration of equipment for combining two
separate plies to form a two ply product according to the present invention.
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hori zontal absorbent capacity which 1is greater than the nean of the
honbgeneous n ply absorbent capacities ofg the n plies, w thout the need
for inmparting different stress/strain properties to the plies, as
descri bed in above referenced U S. Patent 4,469, 735. The
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non- patterned plies. Figure 3 is a schematic illustration of a
paper naki ng machi n€igure 10 is a schematic illustration of another drying member in the

form of a through-air drying fabric having a continuous network surface and
a plurality of discrete, isolated deflection conduits.

Figure 11 is a schematic illustration of ancther drying member in the
form of a through air drying fabric having a continuous network surface and
a plurality of discrete, isolated deflection canduits.

Figure 12 is a schematic illustration of a cross-section of a drying
fabric taken along lines 12-12 in Figure 9.

DETAILED DE ION OF THE INVENTION

The present invention comprises a heterogeneous multiple ply tissue
paper product 20 having n plies. Figures 1A and 1B are cross-sectional
illustrations of 2 ply structures (n=2). The individual plies in Figure 1A are
designated 31 and 32, respectively. The plies 31 and 32 are joined at
discrete, spaced apart locations by embossments 35. Figures 2A and 2B
are cross-sectional illustration of 3 ply embodiments (n=3) of the present
invention. The individual plies in Figure 2A are designated 41A, 42, and
41B. The plies 41A, 42, and 41B are joined together at discrete, spaced
apart locations by embossments 45,

By the term "heterogeneous multiple ply tissue paper product’ it is
meant that at least one of the plies of the multiple ply tissue product 20 can
be distinguished from at least one of the other n plies in terms of at least



Figure 4 is a plan view of a paper web having a continuous network regi on

and di screte .dones. Figure 5 is a cross-sectional view of the
paper web of Figure 4 taken along lines 5-5 in Figure 4. Fi gure
6 is a schematic illustration of equi pnent for conbining two separate

plies to feowasdzeo ply product according to the present RGRETPEP --
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7 is a schematic illustration of equi pnent for conbining two plies to
provide an internediate 2 ply structure Figure Bis a schematic
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The absorbent capacity and absorbent rate of the heterogeneous
multiple ply tissue paper product 20 are measured according to the
procedures described below. The heterogeneous multiple ply tissue paper
products 20 of the present invention can have an absorbent capacity which
is greater than the weighted average of the homogeneous n ply absorbent
capacities measured for each of the n plies. iIn one embodiment, the
heterogeneous multiple ply tissue paper products of the present invention
can have an absorbent capacity which is greater than the maximum of the
homogeneous n ply absorbent capacities measured for the n plies. The
heterogeneous muiltiple ply tissue paper products of the present invention
can have a wicking capacity which is greater than the weighted average of
the homogeneous n ply wicking capacities measured for each of the n plies.
The heterageneous multiple ply tissue paper products of the present
invention can also have an absorbent rate which is greater than the
weighted average of the homogeneous n ply absorbent rates measured for
each of the n plies.

The "homogeneous n ply absorbent capacity” and the "homogeneous
n ply absarbent rate” for a particular ply are determined as follows. First, a
"homogeneous n ply structure” for that particular ply is formed by joining
together n plies of that particular ply. This multiple ply structure is referred
to as a "homogeneous n ply structure” because all the plies are
substantially identical. N plies of the particular ply are joined together using
the same procedure { eg same embossing method, same embossing
pattern, same adhesive) used to combine the n plies of the heterogeneous
multiple ply tissue paper product. A homogeneous n ply structure is formed



a plurality of discrete, isolated deflection conduits. Figure 12
Is a schemati.c illustration of a cross-section of a drying fabric taken
along lines 12-12 in Figure 9. ' DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention conprises a hetero eneou
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are cross-sectional illustrations of 2 ply structures (n=2). The

i ndividual plies in Figure 1A are desigrmated 31 and 32, respectively. The
plies 31 and 32 are joined at di screte, spaced apart |ocations by
enbossnments 35. Figures 2A and 28 are cross-sectional illustration of 3
ply embodi ment sfof eadh differeht ply asedhito form then hietenogetieous nriutiplduply tidsues in
Figure 2A are %&%%41A, 42, and 41B. The plies 41A, 42, and 41B are
j oi ned toget her | SCrete, spaced apart |ocations by enbossnents 45.

By the term "heter ogRigRQ e BbédrbBhtEcdpakity iahdURe RPBEbeRt ARG Fér edch bfthe NEANt
that at | east one of the pl |les of . t h; mu tégl e ply ti ésug Rroductt 20 .can
be di stingui shePPPIFASAUS NI, SUICIIrGS are, messyr 'n‘ﬁbq PRECIPANt CARACIty And,
| east VabsprbentTate of each homogeneous n ply structure is measured using the
Fol | ow ng propey 1y o ogles,sad 1o Mossuts e sbsorbent capeely nebSectbeitire
val ue. The cali r&iq ?°'HH8?’I?‘§’8H§W‘§HS o E*p@e Rbly Usspe napgr Pé%]%?'ea\?ﬁ?'iﬁjtéﬂg Yiof a
ply are neasur ettheaahsorbiéntcapacity @ndrahsochant sater of, thechetesdgeneous multiple
ply tissue paper product can be compared to those of homogeneous
multiple ply structures having the same number of plies. Averages can then
be calculated for the homogenous n ply absorbent capacities and rates.

For example, referring to Figure 1A, the heterogeneous muitipie ply
tissue paper product 20 has two plies, 31 and 32 (n=2), where ply 32 is not
obtained from the same type of paper web from which ply 31 is obtained.
For instance, ply 32 can have a caliper, macro-density, and texture value
substantially different from those of ply 31. The associated homogensous 2
ply structure for ply 31 is obtained by joining together two paper webs of the
type from which the ply 31 is formed. Likewise, the associated
homogeneous 2 ply structure for ply 32 is obtained by joining together two
paper webs of the type from which the ply 32 is formed. The homogenous 2
ply paper structures are formed using the same combining method (eg.
same adhesive, same embossing method, same embossing pressure, same
embossing pattern, etc.) which is used to combine the plies 31 and 32
together to form the heterogeneous 2 ply paper product 20.

The absorbent capacity and absorbent rate can then be measured for
the homogeneous 2 ply structure for ply 31. Likewise, the absorbent
capacity and rate can be measured for the homogeneous 2 ply structure for
ply 32. For the structure of Figure 1A, the average of the homogeneous n
ply absorbent capacities is the average of the absorbent capacities
measured for the homogeneous 2 ply structure for ply 31 and the
homogenous 2 ply structure for ply 32. Similarly, the average of the
homogeneous n ply absorbent rates is the mean of the absorbent rates
measured for the homogeneous 2 ply structure for ply 31 and the
homogeneous 2 ply structure for ply 32.



A honogeneous multiple ply paper structure is a nultiple ply structure
havi ng plies which are made with substantially the sanme conposition of
paper fiber furnish and papernaking additives, and which are all
substantially identical to one another with respect to all of the above
properties wowuafher any of the above properties, the maxiranwswgm99%- ply
difference of that particular property is |less than about 10 percent of the
| ower val ue of the property). T@#e absorbent capacity and absor bent
rate of the heterogeneous multiple ply tissue paper product 20 are
measured according to the procedures descri bed bel ow. The heterogeneous
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ti ssue paper [PRRRIYtand\ahsprbgateale $an e measurgdifor the bomegerepus 3 ply
structure for ply 42. For the structure of Figure 2A having ply 41A made
from a paper web of the same type from which ply 41B is formed, the
average of the homogenous n ply absorbent capacities can be calculated as
a weighted average of the homogeneous n ply absorbent capacities:

[(2) x (AC41A) + (AC42) ]/3

where AC41A is the homogeneous 3 ply absorbent capacity for ply 41A (or
for ply 41B), and AC42 is the homogeneous 3 ply absorbent capacity for ply
42.

Likewise, the average of the homogeneous n ply absorbent rates can
be calculated as a weighted average of the homoegeneous n ply absorbent
rates:

[(2) x (AR41A) + (AR42) |/ 3

where AR41A is the homogeneous 3 ply absorbent capacity for ply 41a (or
for ply 41B)and AR42 is the homogeneaous 3 ply absorbent capacity for ply
42,

Without being limited by theory, it is believed that the multiple ply
products of the present invention can provide the improved absorbency and
absorbency rate due, at least in part, to their combination of a relatively
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7 for each different ply used to formthe heterogeneous multiple ply
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t he absorbent capacity and absor bent rgte for the heterogeneous multiple
ply tissue paper product. Accordingly, t he absorbent capacity and
absorbent rate of the heterogeneous nultiple ply tissue paper product
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ply structure f;ﬂjw&hbﬂ?elvdhésom ai ned by joining together two paper webs of
t he type fromwhich the ply 31 is fornmed. Likew se, the associ ated
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Figure 3 is an illustration of a paper machine for use in making a
paper web. The paper webs made on such a paper machine can be used to
form the individual plies of a multiple ply product. Referring to Figure 3, a
headbox 118 delivers the aqueous dispersion of papermaking fibers to a
foraminous member 111. The foraminous member 111 can be in the form of
an endless belt which is carried in the direction indicated about a series of
rolls. The foraminous member 111 can comprise a fourdrinier wire.
Alternatively, the foraminous member 111 can comprise a plurality of
discrete protuberances joined to a reinforcing structure, each protuberance
having an orifice. Such a forming member 111 is suitable for providing a
web having different basis weight regions, and is described generally in
U.S. Patent 5,503,715 issued April 2, 1996 to Trokhan et al., which patent is
incorporated by reference.

After the dispersion of fibers is deposited on the forming member
111, an embryonic web 120 is formed by removal of a portion of the water
from the dispersion. Removal of the water can be accomplished by
techniques well known in the art, such as by vacuum boxes, forming boards,
and the like.



honogenous 2 ply structure for ply 32. Simlarly, the average of the
honogeneous n ply -absorbent rates is the nean of the absorbent rates
nmeasured for the honobgeneous 2 ply structure for ply 31 and the
honbgeneous 2 ply structure for ply 32. WO 97/ 44529
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Referring to Figure 2A, the heterogeneous nultiple ply tissue paper
product 20 has three plies, 41A 42, angh41B (n=3). Ply 41A is obtained
froma paper web of the sane type fromwhich ply 41 B is obtained, and ply
42 is obtained froma paper web different fron1that of the type from which

plies 41A and 41B
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3 ply structure for ply 42. For the structure of Figure 2A having ply 41A

made from a papdhewembnfonichwebacan tbepdewatenedvdscit il tyansferfed dofthened, t he
aver age of t fmy.hermaﬁaepw Ahe @Qélﬂh&%nﬁé&ﬁfé %6812@81@ éa?né@bﬁ%at ed as
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further dried as it is carried on the drying member 119. For vnstance, when
the drying member is in the form of a foraminous belt (such as is described
in U.S. Patent 4,529,480 to Trokhan and U.S. Patent 4,191,609 to Trokhan),
the web can be dried using through air drying equipment 125 to provide a
predried web 122. Altematively, if the drying member 119 is a conventional
papermaker's dewatering felt, the web can be further dewatered by pressing
the web in nip as the web is carried on the felt. In yet another embodiment,
the web can be dewatered by wet pressing the web as described in WO
95/17548 “"Wet Pressed Paper Web and Method of Making Same"
published June 29, 1995 in the name of Ampulski et al., which publication is
incorporated herein by reference.

