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to face rel ationshi p. Exanpl es of nultiple- ply paper structures
are shown inthe followng references: U S. Patent 3,650,882 issued March,
1972 to Thomas; U.S. Patent 4,469,735 issued Septenber, 1984 to Trokhan;
and U S. Patent 3,953,638 issued April 1976 to Kenp. The foll ow ng

ref erences di scl ose enbossing or enbossed products or nultiple ply paper
products: U Syo37482s 902 i ssued Feb. 13, 1996 to Shul z; U. Bcriosdmnéss
5,468, 323 issue Nov. 1995 to McNeil and commonly assigned; 4, 300,981

I ssued Novenber 1981 to Carstens; 3,414,459 issued Decenber 3, 1968 to

Wl |ls and commonly assigned; 3,547,723 issued WO 97/ 44528 .

PCT/ US97/ 07998. 2 Decenber 15,

1970 to C?eshanr 3,556,907 issued January 19, 1971 to Nystrand; 3,708, 366
I ssued January 2, 1973 to Donnelly; 3,738,905 issued June 12, 1973 to
Thomas; 3,867,225 i ssued February 18, 1975 to Nystrand and 4, 483,728 issued-
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comercial |y successful paper toweling. I's general |y understood
that a multiple ply structure can have an absorbent capacity greater than
the sum of the absorbent capacities of the individual single plies which

make up the nmultiple ply structure. Above referenced U.S. Patent 3,650, 882

to Thonas discloses a three ply THE INVENTI

The present invention is related to a tissue paper structure, and more
particularly, to multiple ply tissue paper structures.

BACKGROUND OF THE INVENTION

Paper webs made from cellulosic fibers are used in consumer products
such as paper towels, toilet tissue, and facial tissue. Muiltiple ply paper
structures are well known in the art. Such muiltiple 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
la&ers as it is formed on a paper machine, as is also well known in the art.

The individual plies of a multipie.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 muitiple 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 Aprit 1976 to Kemp. The following references disclose embossing or
embossed products or multiple ply paper products: U.S. 5,490,902 issued Feb.
13, 1996 to Shulz; U.S. Patents 5,468,323 issue Nov. 1985 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



which is said to have a water absorbtion capacity which is nore than double
_that of. tworply towels of simlar furnish, and which is said to have an
absorbent capacity which is greater than woul d be expected froma sinple
consideration of the additional anmount of material in a three ply
structure. woorasszgtiovever, conparison of the absorbent capefuioodbs.a
multiple ply structure to the absorbent capacities of single ply paper
structures, or other nultiple ply paper_ structures having fewer plies, is
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PCT/ S97/ 07988 additional amount of material in a three ply structure.

However, comparison of the absorbent capacity of a multiple ply structure
to the absorbent capacities of single ply paper structures, or other muitipie ply
paper structures having fewer plies, is not especially helpful in judging the
performance of the multipie 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 heterogeneous n ply product 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 heterogeneous 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 multi-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, it
.is.desirtable to be able to provide inproved absorbency w thout the need to
i mpart different stress/strain properties to different plies.

Accordi ngly, one object of the present invention is to provide a nultiple
ply paper stnwedmsssashavi ng i nproved absorbent properties. PCTUSITAMNSS her
obj ect of the present invention is to provide a multiple ply paper
structure which achieves a higher absorbegt capacity and rate than
anticipated with respect to other paper structures having the same number
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dnspersed 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 muiltiple ply tissue paper product includes a first ply
comprising a paper web having a continuous network region having a relatively
high density and discrete relatively low density regions dispersed throughout
the continuous network region. The paper product also has a second ply,
wherein the second ply does not include relatively low density regions dispersed
throughout a continuous network region. '

The first ply can have a caliper which is at least about 1.25 times, more
particularly at least about 1.5 times, even more particularly at least about 2.0
times the caliper of the second ply.

The different structures of the plies can provide the heterogeneous
multiple ply tissue paper product with a horizontal absorbent capacity which is
greater than the mean of the homogeneous n ply absorbent capacities of the n
plies, without the need for imparting different stress/strain properties to the
plies, as described in above referenced U.S. Patent 4,469,735.



greater than the nmean of the honogeneous n ply absorbent capacities of the
n. plies, without the need for inparting different stress/strain properties
to the plies, as descri bed i n above referenced U.S. Patent 4469, 735.
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hi ghly textured, patterned plies. Figure 28 is a cross-sectional
illustration of an alternative 3 ply enbodi nent having a relatively highly
textured, patterned ply disposed between relatively | ow texture,

non- patterned plies. K ' Wik UStration of a paper
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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-sectional illustration of an alternative 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 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.

Figure 7 is a schematic illustration of equipment for combining two plies
to provide an intermediate 2 ply structure.

Figure 8 is a schematic illustration of equipment for combining the
intermediate 2 ply structure made according to Figure 7 with a third ply to
provide a 3 ply product according to the present invention.

Figure 9 is a schematic illustration of a drying member in the form of a
through-air drying fabric having a macroscopically monoplanar, patterned,



Figure 4 is a plan view of a paper web having a conti nuous network region

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. Figure 6 is a
schematic illustration of equipnment for conmbining two separate plies to
forma two plyopi4aeisct according to the present invention. PCTUSYNI¥§ qgure 7.
Is a schematic illustration of equipnent for conbining two plies to
provide an internediate 2 ply structure. Figure 8 is a schematic
il lustration of equipnment for comnbining tﬁe intermediate 2 ply structure

made according to Figure 7 with a third ply to provide a 3 ply product
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Figure 12 is a schematic illusiration of a cross-section of a drying fabric

taken along lines 12-12 in Figure S.

DETAILED DESCRIPTION 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 one of the
following properties. caliper, macro-density, basis weight, or texture value. The
caliper, macro-density, basis weight, and texture value of a ply are measured
according to the procedures provided below.

A homogenseous multiple ply paper structure is a multiple ply structure
having plies which are made with substantially the same composition of paper
fiber furnish and papermaking additives, and which are all substantially identical
to one another with respect to all of the above properties (i.e. for any of the



Figure 12 is a schematic 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
het er ogeneous nmultiple ply tissue paper product 20 having n plies. Figures
1A and 1B ayposlagyss-sectional illustrations of 2 ply strecrmsemgs-2). The

I ndividual plies in Figure 1A are designated 31 and 32, respectively. The
plies 31 and 32 are joined at discrete,e spaced apart |ocations by
enbossnments 35. Figures 2A and 2B are cross- sectional illustration of 3
ply enmbodi nents (n=3) of the present invention. The individual plies in
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PCT/ US97/ 079 greater than the maximum of the homogeneous n ply ab8orbent capacities

measured for the n plies. The heterogeneous multiple 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 heterogeneous 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 absorbent 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 for each different ply
used to form the heterogeneous multiple ply tissue paper product.

Then, the absorbent capacity and the absorbent rate for each of the
homogeneous n ply structures are measured. The absorbent capacity and
absorbent rate of each homogeneous n ply structure is measured using the
same procedures used to measure the absorbent capacity and absorbent rate
for the heterogeneous multiple ply tissue paper product. Accordingly, the
absorbent capacity and absorbent rate of the heterogeneous multiple ply tissue
paper product can be compared to those of homogeneous muiltiple ply



above properties, the maximumply to ply difference of that particular

_ property is-less than about 10 percent of the |ower value of the property).
The absorbent capacity and absorbent rate of the heterogeneous nultiple ply
ti ssue paper product 20 are neasured according to the procedures described
bel ow. The hejceymgsgeous nultiple ply tissue paper product SCIISITOMNHe -
present invention can have an absorbent capacity which is greater than the
wei ght ed average of the honbgeneous n pl yyabsorbent capacities nmeasured for
each of the n plies. In one enbodi nent, the heterogeneous nmultiple ply
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het er ogeneousratelcanidecmpasuredJouthe lrarpegeneoas 2cply structuee forplpi32d Ear theose
of hormpgeneougniMisfd B Figlire 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.

Referring to Figure 2A, the heterogeneous multiple ply tissue paper
product 20 has three plies, 41A, 42, and 41B (n=3). Ply 41A is obtained from a
paper web of the same type from which ply 41B is obtained, and ply 42 is
obtained from a paper web different from that of the type from which plies 41A
and 41B are obtained. The associated homogeneous 3 ply structure for plies
41A and 41B is obtained by joining together three paper webs of the type from
which the ply 41A is formed. Likewise, the associated homogeneous 3 ply
structure for ply 42 is obtained by joining together three paper webs of the type
from which the ply 42 is formed. The homogenous 3 ply paper structures are
formed using the same combining method (eg. same adhesive, same
embossing method, same embossing pressure, same embossing pattern, etc.)
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havi ng the sane nunber of plies. Averages can then be calculated for the
honbgenous n ply absorbent capacities and rates. For exanpl e,

referring Ghasise 1A, the heterogeneous nmultiple ply tiset/essmepos-.product
20 has two plies, 31 and 32 (n=2), where ply 32 is not obtained fromthe
sanme type of paper web fromwhich ply 31 is obtained. For instance, ply 32
can have a caliper, macro-density, and Yexture val ue substantially
different fromthose of ply 31. The associ ated honbgeneous 2 ply structure

whi ch t ho oW WK bamBind iy IS 18" 2l GRCRER 1idBeE e doen 2hBry O
structure f'@?tefﬂansQU$§R|)mem!0@§dj264 ni ng together two paper webs of the

type from whi ch he s f, ?@fF The honbgenous 2 ply paper structures
are formed using '?%E&%w arbent rate canthen hermeaasured forthe

enbossi ng nmmogsnems@ plytstmsiu\gfqrrpbsétu\e,l.tkewma ¢indb absorbeniipagity'angt C. )

whi C? |snus Be & bd'eBbind forthd HombsgehBahs Sudtfe ol E 0
net crogenacge Sl G e e ﬁi@ﬁ?’ﬁwﬁf&;&i}e and

et ure
I(ﬁr El y 31. samammmmmmtpwmmmmcmmvsmbe ofthe ioabganol® asplyed for
e honogengoutipant? rcarlﬂlff 0 gure
1A, the aver Wg 3?1 Eﬁg&ﬁ{.&? %gnrgo%és) n atagbsor%eh{é?gm%a érﬂég th
aver age of ogenagusdply @adsaben WSured for the hom)geneous 2 ply

structure for ply 31 and structure for ply 32.
Simlarly, the average ofﬁmxmga :@ézﬁ%?’y absorbent rates is the
rean g}‘ yt giwgb.%pAéwA i m&ﬁoﬁsgégucﬁﬁ 4 i Bly %ﬁ%{ﬁﬁ%ﬁ%ﬂ% %:;Phh%f fpture
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Likewise, the average of the homogeneous n ply absorbent rates can be
calculated as a weighted average of the homogeneous 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 homogeneous 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 highly
textured, high caliper, relatively low macro-density ply with a relatively lower
textured, low caliper, relatively higher macro-density ply. Such different
characteristics can be imparted to paper webs, at least in part, through the
selective use of papermaking fabrics and methods. In particular, the texture
value is a measure of the wet formed, non-mechanically embossed texture of
the surface of a ply prior to combining the ply with other plies.