The predried web can then be transferred to the surface of a heated
drying drum 116 for further drying. The web can then be creped from the
surface of the drum 116, such as by use of a doctor blade 117, to provide a
dried paper web 124. Use of the doctor blade 117 provides a web 124
which is dry-foreshortened (i.e. dry creped). For the purpose of making a
paper structure according to the present invention, the web can be dry-
foreshortened less than about 16 percent, with dry foreshortening of the
web being about 10 percent in one embodiment. Accordingly, paper made
according to the present invention can have relatively low leveis of wet
foreshortening and dry foreshortening.

The multiple ply tissue paper product of the present invention can
include at least one ply comprising a paper web having regions of different



[(2) x (AC41A) + (AC42) 1/ 3  where AC4A1A is the honogeneous 3 ply
absorbent capacity for ply 41A (or for ply 41B), and AC42 is the

honogeneous 3 ply absorbent capacity for ply 42. Li kewi se, the
average of the honpbgeneous n ply absorbent rates can be cal cul %;m%gl as a
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[ (2) x (AR41A) + (AR42) 1/ 3 where AR41A is the honbgeneous 3 ply
absorbent capacity for ply 41a (or foryply 41 B)and AR42 is the
honogeneous 3 ply absorbent capacity for ply 42. W t hout bei ng
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combining the ImBlcl\/le:ei\.'I t{Jheo tcgrenrpag{it'me knuckles can be disposed at the cross over
points of warp and shute filaments of the fabric. The compaction knuckles
serve to densify discrete, spaced apart portions of the web as the web is
transferred to the drying drum 116. The following patents are incorporated
by reference for the purpose of showing drying fabrics and/or methods for
forming a paper web having regions of different density, and more
particularly, a textured paper web having discrete, relatively high density
regions disposed throughout one or more relatively low density regions.
U.S. Patent 3,301,746 issued January, 1967 to Sanford et al.; U.S. Patent
3,974,025 issued August, 1976 to Ayers; U.S. Patent 3,994,771 issued
November 1976 to Morgan et al; and U.S. Patent 4,191,609 issued March
1980 to Trokhan. U.S. Patent 4,191,609 is particurarly preferred for
forming a paper web having an array of uncompressed, relatively low
density regions which are in staggered relation in both the machine and
cross machine directions.

in one embodiment, at least one of the plies of the heterogeneous
multiple ply tissue paper structure comprises a paper web made according
to the teachings of EP 0677612A2 published 10/18/95 in the name of Wendt
et al., which application is incorporated herein by reference.

In one embodiment, at ieast one of the plies of the heterogeneous
muitiple ply tissue paper structure comprises a paper web having a
continuous network region having a relatively low basis weight and a
relatively high density; and a plurality of discrete regions dispersed
throughout the continuous network region, the discrete regions having
relatively high basis weights and relatively iow densities. A ply comprising a
paper web 180 having a continuous network region 183 having a relatively
low basis weight and a relatively high density, and discrete domes 184
having relatively high basis weights and relatively fow densities is shown in
Figures 4 and 5. The caliper of the ply is designated as T in Figure 5.



The texture val ue does not include nechanically enbossed features. Such
enbossed features:inparted to the web when after it is dried nay be at

| east partially destroyed when the web is wetted. Wet forned texture
features inparted on the ply while the ply is on the paper nachine (such as
t hose i npany@gedsaezea Web by through air drying on the dryi RgTAUSTOIY0f a
paper machi ne or by wet pressing prior to drying) are included in the
texture measurement. Such wet forned {£xture features can better maintain
their structure when wetted, especially when a wet strength additive,
such as KYMENE, is added to the furnish fromwhich the web is forned.
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PCT/ US97/ 079¢0ontinuous network region 183 and a plurality of discret@ domes 184.
Figure Figure 1A shows both plies comprising paper webs having a
continuous network region 183 and a plurality of discrete domes 184. Both
of the plies 31 and 32 are pattemned, having domes 184 which extend
inwardly (i.e. the domes 184 of ply 31 face the domes 184 of ply 32.). The
domes 184 of ply 31 can have the same shape as the domes of ply 32, or
the domes 184 of ply 31 can have a shape which is different from that of the
domes of ply 32. The domes in each of the plies can be bilaterally
staggered. '

in Figure 1A, ply 31 is different from ply 32 in that ply 31 has a
relatively larger number of relatively smaller domes 184 per unit area, while
ply 32 has a relatively smaller number of relatively larger domes 184 per
unit area. In particular, ply 31 can have X domes 184 per square inch,
where the value of X is at least about 100. Ply 32 can have Y discrete
domes 184 per square inch, where the value of Y is less than the value of X,
and the value of Y is less than about 250. The ratio of X to Y can be at
least about 1.5, at least about 2.0, and in one embodiment is at least about
10. In one embodiment, ply 31 can have at least about 200, and more
particularly at least about 500 domes 184 per inch, and ply 32 can have
less than about 110, and more particularly less than about 75 domes per
square inch. In addition, ply 32 has a caliper which is greater than the
caliper of ply 31. Ply 32 can have a caliper which is at least about 1.25
times, more particularly, at least about 1.5 times, even more particularly at



The enbryonic web 120 is then transferred to a drying nmenber 119, whi ch
Is in the formof.an endless belt carried about a series of rolls in the
direction showmn. The n ply structures of the present invention can have
plies having about the sane |evel of wet-foreshortening (wthin about 5
percent). Fomwao bmsammer pose of making a paper structure accor BFHYS¥Y8™he
present invention, the web can be wet-foreshortened | ess than about 5
percent, with wet-foreshortening of the wdb on transfer to the drying
menber 119 being about 3 percent. Wet-foreshortening is described in U. S.
Pat ent 4, 469, 735, which patent is incorporated herein by reference.
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paper product &embar 138 skarpartienian the texture value can provide a measure of the
difference in elevation between the domes 184 and the network 183.

In an alternative 2 ply embodiment shawn in Figure 1B, ply 32 can be
joined to ply 31 such that the domes 184 of ply 32 face outwardly and the
domes 184 of ply 31 face inwardly toward ply 32. In such a 2 ply structure,
ply 31 can provide a relatively smooth outwardly facing surface, and ply 32
can provide a relatively highly textured outwardly facing surface having
outwardly facing protrusions in the form of the domes 184. The relatively
highly textured outwardly facing surface of ply 32 can be useful in scrubbing
or scouring operations, while the relatively smooth outwardly facing surface
of ply 31 can be used for wiping liquid from a surface.

Alternatively, the two ply structure 20 can comprise one ply having a
continuous network and discrete domes, and a second ply which does not
include discrete domes dispersed throughout a continuous network. For
instance, the ply 31 in Figure 1A or 1B can be replaced by a ply of the type
shown as ply 42 in Figure 2A.

Referring to Figure 2A, one embodiment of the present invention is a
heterogeneous 3 ply tissue paper product having plies 41A, 42, and 41B.



I nclude at | east one ply conprising a paper web having regions of different
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one enbodi nent, the multiple ply tissue product of the present i nvention
can conpri seoswi4aky formed from a paper web havi ng di scr et BCTU§B{TShs of
relatively high density dispersed throughout one or nore regions of
relatively low density. For instance, sych a web can be forned on a

paper machi ne such as that shown in Figure 3. The discrete regi ons of
relatively high density can be fornmed by transferring the enbryonic web to
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can each have a caliper which is at least about 2.5 times that of ply 42. The
ply 42 can have a macro-density which is at least about 2.5 times that of
plies 41A and 41B. Ply 42 can have a texture value less than about 1.0,
and plies 41A and 41B can each have a texture value of at least about 10.

In one embodiment, each ply 41A and 41B can have a basis weight
of about 13.6 pound/3000 square feet, a caliper of at least about 20 mils,
and a macro density of less than about 1.0 pounds/ mil-3000 square feet.
Ply 41A and 41B can each have a texture value of at least about 15 mils,
and can have about 75 domes 184 per square inch. Ply 42 can have a
basis weight of about 12.5 pound/3000 square feet, a caliper of between
about 4 and about 6 mils, a macro density of at least about 2.0 pounds/mil-
3000 square feet, and a texture value of about zero.

In the alternative 3 ply embodiment of Figure 2B, a patterned,
relatively highly textured ply 41 can be disposed between two plies 42A and
42B having relatively low texture, the plies 42A and 42B having
substantially no discernable pattern. In yet another 3 ply embodiment, a
relatively higher textured ply, such as ply 41, can be disposed between two
plies such as that shown as ply 31 in Figure 1A. Each of the 3 plies in such
a structure has relatively low density domes disposed throughout a
continuous high density network.



et al., which application is incorporated herein by reference. In
one enbodi nent, at |east one of the plies of the heterogeneous mul tiple
ply tissue paper structure conprises a paper web having a cont i nuous
network region having a relatively | ow basis weight and a relatively
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Web 131 is directed through a nip formed between a rubber roll 240
and a steel embossing roll 250, as web 132 is directed through a nip formed
between rubber roll 260 and a steel embossing roll 270. In the embodiment
of Figure 1A, the domes 184 of the web 131 face roll 240, and the domes
184 of web 132 face roll 260, so that the domes 184 face inwardly in the
resulting 2 ply structure. The steel embossing rolls 250 and 270 have a
pattern of embossing pins which contact and deform selective, discrete
portions of the webs 131 and 132, respectively. The web 131 is then
carried through a nip formed between a glue applicator roll 255 and the
steel embossing roll 250. The glue applicator roll, which has a surface
which is continuously replentished with glue, transfers glue to the deformed
portions of the web 131. Webs 131 and 132 then pass between steel
embossing rolls 250 and 270, with web 131 adjacent roll 250 and web 132
adjacent roll 270. The embossing pins on roll 250 nest with those on roll
270 to deform the webs 131 and 132, and to provide nesting of web 131
with web 132. '

The two webs 131 and 132 then pass through a nip having a pre-
determined nip loading, the nip being formed between steel embossing roll
250 and a marrying roll 280. Marrying roli 280 has a hard rubber cover, and
serves to press the webs 131 and 132 together to ensure bonding of web
131 to web 132 at those locations where adhesive is transferred from roll
255 to ply 131. The resuiting two ply paper structure 20 can be rewound for
later converting into smaller rolis. '



Fi gure Figure 1A shows both plies conprising paper webs having a
continuous network region 183 and a plurality of discrete dones 184. Both
of the plies 31 and 32 are patterned, having dones 184 which extend
inwardly (i.e. the domes 184 of ply 31 face the donmes 184 of ply 32.). The
dones 184 olopbtiysszdl can have the sane shape as the donmes @CTRISY?@ -or

the donmes 184 of ply 31 can have a shape which is different fromthat of

t he donmes of ply 32. The dones in eacq of the plies can be bilaterally

st agger ed. In Figure 1A ply 31 is different fromply 32 in that
ply 31 has a relatively larger nunber of relatively smaller donmes 184 per

unit area, while . tlvely
| ar ger dones 184 F%'uye uni Fagr'@égt%ké&'ﬁsww sS4 d?g‘?w%bsn'f%él%' R Xones
184 per squar @fﬁﬂd}\!! P3pRh SHTECUFR: Wﬁhtﬂ? E’ﬁtﬁm!mal" FlQuEQ 20 WeboR1API y 32
can have Y di gefré$pondsdonply 4Lﬂmrpﬂigmalm ewelh C1l42 @dsrﬁésﬁ:ohbe t8 Py YO Y i S

atto of X t oFgLEg @A andweb (R otfaskBoNE by Y1BFTn £iGirg 20T Wktg ez |\ Tor
embodi ment | saad 143Bscanhave a canfinupus Metwerkyegionchaving lay ralativein highve at
| east about 2@@nsify@ndrdistrete RidiridsChiavivig Yelativdly f dehsitibs. SWeB ORScdP4 per

i nch, and ply 110, and nore particularly less
t han about 75%3@@3%}4%%@&%?&“ Mddl tion, ply 32 has a cali per
which is greater W\Eébst 142 aric? mnrcév% by hn%un&"ﬂ‘?rﬁzro?@“zf‘ﬁv&\ﬁlﬁ?l | per

which is at | east arti ar | |'east about 1.5

ti mes, even. nff¥P YQchﬁ'i‘%ran'eoé in the direc So howm; b’ 142 is directed
PCT/ US97/ 0799¢hrough a nip formed between glue applicator roll 255 and steel embdzssiﬁg about

oy 517 <l 258 me T Ebosing Fal 24 s Aoruty il pEy °C7
bet ween operation) to tran er Iayer of adhesive from roll 255 to web 142.
131 and 132 then pass between steel embossing rolls 250 and 270. wuth
~ web 142 adjacent roll 250 and web 141A adjacent roll 270. The embossing
~ pins on roll 250 nest with those on roll 270. The two webs then pass
through the nip formed between steel embassing roll 250 and marrying roll
. 280 to ensure bonding of web 141A to web 142, thereby providing an
_intermediate 2 ply structure designated 143 in Figures 7 and 8.

The web 141B can then be joined to the intsrmediate 2 ply structure
143, as shown in Figure 8. Intermediate structure 143 is directed through
‘the nip between rubber roll 260 and steel embossing roll 270 such that its
constituent web 141A is positioned against roll 270 and its constituent web
142 is positioned against roll 260. Accordingly, web 142 is adhesively
joined to web 141B when the three webs pass through the nip béetween
marrying roll 280 and embossing roll 250.



about 7-60 | b/3000 square feet. In one enbodinent, the plies 31 and 32

can each have a basis wei ght of about 12-15 pounds per 3000 square feet.
The macro-density of ply 31 can be at |east about 1.5 tines, nore
preferably at |east about 2.0 tines, and even nore preferably at | east
about 2.5 twoesadshe nacro-density of ply 32. Pl y PGI/USEHO7E9 - -
texture value greater than ply 31. In one enbodi nent, the ply 32 can have
a texture value which is at |east about 475 tines, nore preferably at

| east about 2.0 tines, and even nore preferably at | east about 4.0 tines
the texture value of ply 31. In particular, ply 32 can have a texture

value of at |egpxapPLpg!s, and ply 31 can have a texture value of |ess than
about 10 mils. In one enbodinent, the ply 32 can have a texture val ue of
bet ween about E&ampgb ®boly 25 m I s and ply 31 can have a texture val ue of
bet ween about 4.0 and about 6.0 mls. The texture value provides a

measure of the wet Toempupeser ofibis examplets to Jlustratepens metapdthat isandieyi ng

gel[r?er 119. | nupgd to Forhia, twohis) @mwmeﬂﬁémecﬁés&itﬁhv&mtoﬁ neagnoetie the
| erence in e n e networ

In an alternat EQ’% ?Hpgg’d ﬁo% E{a’h{]e% ﬁﬁﬁ%"ﬁpéﬁﬁ 5‘36’519 the
joined to ply senenatrm'murahne m insHigure 3.y AZOf‘hqmerItvmnﬁlgtemyj t he

dones 184 of phyuddud 3kfry fibers! Watst aha Sddfitived .ga@g%egggpgwrg A

ply 31 can provide reI snDo out aC|n
can provide a P@P%'E%PV?'T‘E ?% NOoUR MATERer, ﬂqm% ﬁg‘%’%&'&sﬁﬂl ng
outwar dly faci mixdpreotaf UB3:25sby rwaight NS (pdrthers slmflvmld&&aft)ﬂaadrém vely
highl y textur e?cr%vtﬁéﬁw riedffidaP bibF 6o &fflj]ﬁﬂré’ FheCadyifivosihelib d et
scrubbi ng or gper a Ee 453 gtl %1 QF?rP gut war d
faci ng surface P LY § fveyp Meﬁt@ kyq t; ang A $o U??sace
Al ternatively, addmvev\o Tplaywet rstrengthe additive ncamprisess an oefteqtive amuumtgoﬁ
conti nuous net 91133@1."‘ XOHWE ﬁ{?ﬁ; t
I ncl ude di scr etggfccyfo ﬁ S &ecﬂ roﬁ%ﬁggoﬁ{&ngous ne?wo EQP
i nstance, the @ °§P"Yﬁ' FTS@' SeéH 18 supplied bygHerrules Cormpf ¢ he
t?/ﬂp;ed shownf awl]hing% i Delawgre. e The. dry strength ddelitiver corgpdsesFam effective one
enbodi nent o paper
oroduct havi ng%ﬂﬁuﬂi ob ?%deﬁ‘maﬁ'\xpgiﬁ@o& in 86N SPAEBUSS Bolihds bf EREE
. per ton of dry’ fiber weight. CMC 7MT is supplied by Hercules Corp.
The wettability agent comprises an effective amount of Dodecylphenoxy
poly(ethylenoxy) ethanol in the form of about 2 pounds of IGEPAL per ton of
dry fiber weight. IGEPAL is supplied by Rhone Poulence of Cranbury, NJ.
The Softness additive comprises an effective amount of Quaternary
ammonium compound in the form of about 2 pounds of DTDMAMS per ton
of dry fiber weightt DTDMAMS (Dihydrogenated Tallow Dimethyl
Ammonium Methyl Sulfate) is supplied by Sherex of Dublin, Ohio.

When forming the web from which ply 31 is made, the slurry is
deposited onto foraminous member 111 {(a Fourdrinier wire of a 5 shed,
satin weave configuration having 87 machine direction and 76 cross-
machine direction filaments per inch), and dewatered to a consistency of
about 17 percent just prior to transfer to drying member 119. The resulting
embryonic web is then transferred to the drying member 119 to provide wet
foreshortening of about 3 percent. The drying member 119 is in the form of
a through air drying fabric as shown in Figures 9 and 12, such as is
generally described in above referenced U.S. patent 4,529,480. The
through air drying fabric has a continuous network surface 423 which
defines openings of deflection conduits 422. As shown in Figure 12, the
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PCT/ US97/ 07999 , 14 The plies 41A
and 41B can have substantially the sanme structure and conposition. Each
of the plies 41A and 41B can be patterned to have a continuous network
region 183 wubradspabural ity of discrete domes 184. Each FCTVUR7/p1%9%%es 41A
and 41B can have the sane nunber Y of domes 184 per square inch. The

val ue of Y can be between about 10 and ggout 600, and nore particularly
bet ween about 10 and about 200. Ply 42 can be forned froma web of
conventional felt dried tissue paper having substantially unpat t er ned

sm_ooL [1 (unt Sxmm. indoas! renwerk, sarmbqamsnéaﬁ?hds/ aU distace geasb%e/ a wivénbasi s

wei no dise i | . [ Q- iti or

di f? erent m c%gﬁggﬂie'\%ﬁbﬁ?é? H%Qgﬂmgpt\{ ﬁé@%}?&‘gﬁg@dﬁgﬁ de@% an have a

t ext I f ol ; ' [
Figure 2A. each ofﬁfgg&“ﬁ*gghﬁﬁg*%@“ﬁ"ﬁ‘?gﬁﬁ%2“8%??“2@%9?@%°‘?’H2ﬁ“t hat
of ply 42, arkPNOylts ‘F?Tes%ﬂaf%g‘ci‘ﬁ? vigwed In Fgyres9 &5&@ RensA¥are| ess
than that of iptly). 4the déftectibh eenduifs 422hakb dh elongatedahiaps aith Archinger Whi ch’

[ t | t iR - ' . . | .

et o- dens t 4 hgctoR ienbiy e%”i;?‘ﬁ%tj?bé.“@gf‘?ﬁi@ inctl shd'é GBERBYNS |

41B. Ply 42 LHFPOUGU Wigtry of, 3RauL 35N Tae knuckls agen (Area of the captinyauses 41A
and 41B can ematola423)istabouti36.6/pércentodf the suefassé aré® of thédrying fabric | n one

nbodi t, ; ' qht f about 13.6
Sougd} gg(r)]o sgﬁg?#’wﬁﬁ%ﬂéﬁéW%@ﬁﬁgﬁf%ggﬁ%ﬁ%&m | s, ° anua Macr o
density of |ess thpe akduis batidpuedsd by dewdinglHAd B %?f%rying Rith 41A and

41 B can eachg,have a texture vahl%e1 at Ieait 1 nd can
e

have about 75 aif grying. pPRAg o conss ﬁ@gyc‘gflrj? g/ percent Jhe \\ei ght
of about 12.5webimthepcaihesed ta thef surface of yahkgmedryef 1161 amanemovarbfrom 4 and

Sauare foct o SRS STANG! diyer 118 by F%doct tiaad 170 onitancy o000
squ : xt u u ut .z .

alternative %%@ﬁBﬁint V?T'O'&?r BWEB,'S orsrated 3t surface gpeed, of|

hi ghl y t ext urahbyt8p04eetper niioutdl. Sthesdny el 124¢is woundobritea rbli/atanspeed 42B
havi ng rel at i ye7 16 feR1pehinihé to bRFidY the web 3 218 Pﬂ&ﬁw | fBfbshortenin
substantial lyong, i %e.ée”r%ﬂtg a;ﬁr?guﬂingl wot) Bias Babvain abo 'éézearr’!” § ot 2
620 relatively low density domes 184 per square inch (the number of domes

184 in the web is between zero percent to about 10 percent greater than the
number of cells in the drying member 119, due to dry foreshortening of the

web). :

The ply 32 is formed from a web 132 which is made using a paper
machine such as that shown in Figure 3. The same furnish and procedure
as described above with respect to ply 31 are used to form web 132, except
that the drying member 119 is of the form shown in Figure 10. Referring to
Figure 10, the drying member 119 has about 45 deflection conduits 422 per
square inch, a knuckie area of about 30 percent, and a dimension D of
about 30 mils. The deflection conduits 422 have a quasi-quadrilateral
shape having curved sides. The deflection conduits have a length of about
191 mils and a width of about 94 mils. The web 132 has between about 45
and about 50 domes 184 per square inch. The resulting webs 131 and 132,
when combined as shown in Figure 6 to provide a 2 ply structure 20, have
the following characteristics:



relatively higher textured ply, such as ply 41, can be di sposed between two
plies such as. that. shown as ply 31 in Figure 1A Each of the 3 plies in such
a structure has relatively | ow density dones di sposed throughout a

conti nuous hi gh density network. WD 97/ 44529

PCT/ US97/ 079990 97144529 15 PCTUSITOMYyg or
nore of the paper webs 131 and 132 havi ng desired characteristics
relative to one another are conbined to pygpvide the nmultiple ply tissue
paper product of the present invention. Figure 6 illustrates equi pnent
that can be used to conbine two webs having desired characteristics
relative to one another in order to forma two ply product according to
the present invention. Two single ply webs 131 and 132 are unwound from
rolls 210 and 220, respectively. Each of the webs 131 and 132 can have
regions of different density, and each ply can have a continuous network
region having a relatively high density, and discrete dones havi ng

relatively |ow gensities. The two webs 131 d 132 ar ied in the
di rections indi@&?ﬁd around roll ers 225. "1°§f"°“ﬁ§rﬂ'%§%{5§@s to ply 31

in Figure 1, and welph32,.COrrespon to ply 32 i wElgure 1.