The texture value does not include mechanically embossed features.
Such embossed features imparted to the web when after it is dried may be at
least partially destroyed when the web is wetted. Wet formed texture features
imparted on the ply while the ply is on the paper machine (such as those
imparted to a web by through air drying on the drying fabric of a papermachine
or by wet pressing prior to drying) are included in the texture measurement.
Such wet formed texture features can better maintain their structure when



product 20 has three plies, 41A, 42, and 416 (n=3). Ply 41A is obtained
froma. paper web of the sanme type fromwhich ply 41B is obtained, and ply
"42 is obtained froma paper web different fromthat of the type from which
plies 41A and 41 B are obtai ned. The associ ated honbogeneous 3 ply
structure forypdirfases 41A and- 41 B i s obtai ned by joining toREH/VRIIOTNG ee
paper webs of the type from which the ply 41A is fornmed. Likew se, the
associ at ed honogeneous 3 ply structure fgr ply 42 is obtained by joining
toget her three paper webs of the type fromwhich the ply 42 is formed. The
honogenous 3 ply paper structures are forned using the sanme conbi ni ng

net hod (eg. sgteddBgsdcidly witdrta m%%gmﬁ asKYMERES is'gddddes ur e,
same enbossin el c. .
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t he absor bent individoak gliesraf aaimsiliipleeply pradactc Reforingdta Figure 3, & héddbox 118
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and ACA2 is t feembefiddhs@nscamprise anRiyFiky:of disrrete: protuherances, 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.

The embryonic web 120 is then transferred to a drying member 119,
which is in the form of an endless beit carried about a series of rolls in the
direction shown. The n ply structures of the present invention can have plies
having about the same level of wet-foreshortening (within about 5 percent). For
the purpose of making a paper structure according to the present invention, the
web can be wet-foreshortened less than about § percent, with wet-
foreshortening of the web on transfer to the drying member 119 being about 3
percent. Wet-foreshortening is described in U.S. Patent 4,469,735, which
patent is incorporated herein by reference.

The embryonic web can be dewatered as it is transferred to the drying
member 119. The resulting intermediate web 121 is carried on the drying
member 119 in the direction shown in Figure 3. The web can then be further
dried as it is carried on the drying member 119. For instance, 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.
Alternatively, if the drying member 119 is a conventional papermaker's



Li kew se, the average of the honbgeneous n ply absorbent rates can be
.calcul ated as a wei ghted average of the honbgeneous n ply absorbent rates:
T (2) x (AR41A) + (AR42) ]/ 3 where AR41A is the honpgeneous 3 ply
absorbent capacity for ply 4l1a (or for ply 41 B)and AR42 is the honbgeneous
3 ply absonpgwyuespacity for ply 42. W t hout bei ngctassTiorass by
theory, it is believed that the nultiple ply products of the present

i nvention can provide the inproved abSO{ ency and absorbency rate due, at
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| ow cal i per ' ' qon! ' . i f .
char act ePi s'? ?Qg&@ﬁ\fﬁx&¥f‘§p~§r&%ﬁf a;;lgraaev‘\’é%gé,)& §1¥ "T%é@{& tlglﬁ V%igr ?’%P rﬂsough
the sel ectihe M’seg 1§ c95HBE (ama ien fplt; a!pﬂi gt apptheremhodiment,, the, webccambe t he
texture v?l dewatered rh;awatepmﬁ;sihbethaebveboaambs_criped nNACNO | 95 348 myppsts ed
texture o r ; b A r
pli es. bp&#ﬁeﬁﬁﬁégé\ﬁglﬁgﬁggg,ﬂo @%ud@g %%ﬁ#%&%%%@sed
feat ures. Elﬁ:mamﬂ)@z pulski ot .. i wRight yblicatiom ds Wagorpeeated  berein tbyi s
dried may beefetenceeast partially destroyed when the web is wetted. Wt

formed texture features inparted on the ply while the ply is on the paper
machi ne (such asThed@sedrigdywebt ean them bedmansferred (i dive surface \of ray heateidhe

T o ) el WA D 0 a3 M b L

better mai nts'dél}%cé éﬁé gf“ﬁ?ﬁﬁr gﬂﬁﬂ@ﬁ by use %a\@@fnfﬂﬂgﬁgﬁ' o provide 3

PCT/ US97/ 07dded paper web 124. Use of the doctor blade 117 provides a wéb 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 levels 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 density. In
one embodiment, the multiple ply tissue product of the present invention can
comprise a ply formed from a paper web having discrete regions of relatively
high density dispersed throughout one or more regions of relatively low density.
For instance, such a web can be formed on a papermachine such as that shown
in Figure 3. The discrete regions of relatively high density can be formed by
transferring the embryonic web to a dryer member 119 in the form of a woven
fabric having discrete compaction knuckies. The compaction 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



wetted, especially when a wet strength additive, such as KYMENE, is added
to the furni sh fromwhich the web is forned. Figure 3 is an
“illdstration of a paper machine for use in making a paper web. The paper
webs made on such a paper nmachine can be used to formthe individual plies
of a mul tipl gydbisabigoduct. Referring to Figure 3, a headboxrQrress7awPs-ver s

t he aqueous di spersion of papermaking fibers to a foram nous nenber 111.
The foram nous nenber 111 can be in the formof an endl ess belt which is
carried in the direction indicated about a series of rolls. The foram nous
menber 111 can conprise a fourdrinier wire. Alternatively, the foram nous
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dried as it '?n @H‘é gd on the drying nmenber 119. For instance, when the
drying nenber | nthe formof a foram nous belt (such as is described in
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conventi onal pPaPdn mmspf a forammous belt suntable for making such aweb. The drying
member 119 shown in Trokhan ‘480 has a macroscopically monoplanar,