131 is directed thr(l%g gi ni p forrrg%lobetween a rgg'?a? roll 24024'7z;nd a
steel enbossing rol IBasiWeightweb 18861 s di r ect ed Absdrpl Capacity P 1908 med

bet ween rubber roll 260 and a steel enbossing roll 270. In the enbodi nent
of Figure 1A the ddMasrod¥ensigy: t held@b 131 face WickingQapagityl t138 dores
184 of web 132 face roll 260, so that the donmes 184 face inwardly in the
resulting 2 ply strd@deValug steeb enbossing r AbsarbesbRatey 2 ave a

pattern of enbossing pins which contact and deform sel ective, discrete

Ply 32: Homogenous 2 ply (32-32)
Caliper: 35.0 Caliper 42.8
Basis Weight: 136 Absorb. Capacity 32.8
Macro-Density: 0.39 Wicking Capacity: 27.0
Texture Valué: 240 Absorbent Rate  0.68

Heterogenous 2 Ply 31-32:
Caliper: 346
Absorb. Capacity 28.1
Wicking Capacity 23.2
Absorbent Rate:  0.59

Units: Unless otherwise specified, caliper is reported in mils, basis weight
in Ibs/3000 square feet; macro-density in 1b/3000 square feet-mil, Texture
Value in mils, Absorbent Capacity in grams per gram, Wicking Capacity in
grams per gram, and Absorbent Rate in grams per second.



portions of the webs 131 and 132, respectively. The web 131 is then caned
through a nip forned between a glue applicator roll 255 and the st eel
enbossing roll 250. The glue applicator roll, which has a surface which
is continuously replentished with glue, transfers glue to the deforned
portions ofwobpasmb 131. Webs 131 and 132 then pass bet weBATASLENT999. .
enbossing rolls 250 and 270, with web 131 adjacent roll 250 and web 132

adj acent roll 270. The enbossing pins roll 250 nest with those on roll
270 to deformthe webs 131 and 132, and to provide nesting of web 131

wi th web 132. The two webs 131 and 132 then pass through a nip
havi ng a pre- erdyped nip | oading, the nip being fornmed between steel
enbossi ng rolﬁxamﬂ%gbé?r’llg a marrying roll 280. Marrying roll 280 has a hard
rubber cover, and serves to press the webs 131 and 132 together to
ensure bondi ng of web 131 to web 132 at those | ocations where adhesive

is transferred frdinerpurpose obBis exampple is3¢ illusrate ancther mpthadbthak gapaper

structure 20 yenfisddto'f8HR dtWoply emboliirieht of ta\stebértinventionsal | er rolls. .
WO 97144529 PCT/ US97/ 07999
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additive. The wet sirength additive comprises an effective amount of

epichlorohydrin adduct in the form of about 24 pounds KYMENE 557H per

ton of dry fiber weight. The dry strength additive comprises an effective

amount of Carboxy Methyl Cellulose in the form of about 5 pounds of CMC

7MT per ton of dry fiber weight. The wettability agent comprises an

effective amount of Dodecylphenoxy poly(ethylenoxy) ethanol in the form of

about 1.5 pounds of IGEPAL per ton of dry fiber weight. The Sofiness

additive comprises an effective amount of Quaternary ammonium compound

in the form of about 1.3 pounds of DTDMAMS per ton of dry fiber weight.

When forming the web from which ply 31 is made, the slurry is
deposited onto foraminous member 111 (a Fourdrinier wire of a 5 shed,
satin weave configuration having 87 machine direction and 76 cross-
machine direction filaments per inch), and dewatered to a consistency of
about 17 percent just prior to transfer to drying member 118. The resulting
embryonic web is then transferred to the drying member 119 to provide wet
foreshortening of about 3 percent. The drying member 119 is in the form of
a through air drying fabric as shown in Figures 9 and 12, and such as is
generally described in above referenced U.S. patent 4,529,480.

The drying fabric 119 for forming the ply 31 has about 240 deflection
conduits 422 per square inch as viewed in Figure 9 (240 cells per square
inch). The knuckle area (area of the continuous network 423) is about 25
percent of the surface area of the drying fabric 119 as viewed in Figure 9.
The distance D is about 22 mils.

The web is partially dried by dewatering and by predrying with
through air drying apparatus 125 to a consistency of about 63 percent. The



Webs 142 and 141A can be unwound fromrolls 211 and 221, respectively,
and carried i.n the directions shown. Wb 142 is directed through a nip
formed between glue applicator roll 265 and steel enbossing roll 250
(The rubber enbossing rolls 240 and 260 are di sengaged in this

operation) towesmisSPer a | ayer of adhesive fromroll 255 t FEBTAP?? ebs
131 and 132 then pass between steel enbossing rolls 250 and 270, with

web 142 adjacent roll 250 and web 141A adjqacent roll 270. The enbossing
pins on roll 250 nest wth those on roll 270. The two webs then pass
through the nip forned between steel enbossing roll 250 and marrying rol

el oo ot o o YA ia et BANBHAANA o by of fihkel VROV 1A dllitiled from

The e 1415 odie SHERCSEF g dbie L4 hE e, Bptol ag 157 of o Bonsisteppe o 145
as shown in Fi qbost 87 percantnant to proyideua doy forestrtening ofcabasd 10nperoert. t he
Const i tuent. webEfpxtihg Yob s Ba66 welht 8F 860 120} bodflag0r SqudiSieet ° |
142 i's positi ond® [ﬁﬁ#tmg{)wphnaszggtwe%&%p%t%%?n&@oﬁg&srsj@w@& Sfﬁ'fy
joined to web Xébsity domast1B4 pensquanadbeh (the nutibeo of domes 184 in ks webris

gac;-/r {Jlsgg / B%gg%@&%@ﬁ%&ﬁlﬁo '@bolit 48 Percent greaten"lﬁ?ﬂ%é or |?§:°°"'7£xanpl .

1. 2 ply in the,drying membep 119, fue t@%{ﬂrsswemq ¢fithe - one net hod
Ench of the piies S 341P Byndl a8t o, Tholce chiflsBhty GRleodhifitiy ™
havi ng the gerfpapegoaking libers, waterhsnd additivey is formed fondepnsitiomen the
consi stency aquRfmAoss Whdmibél 1PRPeTRBKaqEUdUSDSILFry ¥6rhgrisesaadmibddid iofes i s
formed for g 6:231:11.3 by weight NSK, CTMP, and broke. The additives include a
wet strength additive, a dry strength additive, a weiltability agent, and a
softness additive. The wet strength additive comprises an effective amount
of epichlorohydrin adduct in the form of about 19.5 pounds KYMENE 557H
per ton of dry fiber weight. The dry strength additive comprises an effective
amount of Carboxy Methyl Cellulose in the form of about 3.8 pounds of
CMC 7MT per ton of dry fiber weight. The wettability agent comprises an
effective amount of Dodecyiphenoxy poly{ethylenoxy) ethanol in the form of
about 1.4 pounds of IGEPAL per ton of dry fiber weight. The Softness
additive comprises an effective amount of Quaternary ammonium compound
in the form of about 1.08 pounds of DTDMAMS per ton of dry fiber weight.

When forming the web from which ply 32 is made, the slurry is
deposited onto foraminous member 111 (a Fourdrinier wire of a 5 shed,
satin weave configuration having 87 machine direction and 76 cross-
machine direction filaments per inch), and dewatered to a consistency of
about 17 percent just prior to transfer to drying member 119. The resulting
embryonic web is then transferred to the drying member 119 to provide wet
foreshortening of about 2.5 percent. The drying member 119 is in the form
of a through air drying fabric as shown in Figures 11 and 12, and such as is
generally described in above referenced U.S. patent 4,529,480.

The drying fabric 119 for forming the ply 32 has about 97 deflection
conduits 422 per square inch as viewed in Figure 11 (97 cells per square
inch). The knuckle area (area of the continuous network 423) is about 20



deposition on the foram nous nmenber 111. The ageuous slurry conprises a

m xture of 75:25 by weight NSK (northern softwook Kraft) and CTMWP
(chem -t hernmo nechani cal pul p) paper fibers. The additives include a wet
strength additive a dry strength additive, a wettability agent, and a

sof t ness h . The wet strength additive conpri ses arcepbB®gOU99e. anount
of epichloro erln adduct in the formof about 22 pounds KYMENE 557H per
ton of dry fiber weight. KYMENE 557H iggﬁupplied by Hercul es Corp of

W m ngton, Delaware. The dry strength ditive conprises an effective
anount of Carboxy N@thyl Cellulose in the formof about 5 pounds of CMC

et 8 1§ Oy %‘% W37 Pusibgfon, e Aflna TS St uBunnge P

pol y(et hyl eno dletamaa@lsmbqutnéSBdmlﬁ of about 2 pounds of | GEPAL per ton of

d fib ht CGEPA Poul f Cranb
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conpound i n ttheougbrair diyingoapparatusd2bdo accorskbmyfrabout 63 pectentir Thei ber

wei ght . DTDNGMS, tﬂeﬂ%@%ﬂ“ﬁttﬂd sl¥abe of yahisdl Goyor 14‘61% bemdRidwomSu! f at e)’

i lied by S f. Du % th f

whi oh' bl y°51 the Shiace oftpedyen 116 By thaemqrt@adsﬂﬁa 2 sl tonr °T11
(a Fourdri ni eabout 8 pni‘cmtSa@mjprowdHaa ldry ﬁnfeslmrtmrfg glmbdut@hS bammg 87
machi ne dir ecﬁké)fbsﬁﬂﬁtﬁgx?eﬁ;ﬁé’éﬁba?lsw per C?&u eet.CN) ,

and dewat er ed | or to transfer
to drying menth® @ﬂ‘ﬂ“nqwtbr BEémthgen %?b‘? n?de@{Pqt P@%é&ah\’%{)ﬁs@ﬂr red to
the drying meddrmsity dbfheisol 8drperisteareeinch. f or eshort eni ng of about 3 percent.

The drying menber 119 is in the form of a through air drying fabrlc as
shown in Fi gures Srhenesultingsvahs t3 and 132javhanacorpbined @si shown ip Figkree

referenced U@toﬁ@vﬂi&ta9.p'ﬁ?@lrﬂ&&eﬂﬁavelﬁ'&ﬂ!ﬂé@m@dhdﬂédteﬂﬂld‘s&brI c has a

conti nuous network surface 423 which defi nes openi ngs of deflection
conduits 422. As shown in Figure 12, the WO 97/ 44529
PCT/ US97/ 07999. .
Ply 31: Homogenous 2 ply (31-31)
Caliper: 16.0 Caliper 27.0
Basis Weight: 13.1 Absorb. Capacity 25.9
Macro-Density: 0.82 Wicking Capacity: 17.2
Texture Value 15.3 Absorbent Rate:  0.48
- Ply 32: Homogenous 2 ply (32-32)
Caliper: 22.0 Caliper 30.0
Basis Weight: 16.1 Absorb. Capacity 24.7
Macro-Density: 0.73 Wicking Capacity: 14.5

Texture Value: 268 Absorbent Rate 0.64



18 continuous network surface 423 extends a distance D above a woven
reinforcing el ement 443 having woven reinforcing strands 441 and 442.