~ patterned, continuous network surface iieﬁning a plurality of discrete, isolated,

non-connecting deflection conduits. The following U.S. Patents are
incorporated herein by reference for the purpose of describing such a
foraminous belt: U.S. 4,514,345 to Johnson et al.; U.S. 4,529,480 to Trokhan;
U.S. 5,364,504 to Smurkoski et al.; U.S. 5,514,523 to Trokhan et al.

Referring back to Figure 1A, a heterogeneous 2 ply tissue paper product
can have plies 31 and 32, wherein at least one of the plies has a continuous
network region 183 and a plurality of discrete domes 184. Figure Figure 1A
shows both plies comprising paper wabs having a continuous network region
183 and a plurality of discrete domes 184. Both of the plies 31 and 32 are
patterned, 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.



WO 97/ 44528 PCT/ US97/ 07998
. 10 dewatering felt, the web can
be further devvatered by pressing the web in nip as the web is carried on
the felt. In yet another enbodi nent, the web can be dewatered by wet

pressi ng t%y\.ﬁ}gsﬁs described in V\D 95117548 "Wet Pr essededinpsdroidéd . and
Met hod of Making Same” published June 29, 1995 in the name of Anpul ski et

al ., which publication is incorporated,ierein by reference. The
predried web can then be transferred to“the surface of a heated drying drum
116 for further dryi ng. The web can then be creped fromthe surface of the
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Fi gure 3. THedomesrparsquam ineh. oin addition, mlh32hlnayh aczalipet whmnlsmreémr med by

transferri ngiahlite eatfier of ply IELPlYBXcd Nale ABAIRRF which is'at it BBBIHR Pos2 woven
times, more particularly, at least about 1.5 times, even more particularly at least

about 2.0 times, and in one embodiment at least about 2.5 times the caliper of _
ply 31.

Each of the plies 31 and 32 can have a basis weight of between about 7-
60 Ib/3000 square feet. In one embodiment, the plies 31 and 32 can each have
a basis weight of about 12-15 pounds per 3000 square feet. The macro-density
of ply 31 can be at least about 1.5 times, more preferably at least about 2.0
times, and even more preferably at least about 2.5 times the macro-density of
ply 32.

Ply 32 has a texture value greater than ply 31. In one embodiment, the
ply 32 can have a texture value which is at least about 1.5 times, more
preferably at least about 2.0 times, and even more preferably at least about 4.0
times the texture value of ply 31. In particular, ply 32 can have a texture value
of at least 15 mils, and ply 31 can have a texture value of less than about 10
mils. in one embodiment, the ply 32 can have a texture value of between about
23 and about 25 mils and ply 31 can have a texture value of between about 4.0
and about 6.0 mils. The texture value provides a measure of the wet formed
surface characteristics provided by the drying member 119. In particular, 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 shown 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



fabric having di screte conpaction knuckl es. The conpaction knuckl es can be
_disposed at-the icross over points of warp and shuts filanments of the
fabric. The conpaction knuckles serve to densify discrete, spaced apart
portions of the web as the web is transferred to the drying drum 116. The
fol | owi ng pawsydrsaszse i ncorporated by reference for the puBSF4SBH™Phowi ng
drying fabrics and/or nethods for form ng a paper web having regi ons of
different density, and nore particularly43a textured paper web having
discrete, relatively high density regions disposed throughout one or nore
relatively |ow density regions. U S. Patent 3, 301 746 issued January, 1967

tP ot San gr 892t3ﬁ|can proVideRfirélatively $htbdi? Dutvedrdid gﬁrfacb%ﬁd‘gﬂ /PS§E§? u.sS.
at en at e
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parti curarly feciEgRrolysions in thenform of the semesctBd alhe elatively highly tewtored
97/ 44528 outwardly facing surface of ply 32 can be useful in scrub /OHS&%HE 98 ..
st agger ed’ r o) BASOH, S ine Fladely ol Mieh 1SR elingiied ﬁénebe
I n one enbodi wsed for wiping liqwiddsom gsutfaee.pl i es of the het erogeneous mul tiple
ply tissue paper s ructur conpri ses a p b made according to, the
t eachi ngs of EP 0 ?bdgpltéﬂ?eﬁwl Y‘E%i d\e CANROMRIIRS Bne \Riy,davieg & .
whi ch appl i catontimuoss matwoqkoand alisdretecdomby, and aa secend ply which does mot
embodi ment, ajnch AdS YiseRéle Cdorhés d?l'g&éﬁe@fthi‘&@h 6 o QORAAE nBtidrkP Fp! Y
ti ssue paper structure co '{Eﬂ/\ﬁ per é\e avi n con i nuous ~ networ k
regi on havi ngMgt Wafh%@'lygs) Iguce §%\/\E‘ d@canbe zo E‘F%ﬂ Py @ plyefgthedyrsi ¢ y;
and a plural i styowri aslpycd2indFigarei2s di spersed t.hroughout the continuous
network region, the discrete regions having relatively high basis weights
and rel atively | oefesing to Eigura 24, yonm embodiment ofthe cpresertt ingentionyisng a
conti nuous neh@@rdgeneous 3 ply tissue paper praduct having plies 41A, 42, and 41B. The
plies 41A and 418 can have substantially the same structure and composition.
Each of the plies 41A and 41B can be patterned to have a continuous network
region 183 and a plurality of discrete domes 184. Each of the plies 41A and
41B can have the same number Y of domes 184 per square inch. The value of
Y can be between about 10 and about 600, and more particularly between
about 10 and about 200. Ply 42 can be formed from a web of conventional feit
dried tissue paper having substantially_ unpatterned smooth, untextured
surfaces, and a generally uniform density and basis weight (no discernable
regions having different micro-densities or different micro-basis weights). Each
of the surfaces of ply 42 can have a texture vaiue of less than about 1.0.