The drying fabric 119 for formng the ply 31 has about 562 defl ection
conduits 422 per square inch as viewed in Figure 9 (562 cells per square

i nch). The defderdsson conduits 422 have an el ongated shape ¥§% 895"’??3%?“ ne
direction length which is about 48 mls (0.048 inch) and a cross-machi ne
direction width of about 35 mls. The knugkle area (area of the continuous
network 423) is about 36.6 percent of the surface area of the drying fabric
119 as viewed in Figure 9. The distance Dis about 22 mls. The
web is partially dried by dewatering and by predrying with t hrough air
dryi ng apparatus 125 to a consi stency of about 57 percent. The web is

t hen adhered to the surface of yankee dryer Hetpgemsus 2RiwW@HE32r om the
surface of the dryer 116 by the doctor blade 117 at a consistency of

about 97 percent. The yankee dryer is operated afalipgfur f ace sp@gcﬁ of

about 800 feet per mnute. The dry web 124 is woypd onfo a_roll a speed
of 716 feet per minute to provide the web 131, ég ?rgvbaeaﬁ{yy 26%
foreshorteni ng of about 10 percent. The resultj . whe n about
562 and about 620 relatively | ow density donesv@gﬂﬂgg¥ﬂgg argﬁﬁﬁch (the
nunber of dones 184 in the web is between zer o ABgéent Rafe: ab@.egs 10
percent greater than the nunber of cells in the drying nenber 119, due to
dry foreshortening of the web). The ply 32 is forned froma web
132 which is made using a paper machi ne such as that shown in Figure 3.
The sane furnish and procedure as descri bed above with respect to ply 31
are used to formweb 132, except that the drying nmenber 119 is of the
formshown in Figure 10. Referring to Figure 10, the drying nenber 119
has about 45 deflection conduits 422 per square inch, a knuckle area of
about 30 percent, and a dinmension D of about 30 mls. The deflection
conduits 422 have a quasi-quadril ateral shape havi ng curved sides. The
defl ection conduits have a | ength of about 191 mls and a width of about
94 mls. The web 132 has between about 45 and about 50 dones 184 per
square inch. The resulting webs 131 and 132, when conbi ned as shown in
Figure 6 to provide a 2 ply structure 20, have



the follow ng characteristics: WD 97/ 44529

PCT/ US97107999 - 19 Ply 31:
Honogenous 2 ply (31-31) Cal i per: 12.0 Cal i per
24. 7 Basi s Wi ght: 13.6 Absorb. Capacity 19.6

Macr o- Densivyy 9744589 13 W cki ng Capacity: 13.8 PCI/USIINText ure
Val ue 5.5 Absorbent Rate: 0.35 Ply 32:

Honogenous 2 ply (32-32) Cal i pgj. 35.0

Cal i per 42. 8 Basi s Wi ght: 13.6 Absor b.
Capacity 32.8 Macr o- Densi ty: 0. 39 W cki ng

Capacity: 27.0 Texture Val ue: 24.0 Absor bent Rate 0. 68

Example 3: 3 ply

The purpose of this example is to illustrate one method that can be
used to form a three ply embodiment of the present invention. Referring to
Figure 2A, the plies 41A and 41B are formed from webs made on a paper
machine, such as that shown in Figure 3, having a drying member 119 in
the form of a through air drying fabric. The ply 42 is formed from a web
made on a paper machine, such as that shown in Figure 3, having a drying
member 119 in the form of a conventional papermakers dewatering felt.

The following procedure is used to make the webs from which plies
41A and 418 are formed. A 0.1 percent aqueous slurry of papermaking
fibers, water, and additives is formed for deposition on the foraminous
member 111. The aqeuous slurry comprises a mixture of 75:25 by weight
NSK (northern softwook Kraft) and SSK (southern softwood kraft) paper
fibers. The additives include a wet strength additive and a dry strength
additive. The wet strength additive comprises an effective amount of
epichlorohydrin adduct in the form of about 22 pounds KYMENE 557H per
ton of dry fiber weight. The dry strength additive comprises an effective
amount of Carboxy Methyl Cellulose in the form of about 5 pounds of CMC
7MT per ton of dry fiber weight.

The slurry is deposited onto foraminous member 111 (a Fourdrinier
wire of a 5 shed, satin weave configuration having 87 machine direction and
76 cross-machine diraection filaments per inch), and dewatered to a
consistency of about 17 percent. The resulting embryonic web is then
transferred to the drying member 119, which is in the form of a through air
drying fabric as shown in Figures 11. The drying fabric 119 for forming the
plies 141A and 141B has about 75 deflection conduits 422 per square inch
as viewed in Figure 11. The knuckie area (area of the continuous network
423) is about 39 percent of the surface area of the drying fabric 119 as
viewed in Figure 11. The distance D is about 16 mils.

The web is partially dried by dewatering and by predrying with
through air drying apparatus 125 to a consistency of about 57 percent. The
web is then adhered to the surface of yankee dryer 116, and removed from
the surface of the dryer 116 by the doctor blade 117 at a consistency of
about 97 percent. The yankee dryer is operated at a speed of about 800



Het er ogenous 2 Ply 31-32:

Cal i per: . 34.6 Absor b.
Capacity 28.1 W cki ng Capaci ty
23.2 Absor bent Rate: ?92
Units: Unl essvostiessys se specified, caliper is reported in nFFE’US’Hé?g .

wei ght In | bs/3000 square feet; macro-density in | b/3000 square feet-m |,

Texture Value in mls, Absorbent Capaci2y in granms per gram W cking

Capacity in grans per gram and Absorbent Rate in granms per second.
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paper nmaki ng fi kgrdsabolit B8 dontet i 84ipért square ir@hforrred for deposition on the
foram nous nmenber 111. The aqeuous slurry conprises a m xture of 63: 20: 17
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aqeuous slurry comprises a mixture of 60 40 by weight NSK and CTMP.
The additives include a wet strength additive, a dry strength additive, a
wettability agent, and a softness additive. The wet strength additive
comprises an effective amount of epichlorohydrin adduct in the form of
about 22 pounds KYMENE 557H per ton of dry fiber weight. The dry
strength additive comprises an effective amount of Carboxy Methyl
Cellulose in the form of about 3.7 pounds of CMC 7MT per ton of dry fiber
weight.  The wettability agent comprises an effective amount of
Dodecylphenoxy poly(ethylenoxy) ethanol in the form of about 2 pounds of
IGEPAL per ton of dry fiber weight. The Softness additive comprises an
effective amount of Quaternary ammonium compound in the form of about 5
pounds of DTDMAMS per ton of dry fiber weight.

The slurry is deposited onto foraminous member 111 (a Fourdrinier
wire of a 5 shed, satin weave configuration having 87 machine direction and
76 cross-machine direction filaments per inch), and dewatered fo a
consistency of about 14 percent. The resulting embryonic web is then
transferred to the drying member 119, which is in the form of a conventional
papermakers dewatering felt having a relatively smooth web support
surface. The felt is an Albany XYJ 1605-7 felt (precompressed) supplied by
Albany International Corporation.

The web is partially dried by dewatering and pressing the web and
felt to provide an intermediate web having a consistency of about 39
percent. The web is then adhered to the surface of yankee dryer 116, and
removed from the surface of the dryer 116 by the doctor blade 117 at a
consistency of about 96 percent. The yankee dryer is operated at a speed
of about 3200 feet per minute. The dry web 124 is wound onto a roll at a
speed of 2712 feet per minute to provide the web 142 The web 142 is dry
foreshortened about 15 percent.



ton of dry fiber weight. The dry strength additive conprises an effective
anmount of Car.boxy -Methyl Cellulose in the formof about 5 pounds of CMC
7MI per ton of dry fiber weight. The wettability agent conprises an

ef fective anount of Dodecyl phenoxy pol y(ethyl enoxy) ethanol in the form of
about 1.5 pwondassed | GEPAL per ton of dry fiber weight. TRETESIHHEIs
additive conprises an effective anount of Quaternary amoni um conpound in
the formof about 1.3 pounds of DIDMAMSger ton of dry fiber weight.

When formng the web fromwhich ply 31 is made, the slurry is deposi ted
onto foram nous nenber 111 (a Fourdrinier wire of a 5 shed, satin weave

confi gurati on haviTig SyigRdS 1414514208n8 4180 wheAXBmbind &8 ishgwfl! T Cti on
filaments per,ipch ?ndél tered.to %c%nsg stenCé OF‘F out _per cent
just prior toM 4§57 Q) %@"Wg?rt?e Rlygstrygiure. €0, Y?\é e follewingni ¢ web
i s then transéharadeéristicst he dryi ng nenber 119 to provi de wet

foreshorteni ng of about 3 percent. The drying nenber 119 is in the form of
a through air drying fabric as shown in Figures 9 and 12, and such as is

general |y desgy.ihed, i yove referenced U,$. patent i The
drying fabri c&@f@%r(ﬂfq#@?m ng the ply 31 Hi@g%df&yﬁi}ﬁézﬁi&)l on

conduits 422 per inch as yeawed i n Fi gureQak 240 cel | r square

i nch). The knuckl Zééa‘?;eeg (area ofi?%e conti nuouscparll' i\(/vork 423) S?é'gsabout 25

percent of the surgagewsdignet: of thgedryi ng fabrip@saﬁgcﬁ@agi@v\egh.gn Figure 9.

The distance D is about 22 mls. The web is partially dried by -
dewat eri ng and by MacrocBeénsitywi t h0.535t hr ough ai WigkingrCapasityr a1&8 125 to a
consi stency of abaqut 63 \Peircent. The WO 97/ 44529

PCT/ US97/ 07999. - TextureValue — 17.7 Absorbert Rale  0.9Geh i s then

adhered to the surface of yankee dryer 116, and renoved from

Ply 42: Homog. 3 ply (4242-42)
Caliper: 6.0 Caliper 266
Basis Waight: 125 Absorb. Capacity 154
Macro-Density: 2.08 Wicking Capacity: 8.27
Texture Value: - <1.0 Absorbent Rate  0.24
Heterogenous 3 .Ply 41A-42-41B:
Caliper: 40.8

Absorb. Capacity 26.5
Wicking Capacity: 17.7
Absorbent Rate: 0.86



the surface of the dryer 116 by the doctor blade 117 at a consistency of
about 97 percent,.and to provide a dry foreshortening of about 10 percent.
The resulting web has a basis weight of about 13.1 pound/ 3000 square feet.
The resulting web has between about 240 and about 262 relatively | ow
density donewolAmer square inch (the nunber of domes 184 PQT"(%E“’W:"‘GW s
bet ween zero percent to about 10 percent greater than the nunber of cells
in the drying nmenber 119, due to dry foRgshortening of the web).

Ply 32 is forned as follows: a 0.1 percent consistency aqueous slurry of
paper maki ng fibers, water, and additives is fornmed for deposition on the
foram nous menber 111. The aqgeuous slurry conprises a m xture of
65.6:23.1:11.3 by weight NSK, CTMP, and broke. The additives include a

wet strength aB@mplest: 3plry strength addltlve a wett abi Iity agent, and a

ft ddit t st th ad t t
ol ness 2 e, e oloes B B AR 5 b pies B
per ton of dryedbbdimentisgth as Wat shioymdn Flguye IEBadfha hoae Dlymbmhmeamf
SELﬁﬁL' ‘éfe afFy Exafip l&%&ioeaéfs Metpauérlr%glr 'ralaqs (ervfm eﬁt 8
corrpr'i ses an %&@Pﬁ’t"a ﬁPyH ?_56?18894 Qqu'BBW ﬂ%ﬁ‘ et hanol

in the form of 42B. Rlpdd is farmed frdm thie saﬁ@upqowebtfmm wvhichr plids 8¢A and ght .

The Soft
e S A e L AR RS,
dry fiber weighfpe web from emmed,dm Wﬁmchmﬁy@ﬂ "9 nade,

the slurry is hetec@nmusecblppbpeﬁmudnmtﬁms&hamhannglﬁfbpémdiourdr| nier wire
of a 5 shed, satin weave configuration having 87 machine direction and
76 cross- machine direction filanments per inch), and dewatered to a

consi stency of about 17 percent jus rior to nsfer, ta dryi ng nenber
119. The resulting enbryoni ¢ web is%k@?ﬂ%éé@% B&ﬁe drying
menber 119 to provide wet foreshorteni ngcl;g, qibout 2.5 porgcent. The
drying menber 119 is in the form of ath LP air drying tabric as shown

in Figures 11 and 12, and such as is gew%ycgml bedg n above
referenced U. S. patent 4,529, 480. The drying fabric 119 for

form ng the ply 32 has about 97 defl ecti on Wicking@apacity1223@er square inch
as viewed in Figure 11 (97 cells per square inch). The knuckl e area
(area of the continuous network 423) is abofsorbent Rate: 0.6

in alternative embodiments of Examples 3 and 4, the ply 42 in
Example 3, and the plies 42A and 42B in Example 4 can be made from
webs having multiple basis weight regions with a high basis weight region
comprising an essentially continuous network, as described in U.S. Patent
5,503,715 to Trokhan. The webs from which the plies 42, 42A and 428 are
obtained can be formed by depositing an aqueous siurry onto a foraminous
member 111 which comprises a plurality of discrete protuberances joined to
a reinforcing structure, each protuberance having an orifice (as is described
generally in U.S, Patent 5,503,715). One suitable forming member 111
includes about 200 protuberances per square inch, each protuberance
extending a distance D of about 5.5 mils above the reinforcing structure.
The top surface areas of the protuberances comprise about 28 percent of
the surface area of the drying member (knuckle area of the protuberances is
about 28 percent). The reinforcing structure can be a 90 x 72 triple layer
construction woven wire, available from the Appleton Wire Company.
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22 percent of the surface area of the drying fabric 119 as viewed in
Figure 11. The distance D is about 15.9 mls. © The web is
partially dried by dewatering and by predrying with through air drying
appar at us 1w 94589 consi st ency of about 63 percent. The REHFPEPHen
adhered to the surface of yankee dryer 1 16, and renoved from the surface
of the dryer 116 by the doctor blade 1128at a consi stency of about 97
percent, and to provide a dry foreshortening of about 4.5 percent. The
resulting web has a basis weight of about 16.1 pound/ 3000 square feet.

The resul ti ngTESY RROCEDURES: about 97 and about 102 relatively | ow
density domes 184 per square inch.. The resulting webs 131 and 132,
when conbi ned as epnare; glaced incattempesatucs: (&3 2+/p|2) Fahrenteit) @rdo, have
the fol | ow norefdtiveanirfidity (50 - 2 percent] Yortddlled location for at least 2 hours

2700 " * PHighap ISRty festing i conplitallnder thegp arditons, oci 1y 255 |

Macr o- Densi t YAbsorBeft?C ity: W cking Capacity: 17.2 Texture
Val ue 15.3 soroe apaﬁbgorbent Rate: 0.48

The absorbent capacity is a measure of the ability of a paper
structure, while supported horizontally, to hold liquid. The absorbent
capacity is measured using the following procedure: A full size (11 inch x
11 inch) shest is supported horizontally in a tared filament lined basket and
weighed to provide the weight of the dry sheet. The filament lined basket
has crossed filaments which serve to support the sheet horizontally. The
crossed filaments permit unrestricted movement of water into and out of the
paper sheet. The sheet supported in the basket is lowered into a distilled
water bath having a temperature of 73 +/- 2 degrees F for one minute. The
basket is then raised from the bath, so that the sheet is allowed to drain for
1 minute. The basket and sheet are then re-weighed to obtain the weight of
the water absorbed by the sheet. The absorbent capacity, in grams/gram, is
calculated by dividing the weight of the water absorbed by the sheet by the
weight of the dry sheet. The absorbent capacity is reported as an average
of at least 8 measurements.

Absorbent Rate and Wicking Capacity:

The absorbent rate is a measure of the rate at which a paper
structure acquires liquid by wicking. The wicking capacity is a measure of
the weight of water wicked into a sample per gram of sampie dry weight.
The absorbent rate and wicking capacity are measured using the following
procedure. The sample sheet, which is cut into a circular shape having a 3
inch diameter, is supported horizontally on a tared filament tray. The weight
of the dry sample is determined. '

A vertical tube having a diameter of 0.312 inches and holding a

column of distilled water is provided. The tube is supplied with water from a

reservoir to provide a convex meniscus adjacent the lip of the tube. The

~ water ievel in the tube is adjustable, such as by a pump, so that the

meniscus can be raised to contact a sample sheet positioned above the lip
of the tube.



Ply 32: Honogenous 2 ply (32-32)

Cal i per: . 22.0 Cal i per 30.0 Basi s Wi ght:
16.1 Absorb. Capacity 24.7 Macr o- Density: 0.73

W cking Capacity: 14.5 Texture Val ue: 26. 8 Absor bent
Rate 0. 64 wWo097/44529\\0 97/ 44529 PCT/USH7/07999 - -
PCT/ US97/ 07999 : 23 -

Het er ogenous 2 Ply 31-32: 29

Cal i per: 27.9 Absor b.
Capacity 26.7 : W cki ng

gaggCi ty 22.0 The sample sheet supported in the filament tray is positidhsdabevé Rat e:

the vertical tube, such the the filament tray is about 1/8 inch above the lip of
the tube. The water level in the tube is then varied so that the meniscus
contacts the sample, after which the pressure used to raise the meniscus
(about 2 psi) is reduced to zero. The weight of the sample sheet is
monitored as water is taken up by the sample. Time zero is set at the
instant when the sample first takes up water (first change in balance reading
from dry weight). At time equals two seconds (two seconds after time zero),
the contact between the meniscus and the sample sheet is broken by
suction (about 2 psi) applied to the water in the tube, and the wetted sample
weight is recorded. The wetted sample is weighed after breaking contact
between the meniscus and the sample so as not to inciude surface tension
in the weight measurement.

The absorbent rate is the weight of the wetted sample minus the
sample dry weight, divided by 2 seconds. A small positive pressure (about
2 psi) is applied to the water in the tube to cause the meniscus to recontact
the sample. The weight of the sample is again monitored until time equals
180 seconds. At time equals 180 seconds, the contact between the
meniscus and the sample sheet is broken by suction (about 2 psi) applied to
the water in the tube, and the wetted sample weight is again recorded. The
wetted sample is weighed after breaking contact between the meniscus and
the sample so as not to include surface tension in the weight measurement.
The wicking capacity is calculated as the wetted sampie weight at 180
seconds minus the dry weight, divided by the dry weight. The absorbent
capacity and wicking capacity are each reported as an average of at least 4
measurements.

Texture Value:

The texture value is a measurement of the non-embossed, wet
formed texture of a surface of a tissue paper web. Each surface of a ply can
be measured and assigned a texture value. Generally, if only one texture
value is provided, it is the higher texture value for the two surfaces of a ply.
Mechanically embossed texture, such as that imparted to the plies when the
plies are combined, is not measured The texture value of a surface is

" determined by scanning a surface of a ply with a transmitted light
microscope, and determining the elevation difference between a local high
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3 ply The purpose of this exanple is to illustrate one nethod that
can be used to forma three ply enbodi nent of the present invention.
Referring twoomdsegure 2A, the plies 41A and 41B are for n®@TSHNRTMOLS nade
on a paper- machi ne, such as that shown in Figure 3, having a drying
menber 119 in the formof a through g'gr drying fabric. The ply 42 is
formed froma web made on a paper machi ne, such as that shown in Figure

3, having a drying menber 119 in the formof a conventional papermakers

dewat ering f epdint (peak) and a-ﬁhéﬂf'ééﬁr{t(l&ééigo\@(rgéwq%&yb% S54HiEAarRER dfhe vebs
fromwhich pli. 4 and B,are farne A Q. 1 rcent aqueous.slurry of
paper maki ng V'%?’bé?%e_, e%é‘f%?’?@&rﬂﬁﬁ%lﬁ'r’&?%gf??M'ﬁrﬂ‘r&g@ﬁ\‘ "}f@gﬂ‘sﬁ‘fﬁ”&ﬁf on the
foram nous teemkining B plyhwith gthes plies laforp a owilipiesply productt dioweyer,75: 25 by
wei ght  NSK theasxtirs valge chnafo s asta)n%:ﬁ%érﬁaafcbﬁfram%muwy@p@r aft)
paper fibers, 'Iihe addj t e§ i.ngl ude t strength additjve and a dry
strength  adtfiR 999”?"#@4/\%? eny gﬁ’al"'?? %&ﬁ?’?ﬁ \Féeéﬁa’&yi crebiging-thecpliasy e

anount of e(ei @ lembasising) are acidocluded in the rheasurerhenbout 22 pounds KYMENE
557H per ton of dry fiber weight. The dry strength additive conprises an

effective  anountVh§ eleyatien Jiffgience iscdetlepmined by, vaning therfesusaefolre 5
pounds of CMimicrdedbppsant aecording the idifferened {1focus positions BSEvesnUtheY | S

deposi ted ont r 111 Arl 0l shed,
satin weave. cood8 g8 ABReHE VIRlys i wienoid S \ibd "o milduferibnd are

cr oss- nachi rieMade 8Bt sAMPple|reaswringRbout 3 dnghes:hydt.§doghes: ctha difference
consi stency obetweent 15 adeeAt peakd Hhdr ealleys i dte MBRSUEAT AndValelagelN@n

transferred t ryi lgh is,nasthe formof a through air
drying fabri Cﬁ’rggﬁghgﬁgi{iﬂnﬁ? ﬁésé%%m%a&?yl r‘i‘gqpﬁb?xeg'%af‘grafﬁ‘m gg t he
plies 141A arkbiadive (Rumesisal aperture st 0.36) isorseddntisamples raving moraithas i nch
as viewed in sbaLir€50l peaks)pek 84Qktecinehe and & 48x WyepltRecand isRUsBISctivat Wor k
423) is about qﬁﬁw f %1 _tQ rfac r f [the d'rexlrwafggrlc (19 as
viewed in Fi g{J k}:%?é %E st ﬁég&d’%ﬁﬁﬁgﬁp%é '!ﬁ"ﬁch;; n 0%50 bis
partial |y driRenksypeeaguere inFhandA bSui mjcnoscape; whi s0any readoutdr yi ng
appar at us 125inHikafing ®he idiferérice i eRVatEn BEWRRINCNY foctd Bettingdal d Zelshen
adhered to tthiﬁHl%aﬁgng%tt\é%%&% lﬂ{c)(gsrco%& E\S'mhaan ﬂlicr 6code. l{croggnsory The

Microcode accessory records the range of focus settings in millimeters,

which can then be converted to mils.