in the embodiment shown in Figure 2A, each of the plies 41A and 41B
has a caliper greater than that of ply 42, and each of the plies 41A and 42B has
a macro-density less than that of ply 42. The plies 41A and 41B 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 418. 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 ieast 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 texiure 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



region 183 having a relatively | ow basis weight and a rel atively high
.density, and discrete dones 184 having relatively high basis weights and
relatively low densities is shown in Figures 4 and 5. The caliper of the
ply is designated as T in Figure 5. Such a paper web is shown and
descri bed iwodnmsafat ent 4,529,480 issued July 16, 1965 poriseidisss..
Trokhan ' 480 al so discloses a drying nenber 119 in the formof a

foram nous belt suitable for making sucg a web. The drying nenber 119
shown in Trokhan '480 has a macroscopic ﬁly nonopl anar, patterned,
continuous network surface defining a plurality of discrete, isolated,
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Trokhan;  UygluePofdbbub2drol © Snur koski et al.; U S. 5,514,523 to Trokhan et
al . Referring back to Figure 1A a heterogeneous 2 ply tissue
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PCT/ US97/ 07998.. Two or more of the paper webs 131 and 1321Baving desired
Figure 1A heradlefisticdirivens ohe Aofer a3 coibiraat tolPrisvideé themuatpilply | vely
tissue paper product of the present invention. Figure 6 iliustrates equipment
that can be used to combine two webs having desired characteristics relative to
one another in order to form a 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 domes having relatively low densities. The two webs
131 and 132 are carried in the directions indicated around rollers 225. Web

131 corresponds to ply 31 in Figure 1, and web 132 corresponds to ply 32 in
Figure 1.

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 roli 250 and
web 132 adjacent roll 270. The embossing pins on roll 250 nest with those on



| arger nunber of relatively smaller dones 184 per unit area, while ply 32
.has a relatively smaller nunber of relatively |arger dones 184 per unit
area. In particular, ply 31 can have X dones 184 per square inch, where the
value of X is at |east about 100. Ply 32 can have Y discrete dones 184 per
squar e inch, wenasishe value of Y is less than the val ue ofPCTUSRHEMhe
value of Y is less than about 250. The ratio of X to Y can be at | east
about 1.5, at |east about 2.0, and in ongsenbodi mrent is at |east about 10.
In one enbodi nent, ply 31 can have at |east about 200, and nore
particularly at |east about 500 dones 184 per inch, and ply 32 can have

less than aboh 27000 deRsH RS WEBRMI1AAPIIZ aha36 pidvide RENlIRG of WeBOTBISWRET
square inch. Ir@‘i\gﬁlltmn ply 32 has a caliper which is greater than the

caliper of pl¥Y Ply 32 can have a caliper which is at |east about 1.25

times, more parti C‘H{ea'iv}lé( wébls HQ@%n&QQEtMé éds”g'tﬁol]:g havin r ' arly

at | east about 2. g out rres
the cal i per oqetﬁwngq fip foa ing, h}'& g?e"Eng’"BP t"ﬂe’hﬁ'ee 8??'?&\'/’%" #%asi s
wei ght of betawdba nadroying roll 2ED.| Madying mﬂ@ﬂmdseaahardi nubbercavescahdiserves t he

| 31 d 3000
Duare feot . GPea im0 3T heP ok th epbubtrdiny of eBOHS)1p Wb 2
more pref er ab?32 at thOéaslpcatth@fe aghesye '§ﬁ@"\§fﬁéﬁ?dn§59@ rol 255 tguply 1. | east

about 2.5 ti nEise tdsuitingdwo-ple papenstrkcture 2032n be rewoundfor (8tér banverting ittoir e
val ue greaterghhban iy 31. I n one embodiment, the ply 32 can have a texture
val ue which is at l'east about 1.5 tines, nore preferably at |east about 2.0

times, and even noFigufese! endbe mmtrateeaémamwrée @e amﬁd&e tocprovide aral ue

o ply 3L i ”&Aﬁ“ﬂﬁi&?& §f¥°§%ﬁ@’b%§u§‘=§f§n@§§5’f iR 28, "‘B!Eh\e?éh
one enbodi nencgrraspongds yo ply émlmﬁwrazaewebrua/mmpoﬂdbmnbeﬁzabsmures and
about 25 mils nshmwbakm%ﬁb%wn@swwnsmh A, bWéH%emﬁtht! 1419 and