- For instance, where the sample includes the wet formed domes 184
and network 183, the microscope focus would be varied to bring into focus
the top of a dome 184. The microscope focus would then be varied to bring
into focus the surface of an adjacent portion of the network 183. The
difference in elevation for the dome and adjacent network would be
recorded. This process would be repeated to provide 15 dome/network
elevation differences. The 15 elevation differences are then averaged to
provide the texture value of the surface. The difference in elevation
between a dome and adjacent network surface is represented as E in Figure
5. '

Caliper

The caliper of a single or multiple ply sample is a measurement of
thickness under a prescribed loading. The caliper of a ply is measured
using the following procedure: A dial indicator is used to measure the



the surface of the dryer 116 by the doctor blade 117 at a consistency of
about 97 percent. -The yankee dryer is operated at a speed of about 800

WD 97/ 44529

PCT/ US97/ 07999. . 25 f eet per

m nute. The avoyom@ses124 is wound onto a roll at a speed of FABUSYPER--per
mnute to provide the web 141A (or 141B), with dry foreshortening bei ng
about 10 percent. The web 141A (or 141B) §es between about 75 and about
85 dones 184 per square inch. The foll ow ng procedure is used to
make the web fromwhich ply 42 is formed. A 0.1 percent aqueous slurry of

paper maki ng fi Qﬁickne&@fo?rtheaé%piea\ﬂﬁe?'é/%‘énip‘ﬁeééiiié%cﬁﬁﬁ d1|6953 érh@"pé?” the
foram nous nmenber 111. The . 6uou€D°?I urr %n%r@b% x+ure ﬁ 60: 40 by
wei ght NSK and YSH#E® '“Chl'ng"’é‘?ﬁﬂ ?’?‘8‘?@'{ hiDRygplReFds o dry
strength addi tlmpprtadaswbeaam'abetoyahlgaata swrdmaasmrbmeats addi tive. The wet

strength additive rises an effective anmount of epichlorohydrin adduct
in the form of a%b&ﬁ@g b pounds KYMENE 557H per ton of dry fiber weight.

Gol 1l bse n' the foriHepakl BEH 1S ?Uﬁ%sﬁ'r% BF.1pS SusRA. Pl St o8 o 1 b
wei ght. The wesaraplel i The hasia weighd of & samplecis measuredaksingttheffollowing
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pounds of DTDMM*B%ﬁr 'ﬂ'bh m!gmr per 128 rsqwaghm% is then conMered|tarunitsi of

deposited onto phArE P BO0DESHRIe fobt. (Theftusislvehe s repcmeaeas)én avérageed,

satin weave conf g &bl on_having 87 machine direction and
cr oss- machi ne d? MeAFYEMS per inch), and dewatered to a
consi stency of ﬁQQH—DéﬂsiRﬁrcem' The resulting enbryonic web is then

The macro-density is the basis weight of a sample divided by its
caliper



transferred to the drying nmenber 119, which is in the formaf _a
conventional . papermakers dewatering felt having a rel QTN®ISHEETMASE
support surface. The felt is an Al bany XYJ 1605-7 fel§ (pregepacepse
suppl i ed by Al bany International Corporation. . —
partial |y dmweslndagodewat eri ng and pressing the web and Pet/ust7a799s OVi de
an i nternedi ate web having a consi stency of about 39 percent. The web is

t hen adhered to the surface of yankee %Eyer 116, and._ removed fromthe
surface of the dryer 116 by the doctor blade 117 at a |stency of
about 96 percent. The yankee dryer is operated at a 3200
feet per mvw{AT ISTOEAMEDWSP 124 is wound onto a rol WIII//? of 2712
feet per minute to provide the web 142. The web 142 i's M rtened
about 15 percent. WO 97/ 44529
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resul ti ng webs Pumultipleiply tigsue product opreprisingtbi ned as shown in Figures 7
structure 20, haye the foll ow ng

and 8 to provide
characteristics® ﬁ5§p& §°'REA Pg 2 P3RS web having a W"t'"UO%ﬂWOﬂS region
(41A- 41A 41)aylng a relatively| lmphrdensnty and X5 discrete regions pefoéduiré inch

38.3 SthWUg‘BIBM the é&toﬁumﬁs netyork 5?4}9503% 8&&9’3& t"XQ'O%H ur e

Macr o- Densi I Nng
Val ue f‘ag""g rel&tivaly low denstiesid Rate 0. 96

a second ply comprising a paper web having a continuous network region
having a relatively high density, and Y discrete regions per square inch
dispersed throughout the continuous network region, the discrete regions
having relatively low densities; and

wherein Y is less than X,

2 The multiple ply tissue paper product of Claim 1 wherein the ratio of X to
Y is at least about 1.5, and more preferably at least about 2.0.

3. The muitiple ply tissue paper product of Claims 1 or 2 wherein the value
of X is at least about 100; and wherein the value of Y is less than about 250.

4, The multiple ply tissue paper product of Claims 1, 2 or 3 wherein the first
ply has a caliper, and wherein the second ply has a caliper which is at least
about 1.25 times, more preferably at least about 1.5 times, even more preferably
at least about 2.0 times, and most preferably at least about 2.5 times the caliper
of the first ply.

5. The muitiple ply tissue paper product of claims 1, 2, 3, or 4 wherein:

each of the n plies has an associated homogenous n ply absorbent
capacity;

wherein at least one of the n plies has a homogenous n ply absorbent

capacity greater than the homogenous n ply absorbent capacity of at least one
of the other plies; and

" This Sheet Has Been Reli

i
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Absorb. Capacity 15.4 //I!l//” 08 REPLAGEDKi ng
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and 42B are forne fromthe sane

6. The multiple ply tissue paper product of Claims 1, 2, 3, 4, or 5 wherein
each of the n plies has an associate homogenous n ply absorbent rate, and
wherein the muitiple ply tissue paper product has an absorbent rate greater than
the average of the homogenous n ply absorbent rates of the n plies.

7. The multiplé ply tissue paper product of Claims 1, 2, 3, 4, 5, or 6 wherein
the second ply has a macro-density which is at least about 1.5 times, and more
preferably at least about 2.5 times the macro-density of the first ply.

8. The multiple ply tissue product of Claims 1, 2, 3, 4, 5, 6 or 7 wherein the
relatively low density, discrete regions of the first ply have a shape different
from that of the relatively low density, discrete regions of the second ply.

\m\li\‘ il \‘iﬂiii‘“ |



type web fromwhich ply 42 is fornmed in Exanple 3. The resulting
het er ogenous 3 ply paper product has the foll ow ng properties:
Het erogenous 3 Ply 42A-41-42B:

Cal i per 27.8 Absor b.
Capacity 22. BVO 97144529 W cki RgTESHEAE ¢
13.4 Absorbent Rate: 0.6

In alternative enbodi nents of Exanples 3 and 4, the ply 42 in Exanpl e 3,
and the plies 42A and 42B in Exanple 4 can be made from webs having

mul tiple basis weight regions with a high basi s wei ght region conpri sing
an essentially continuous network, fzggrlbed in U S Patent 5,503, 715
to Trokhan. The webs from which the pI 42, 42A and 428 are obt ai ned
can be forned by depositing an aqueous slurry onto a foram nous menber
111 which conprises ajgguralityg®f discrete gotuberance r@Pned to a
reinforcing stru C ance havdadg an orijfce S |s scri bed
generally in IH.Sgtﬁ‘li‘ate t 187 4 ne suifable fo I ng léj @’e

i ncl udes abo : '

t he surface gre :
about 28 percgent). e ‘i
construction en «Wﬁe F4bl ¢g8rom t he Appleton Wre Cbnpany

WO 97/ 44529
PCT/ US97/ 07999. . Flg 1A

r &i




28 TEST PROCEDURES: Sanmpl es are placed in a tenperature (73
+/- 2 Fahrenheit). and relative humdity (50 +/- 2 percent) controlled

| ocation for at |least 2 hours prior to testing. Testing is conducted
under these conditions. Absor bent Capacity: The %ﬁﬁgﬁggﬂ}
capacity is gswowomasmwe of the ability of a paper structur&® o
supported horizontally, to hold liquid. The absorbent capacity is
measured using the follow ng procedure: A full size (11 inch x 11 inch)
sheet is supported horizontally in a t§3¢ filament |ined basket and

wei ghed to provide the weight of the dry sheet. The filanent |ined basket
has crossed filanments which serve to support the sheet horizontally. The
crossed filanents permt unrestricted novenent of water into and out of the
paper sheet. The sheet supported in the basket is lowered into a distilled
wat er bath having a tenperature of 73 +/- 2 degrees F for one mnute. The
basket is then raised fromthe bath, so that the sheet is allowed to drain
for 1 mnute. The basket and sheet ar¥ then re-weighed to obtain the

wei ght of the water absorbed by t8e s¥eet. The absorbent capacity, in
grans/gram is cal cul ated by divi gi ng\t eavﬁgght of the water absorbed by
the sheet by the wei ght of the dr i The absorbent capacity is
reported as an average of at | oA ge2sdrement s. Absor bent Rate and

W cki ng Capacity: Y-
whi ch a paper structure- acq'/res l'i qui d\by wi cking. The w cking capacity
is a neasure of the weight pf water wickled into a sanple per gram of
sanpl e dry wei ght. The absoflbent rate and Wi cki ng capacity are neasured
using the foll ow ng procedung. The sanmpfe sheet, which is cut into a
circul ar shape having a 3 i Y/, 1S suppor d horizontally on a
tared filament tray. The wei ght det er m ned.

A vertical tube having a dianeter ¢ Be” and hol ding a col um
of distilled water is provided. The ol i ed with water froma
reservoir to provide a convex neniscus adjacentlthe lip of the tube. The
wat er | evel in the tube kﬁ adjust: by a punp, so that the

meni scus can be raised to= u..itsitioned above the lip
of the tube.

I8




WD 97/ 44529

PCT/ US97/ 07999: . ‘ 29 The
sanpl e sheet supported in the filanent tray is positioned above t he
vertical tube, such the the filament tray is about 1/8 inch above the lip
of the tube. WPt er level in the tube is then varied soPCRaowd7999..
nMeni scus contacts the sanple, after which the pressure used to raise the
meni scus (about 2 psi) is reduced to zero. The weight of the sanple sheet
IS nonitored as water is taken up by the sanple. Tinme zero is set at the
i nstant when the sanple first takes up water (first change in bal ance

readi ng fromdry weight). At tine equals two seconds (two seconds after
time zero), t he contact between the jscus and the sanple sheet is

br oken by suction (about 2 psi) app to the water in the tube, and the
wetted sanple weight is recorded. The wetted sanple is weighed after

br eaki ng cont act bet ween the neni scus and the sanple so as not to include

surface tension in the wei ght neasurenent The absorbent rate is
t he wei ght of the wetted sanple mnus the sanpl e dry wei ght, divided by
2 seconds. A small positive pressure (about 2 psi) is applied to the
water in the tube to cause the neniscus to recontact the sanple. The
wei ght of the sanple is again nonitored until tine equals 180 seconds.
At tinme equals 180 seconds, the contact between the meni scus and t he
sanpl e sheet is broken by suction (about 2 psi) applied to the water in
the tube, and the wetted sanple weight is again recorded. The wetted
sanple is weighed after breaking contact between the neniscus and t he

sanpl e so as not to include surface tension in the weight neasurenent.
The wi cking capacity is calculated as the wetted sangpl e wei/gpt at 180

seconds minus the dry wei gl#83+\di vided by the dry ‘-'dht. The absor bent
are each reported ag an aveyage of at |east 4

capacity and w cking capacity
measur enent s.

184 1 183 183 184 180




Texture Val ue: The texture value is a nmeasurenent of the

non- enbossed, wet - forned texture of a surface of a tissue paper web.
Each surface of a ply can be neasured and assigned a texture val ue.
Generally, if only one texture value is provided, it is the higher
texture val ue WOP744R®2 two surfaces of a ply. Mechani cal | yPEHHSAIHEIO - -
texture, such as that inparted to the plies when the plies are conbi ned,
is not neasured The texture value of a surface is determ ned by scanning
a surface of a ply with a transmtted |} qa m croscope, and determ ning
the el evation difference between a Ioca E%h WO 97/ 44529

PCT/ US97/ 07999 .. 30 poi nt (peak)
and an adjacent local low point (valley) in a particular field of Vi ew.
The texture value of the surface of a plapg s preferably nmeasured prior to
conbining a ply with other plkﬁs to for ﬁ; mul tiple ply product. However,
the texture value ca 8 e - ab+mt ngo :n1a sanple cut froma multiple
ply sanpl e, providg > q- fdatures created by conbining the
plies (e.g. enbos in the nmeasurenent. The
el evation difference i hg the focus of the

m croscope, and recordif i : |t|ons bet ween the
peaks and adj acent valz sinth Yeajurenents are

made on a sanple nea > The difference

bet ween 15 adj acent D¢ 2 d averaged to

provide the texture vg§ —e-a5\ur A 10x eyeplece and a 10x

obj ective (nuneri cal ETt gbg = Og%ﬁ sarrpIdFl >g B9 nore than
about 150 peaks per square Tnch, 0x ey I ece and 5X20bj ecti ve
(nunerical aperture = 0.15) |slgged f sanpl es having | ess than about 150
peaks per square inch. A suitable m croscope which has an readout

43 Fig. 7
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indicating the difference in elevation between two focus settings is a Zeis
Axi opl an Transm tted Light Mcroscope with a Mcrocode 11 Accessory. The

M crocode accessory records the range of focus settings in mllineters,

whi ch can then be converted to mls. For instance, where the

sanpl e i ncl udS¥OPH#S¥et forned domes 184  and network 183, PEBURIIOT®8cope
focus would be varied to bring into focus the top of a done 184. The

m croscope focus would then be varied to bring into focus the surface of
an adjacent portion of the network 183. The difference in elevation for

t he done and adj acent network mouldfgg' recorded. This process would be
repeated to provide 15 done/ network evation differences. The 15

el evation differences are then p -raged to pipvi de the texture val ue of
the surface. The difference -vatlon {€en a done and adj acent
networ k surface i H9repr G Py LI ' The
cal i per of a single onwinf 5 ,q‘ ] R ' 22 t hi ckness
under a prescribed | oadij X usi ng the
fol |l owi ng procedurg: I
97/ 44529 o A £ G \ g ,
31 t hi ckness og " ¢ : ; ﬁadlng of 95 grans per
square inch provi by p B B per is
reported as the aver age s Basi s Wi ght
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The basis weight is a neasure of the weight per unit area of a sanpl e.
The basis wei ght of- a sanple is neasured using the follow ng procedure.
A total of eight plies of 4 inch by 4 inch squares of the sanple are
wei ghed, to provide a weight per 128 square inches of the substrate
(4x4x8). Thi sWRY¥MBper 128 square inches is then converted ¢V ot
pounds per 3000 square feet. The basis weight is reported as an average

of 4 such neasurenents. Macr o- Density The macro-density is
the basis weight of a sanple divided by its cal i per 32
What is clainmed is: 1. A multiple ply tissue product conprising:

a first ply conprising a paper vve6}ﬂ§| ng a conti nuous network region
having a relatively high density; and discrete regions having rel atively
| ow densities dispersed throughout the continuous network, region, wherein
the nunber of discrete regions is X per square ineh; and 423 a second
ply conprising a papeg oA ' rk region having a
relatively high densi relatively | ow
densities dispersed t K regionaﬁmherein t he
nunber of discrete re erein Yis
| ess than X 2. roduct of claim1l
wherein the ratio of

423

422

Fig. 11




. 3. The
XtoYis
of claim1l

val ue'of v 1's 1 oo IMEUAHITIN © 5 ' °“he"mi' ot dREFLACENIERE SHEET

product of
second ply
the first

wherein th
cal i per of
claim6 wh
t he cali per-
of claim?7
tinmes the

33

multiple ply tissue paper product of claim2 wherein the rati

at | east about 2.0. 4. The multiple ply tissue paper pro

32-2
i

claim 1 wierkin"the first plgzhas a caliper,| gnd wherein th¢

has a caliper which is at |east about 1.25 t}i res19NOVa09pe
ply. 6. The nmultiple ply tissue paper prloquct of claim}
e caliper of the second ply is at |east about] IT5 TTTEStHE

WHze isf dldised id: y . 7. The nultiple ply tisque paper product

Df

b f

rein,the. cal| secand ply is at |east about 2.0 tines
of m&f"ﬁ lyq'ﬁFlﬂp prod gcelcompﬁlﬁgg nui tiple ply tissue paper product

wher alﬂﬂsttdhec@ﬂbrismg a cpépérfWebs ﬁ@m@aﬁiohtlmﬁauétnebmﬁ tregfaéw Havirg 5
fet \}%El hig ;n c} nS|ty, an% dlgcrgte regions having relatively Iow cLensmels Elspemed
throughout the continuous network region, wherein the number of discrete regions is X
per square inch; and

a second ply comprising a paper web having a continuous network region having
a relatively high density; and discrete regions having relatively low densities dispersed
throughout the continuous network region, wherein the number of discrete regions is Y
per square inch; and

wherein Y is less than X.

2. The muiltiple ply tissue paper product of claim 1 wherein the ratio of X to Y is at
least about 1.5.

3. The multiple ply tissue paper product of claim 2 wherein the ratio of X to Y is at
least about 2.0.

4. The multiple ply tissue paper product of claim 1 wherein the value of X is at least
about 100, and wherein the value of Y is less than about 250.

5. The multiple ply tissue paper product of claim 1 wherein the first ply has a caliper,
and wherein the second ply has a calipel_' which is at least about 1.25 times the caliper of
the first ply.

6. The multiple ply tissue paper product of claim 5 wherein the caliper of the second
ply is at least about 1.5 times the caliper of the first ply.

7. The multiple ply tissue paper product of claim 6 wherein the caliper of the second
ply is at least about 2.0 times the caliper of the first ply.

8. The multiple ply tissue paper product of claim 7 wherein the caliper of the second
ply is at least about 2.5 times the caliper of the first ply.



. 9. The multiple ply tissue paper product of claim1 having n plies

wher ei n: each of—the N plies has an associ at ed .
LACEMENESHEET

absor bent capacity; rer n at |east one of th
honbgenous n mm\ mr‘\‘! city greater than the MOQENoUS™
absor bent capa ast one of gHhe other plies anq9 (¥]\herei n
the het erogeneotis Srul't i ple ply tissue paper product hag an a%g%r‘lgg t
capacity greater than the average of the honbgeneous |n
capacities of the n plies. 10. The multiple ply tji ssue paper produ t of
claim9 wherein the multiple ply tissue paper product nas—amabsorbent
capacity greater than the maxi num honoge orb nt capacity of
the n pl |g he multiple,ply Pﬁﬂ"t*rpap%rw;m?r’g@ pﬁg\ﬂgg SF‘ claim 10
whter ein ga\m Oéadhfbttrt]ﬁb rﬁ)bllre{ssl'xééﬁr a%@o@éféﬂ%bﬁfo@emmgﬂg@b%rbeﬂdépa@%?r bentt
rate, an erejn e nulti er produc an absor.pen
rate greater t pgrein gt %P&Eé’?o& glﬁ’@ 2’?&‘?@‘*&%9%@%"&% t capadl
the n pl I%’éater thed. the hbfigshdusirplg abkafbémt&&pacuweat Is00hE bf 1Bk dtHre’tlplibé-,

e

wherein t second ply has a macro-density which is at |east about 1.5
times the?Mfher o- density of the first ply. 13. The nultiple ply tissue

paper product whereinath Hetarbgériols i tigie pRNEbsE Ypapas pﬂ)dlIﬂCIﬁa‘s & adsdrbenthi ch

il (1 pl o GARpeRY Saler e aveoe ”?ﬁre%%iqrésﬁn% WPl Shspitent ethbitos ol ooy, |

density, fdphes.ete regions of the first ply have a shape different fromthat
of the relatively |low density, discrete regions of the second ply. 15.

A multiple ply paper product conpri sing: a first ply conprising a
paper web1dnavi Tige nultiple blgrrtlsede papeTt progunt of _RIME Wherell the Hﬁarﬂbl@g)lﬁtrssue

vt g+ obantr Peadief Bas 4n aBReTo e GPScl; artior IRbURS maPhurt FeB R Pt wor K

regi on, absorbent capacity of the n plies.

11.  The multiple ply tissue paper product of claim 10 wherein each of the n plies has
an associate homogenous n ply absorbent rate, and wherein the multiple ply tissue
paper product has an absorbent rate greater than the average of the homogenous n ply
absorbent rates of the n plies.

12.  The multiple ply tissue paper product of claim 1 wherein the second ply has a
macro-density which is at least about 1.5 times the macro-density of the first ply.

13. The multiple ply tissue paper product of claim 1 wherein the second ply has a
macro-density which is at least about 2.5 times the macro-density of the first ply.

14.  The multiple ply tissue paper product of claim 1 wherein the relatively low density,
discrete regions of the first ply have a shape different from that of the relatively low
density, discrete regions of the second ply.

15. A multiple ply paper product comprising:

a first ply comprising a paper web having a wet formed, continuous network
region having a relatively high density; and discrete, wet formed, non-embossed regions
having relatively low densities dispersed throughout the continuous network region,
wherein the number of discrete regions is X per square inch; and



-~

wherein the hUnbe.r of discrete regions is X per square

34 Msr ng a paper web havi rBE- E&QEN] HEET
cont i nuous netwo a relatively high densilty; and discr ¢t g,
wet forned, non: wm havr ng _relatively | oy dent9tNGs 9% per ted
t hr oughout the SH nestvvork regi o84 wherein the|ngmber of discrétg
regions is Y per square I nch; and wherein Y is|less than X 6
The nul tiple pIy paper product of claim 15 wherein the_ratio of Xto Y {s
at | east about The nmultiple ply paper product of claim16

wherein the rat ?&egpn@(p{ycpomqr@mgta Papes ivekHiyingoa wet formgd, confinuoyaumetvptke pl y

paper prOduézjrorOﬁa\ﬁﬁgﬂa meréﬁ/emﬁgreu&msweamuyﬁeef wét fo?mé& r{oﬁae%b ea'f egl&f%? and
wherein thﬁaval ess than about ply

paper prod Y'"%fre@?‘é?'Yn' gifies lispgesed; quugppyt H‘@scg{'t@HWSpélﬁt\NCu degiper ei n

the secondwpepeihtwe rﬁmib%\'bmﬁcré(é'r oh§ns¥pér%§§ére4rb&i=”an& 25 times the caliper
of the first pl }é{‘?‘f"‘(?éﬂ The nultiple ply paper product of claim15

wherein the rel "’r@ﬁ?ﬁ@ﬁgﬁty, di screte regions of the first ply have
a shape different fromthat of the relatively | ow

16.  The multiple ply paper product of claim 15 wherein the ratio of X to Y is at least
about 1.5.

17.  The multiple ply paper product of claim 16 wherein the ratio of X to Y is at least
about 2.0.

18.  The multiple ply paper product of claim 15 wherein the value of X is at least about
100; and wherein the value of Y is less than about 250.

19.  The muitiple ply paper product of claim 15 wherein the first ply has a caliper, and

wherein the second ply has a caliper which is at least about 1.25 times the caliper of the
first ply.

20. The multiple ply paper product of claim 15 wherein the relatively low density,
discrete regions of the first ply have a shape different from that of the relatively low
density, discrete regions of the second ply.



density, di sc‘r"'et‘_.,_e regi ons of the second ply.
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