Sorface char L%ﬂﬁi?f%exs%“ iR BoPHC Yol aﬂaﬁ‘!&‘%én{i?“"ﬂyg bign! Sbas ! R o,
the texture vdisq@ttmnpﬁ&)haﬁagafdﬂi&gm lowidenhities,i f Web:r1d2 can sompaiseod

bet ween the degifeniiSrialdanipidised Wehor k 183. In an alternative 2 ply
enbodi nent shown in Fi gure 1 B, ply 32 can be joined to ply 31 such that

t he dones 184 of pNebSZﬂannqu\tAdd:an ded unwoundfroml élief 21 yaridl 224ce

I nvardly t onargloBtiveR? andbarHed ifithie ditectiohs YHdWh.c W X42 is directed through
a nip formed between glue applicator roll 255 and steel embossing roll 250 (The
rubber embossing rolls 240 and 260 are disengaged in this operation) to
transfer a layer of adhesive from roll 255 to web 142. Webs 131 and 132 then
pass between steel embossing rolls 250 and 270, with 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
stesl embossing 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 intermediate 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 rolt 260. Accordingly, web 142 is adhesively joined to web
141B when the three webs pass through the nip between mam}ing roll 280 and
embossing roll 250.



WD 97/ 44528 PCT/ US97/ 07998
.13 31 can provide a relatively snooth outwardly facing surface, and ply
32 can provide a relatively highly textured outwardly facing surface

havi ng outwardly facing protrusions in the formof the dones 184. The

rel atively v §fMdsxast extured outwardly facing surface of pPGIGSH7TAWB-be
useful in scrubbing or scouring operations, while the relatively snooth
outwardly facing surface of ply 31 can e used for wiping liquid froma
surface. Alternatively, the two ply structure 20 can conpri se one
ply having a continuous network and discrete donmes, and a second ply which
does not i pxlaMPL ES:screte dones di spersed throughout a continuous network.
For instance, the ply 31 in Figure 1A or 1B can be replaced by a ply of
the type sExamplast:p2plyd2 in Figure 2A Referring to Figure 2A, one
enbodi nent of the present invention is a_ heterogeneous 3 ply tissue paper
product havi ng pithepucpose of this gxample is to ilustrae onesmethodithat gan Bessedhave

subst ant i al {oforma W Ply eirbodinerit o lith freeBaSIhvertion. Ehofthe pliés 81 laRg 41A

ol urali ty on2 e el GIEf diBs BEal8 ook Biachitd it 1 denelcibotouration v
t he sane nufineWn in biguwie desA k1 pessent gonsistengy laquaes shurnycofopapermakingbe
bet ween abofibersOwated, aiPHldifi(es isHOFMB® fr depiosition| oM the foRdniMBas nimbdr 10 and

about 200. ne [ we f ) ntian [t .dried
tissue papelli)JI ﬁ'ajﬁﬂ%agﬁgg% gﬁhﬁg’f’{w %ﬁ%%ﬂ"@&‘ﬁgﬂf Z%éﬁwwﬂﬂ@e&%gr(ﬁwgﬂr faces,
and a gener aoftwoakhKraft) andeGIMR, (chemiithermo methanical mulp) papardibiees. Tbgi ons
havi ng di ff gagiivesTintiie’s Wet! steingti additive’ &ty Siréhdgtnaduitive/Y WBitaBiliyEach
of the Surf%ﬁ%’i‘n()fﬂgﬁgﬁdf can alx.e a L@xt urg Yal ue of, less than about 1.0.
'n the erbolPREn ngh . Aomes! pdflver, THE. el stBndn, Bauva T soriReek AN 1as
cal i per gr esffestivehamountacf epighlorobydriraadductcin te foma of about 22 pounds2B has
ﬁ macr o- denKYENE SS57H dBr o1 lof dry Pber Aveighil© KYMERE/88YRNE shipplied ¥y each
ave Hercules Corp of Wilmington, Delaware. The dry strength additive comprises
an effective amount of Carboxy Methyl Celluiose in the form of about § pounds
of CMC 7MT 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
weight. 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 continuous network surface 423 extends a distance D above a
waven reinforcing element 443 having woven reinforcing strands 441 and 442.



a caliper which is at |east about 2.5 tines that of ply 42. The ply 42 can
. have a nmacro-density which is at |east about 2.5 tinmes that of plies 41A
and 41B. Ply 42 can have a texture value | ess than about 1.0, and plies
41A and 418 can each have a texture value of at |east about 10.

I n one enbodiwgsissach ply 41A and 41B can have a basi s weP@HUSHP™&bout
13. 6 pound/ 3000 square feet, a caliper of at |east about 20 mls, and a
macro density of |ess than about 1.0 poungs/ m|-3000 square feet. Ply 41A
and 41B can each have a texture value of at |east about 15 mls, and can
have about 75 domes 184 per square inch. Ply 42 can have a basis wei ght of

apout VO the ply 31 has about 562 de cti
e Usa7/ 07998, 9Thé HrdiRig fabric 119 for forming the ply 31 has bou ﬂe ion

pound/ 3000 sqfAMItEAZ2 Per sauare,ineh as viewas in,Figyr 9 (§P%ﬁ%f'sa‘fﬂf Lﬁq“é’?ﬂ'\c@
macro densit yThe deflectinnsconthits 422 laverameiongated 3hape willea smachine diegation

tF ?gb lrJreeZBva;um ihea.hsant.szfseuom 48 mils odﬁ tyataegdtﬂ araass-mc@ng;dlnre%imﬁ%%fggte dof
bet ween two pBﬁ@bo i éW[f 43& H‘&\#H ?C"@ Pw'? ﬁ&t‘%&ypﬂﬁé‘ “ﬁ'ﬂfg‘gﬁe@ 42A
and 42B havi ngbemtbss Erperaemtyofntheoswtwemrba@f;ihetdmng fabrig/ 419 casoviewed3inp| y
enbodi nent , eggjr \'ﬂ'ieydlgﬂa%@ ,g%bﬁfﬂi such as pl y 41, can be

di sposed bet we I es suc as that s ovvn as ply 31 in Figure 1A Each
of the 3 plies in SuelwabtsbaﬂidlymeﬂbymrlﬂﬂMﬁWedehmgh air

g:‘ S?gzegatpg OW%&?&?&% ngﬁaw n eSI red Cﬂ‘gl’ ac{’er | Slt I CS I’\J#H){ I {ygﬁ?ge

one anot her aPg Waﬁ?ﬁyéﬁ‘%?% gryer 1Bppad femoved fom thepsrfaceRfuct
of the pr esenthe Unyantimby fihey doctod blade 417 ait e consistaneynbf abeut 97 pehsentsed

to conbine twq uehi eyt iS pbratél GI'a'sthEs Spbed Bf S5out'806%ebper minute.
The dry web 124 is wound onto a roll at a speed of 716 feet per minute to
provide the web 131, to provide dry foreshortening of about 10 percent. The
resulting web has between about 562 and about 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 knuckle 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:



one another in order to forma tw ply product according to the present
.invention. Two single ply webs 131 and 132 are unwound fromrolls 210 and
220, respectively. Each of the webs 131 and 132 can have regi ons of
different density, and each ply can have a conti nuous network regi on having
a rel ati velyobigisagdensi ty, and discrete domes having rel apCoressiobaos: .
densities. T%e two webs 131 and 132 are carried in the directions indicated
around rol lers 225. Wb 131 correspondsqgo ply 31 in Figure 1, and web 132

corresponds to ply 32 in Figure 1. Web 131 is directed through a nip
formed between a rubber roll 240 and a steel enbossing roll 250, as web
132 is direghgdqt hrough a nip formed be 9r |.aA60 and a steel
enbossi ng roI? 270. In the enbodi nent of i F‘gaﬁ,p"f@e‘% mes 184 of the

!
web 131 face rol ICaliper: and the fmoes 184 of %%&32 face rolgly 260, so that.
the donmes 184 face inwardly in the resulting 2 ply structure. The steel

enbossi ng rol | s BesisaWeighty haviB3.6 pattern of AbsdrbsCapacitypi 19.6hi ch cont act

and deform sel ective, discrete gg&ti ons of the webs 131 and 132,
respectively. ThAAREB-DERey:s ( hbAScarried t hr ¥igking Gapachisr 488 bet ween a

gl ue applicator r dt steel enbossi | J 9 250. gl ue
applicator roll, Hréﬁ‘gs] a rs%?"f ace which |§Bg?fh?"{1§6§?sl y | enti shed
with glue, transfers glue to the deforned portions of the web 131. Wbs
131 and 132 then pass between steel enbossing rolls 250 and 270, with web
131 adj acentPly@2t 250 and web 132 adj ac¢fmdgenous 2(i @233 0ssing pins on
roll 250 nest with those on WO 97/ 44528 bly 2

PCT/ US97/ 07998 . .Caliper: 35. Caliper 15 42®I1 270 to

0
def orm t he webs 1. .132, an o provide nesting of web 131 with web
132. The tM‘ﬁ'l and‘FI -éz t hen pass%ﬁ?@u&ﬁpﬂcw pReling a pre-
det erm ned i p | GGl Bberkli: M o381 N9 10" Ted (LiRERaphER: FFSS N0 rol

250

Texture Value: 24.0 Absorbent Rate 0.68
Heterogenous 2 Ply 31-32:
Caliper: 34.6

Absorb. Capacity 28.1
Wicking Capacity 23.2
Absorbent Rate: 0.59

Units: Unless otherwise specified, caliper is reported in mils, basis weight in
bs/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.

Example 2: 2 ply

The purpose of this example is to illustrate another method that can be
used to form a two ply embodiment of the present invention.



and 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 locations where adhesive is transferred fromroll 255
to ply 131. The resulting two ply paper structure 20 can be rewound for

| at er conver {igyg4issabo smaller rolls. Figures 7 and &CIUSEEY7P%Ht e
conbining three separate webs to provide a three ply paper structure such
as that shown in Figure 2A Wb 141A corregponds to ply 41A in Figure 2A,
web 142 corresponds to ply 42 in Figure 2A, and web 141 B corresponds to
ply 41 B in Figure 2A. Webs 141 A and 141B can have a continuous netmork

;:Pgﬂlvgfiw Ingwadre(r‘ldsI B:ﬂé@\‘ %mggstywr?'gg \5 feI t ressed
v oY bpsiRaiohd Rperty wele, 4 iR °F, Brred) L' éﬁﬁ‘fas , e

respecti vel y,fomnw member i 1thelhe agewausrsiucy comprisesa Taixture Oﬂﬁaé’@cﬂd
through a nigy ONSK! VCFMPOlan@ BiroRe! Caher additives’ Wclady! & wek! st@imgsi ng

|| 250 (The Qt?t hi s
bperationy { ¢ #W% R hclgive acedbifly Bb8nf hd B SpRGE el
131 and 132 tHmn wepass@nath additive tcomprises o ieffgclive amorpb of repictitarohyginim web
142 adj acent Fdyuct ﬂ%%ﬁhw%bbﬁtl%aﬁcbmnkmme 5591 thTBP%?y fiBeP! NS
o o550 et i oy s it ot i S EAonl”
ensure bondi njethyl mmlqmmthadomnfam&mwwfmmﬂmgeamn mftdrylﬁberate 2
ply S”UCturew& ﬁ!gfﬁﬂﬁdtt duiiityiag 7arﬁéﬁiacﬂveamountofl‘566§&ib | can

B fo

e b oot S at*ﬁ?ffg@ve B Sbomtct fipounds debner

roll 260 and dryeﬁterewblghsu nthe Sdftr@3d additivet hanpnses anneffédtivenamount 0141,3\

2gai nat LSPF"%@?;%? hiinanidrd Cotound 3 FRTai oF BEG e podrias &1 DTORAME

when the t hr R® é@[ th the nip between marryl ng roll 280 and

embossing rol | 25Qynen 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, 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 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, 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 low density domes 184 per square



WD 97/ 44528

. PCT/ US97/ 07998. .~ 16 EXAMPLES:
Exanple 1: 2 ply The purpose of this exanple is to illustrate one
nmet hod that can be used to forma two ply enbodi nent of the present

i nvention. yaetuesds the plies 31 and 32 are formed on a piPorUSICAYNEs paper
machi ne havi ng the general configuration shown in Figure 3. A 0.1 percent
consi stency aqueous sl-urry of papermakigg fibers, water, and additives is
formed for deposition on the foram nous nmenber 111. The aqeuous slurry
conprises a mxture of 75:25 by weight NSK (northern softwook Kraft) and

CTLVP gchemt irichq tﬁ@nms&eéraaﬂ:esommt PRAGSD fsltsmwaeniaﬁ aﬁ%ﬁl fbeﬁodlmbudeda
wet stren e, .a_We | . and a
sof t ness gdBP@%w’hFﬁ%‘ \%@g té??‘&'ﬂ@?ﬁ EE%‘? CMP '@%@gﬁ {eén}/%ﬁ anount |
of epi chl or inigeharteningioktheiweb)he for m of about 22 pounds KYMENE 557H per

ton of dry fiber YMENE 557H | | ied by Hercules Corp of

W m ngton, Dela '51‘98“&"?55?\? aéd&pg?mecoé‘éﬁfﬁﬂ%'éﬂu&ﬁuéﬁh@bftﬁve i

anmount of Cpapemaldng lﬁjoler@ewmelr,omdl additived ds rforrhedforitdépopitivnden otheCVC 7MT

ot tabi | 1 1y RATIAOH GRhERY_11C THE, edulll sy, bepfifieel) & riii dr'®

pol y(et hyl eﬁg%yég %ﬁﬁgﬁv *ﬁﬂ&f & 2R gg{% amﬂtyﬁsu@maw ton of

gr%/t fiber \é\airghgth additivel, a dr;elwed\gtbobdﬂ}ummweﬁau]!nyna@mf ahtl & Boftess\J.  The
of t ness a o r n

conmpound |B§§Ea¥€orom§ éﬁgut 5' poﬁgégéwgf %ﬁ% a‘e%lgﬁ&%ﬂgf %HFNF (lt‘)fgr

wei ght. DT P@Lumate) i's

suppl i ed by oSbﬂf ﬁbemf«e:ﬁﬂbl Thie dg;stcength addltw#\l&amphﬁésraﬁ(bffebméf\ﬂhoﬁhw whi ch

Egﬁrgrll In;ser S eﬂyﬁé&ﬁulé% ?o@%\f/gﬂﬂ%@%?%go?ﬁhg%gﬁhﬁgﬁf pé% ﬁ’achl ne

di rection affidns ’@Pbé’@'ﬂc h.The ‘ﬁ?ﬁ%‘!‘!’ digent CORPERSS; apeﬁffwtkvﬁ)amamt
dewat er ed t Qodecylphérhgnpoly ;gh )hﬂ\aml drettie forri of Abbat 1 4opduriissafer to
Jher

arying menbEray pd T B WBiokE . T Girbsd “%W%%o%gﬁé%%‘ant The
dryi ng menbéffective wgowt erﬁuatQMﬂMﬁwqwm@gmp&mdm $henfprm-ofrabout 4.08
pounds of DTDMAMS per ton of dry fiber weight.

_ When forming the web from which ply 32 is made, the siurry 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 percent of
the surface area of the drying fabric 119 as viewed in Figure 11. The distance
D is about 15.9 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 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, and



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 continuous network surface 423
extends a di fjgoasde® above a woven reinforcing el ement 443PATAETIMMOvVen
rei nforcing strands 441 and 442. WO 97/ 44528

PCT/ US97/ 07998. . 1 17 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 inch). The

def | ect h

langth which (EPd's %’é“*?s i BPLs S’%&é‘?oﬁ?mﬂ“'ﬁﬁ“ﬂﬁﬁﬁ%?ﬁﬂ
wi dth of abouba8is weight °frﬁé°khu§ﬂ|le° F%?fef feghe Bsrﬁqu ipg swel thasr k
423) is about bafweerpabmst97 afd abeuts104 retativelyeclowolerisity dbmemm plr squdré® as

V|evved|nF|gdc§:‘b9 The distance D is about 22 mls. The web is
partially drié€ y dewatering and by predrying with through alr drying

?2"?[, 2t gﬁ r ]}gget gf ameaésmﬁrﬁwbs)iaﬁaﬁahaﬂwn% g@ﬁnnea’?e 3"?3’?}"2 (.::qeglgfg es\%ger ed
dryer 116 by A wq,%é‘?fﬁ?gﬁgéghﬁ%vggﬁgﬁaﬁ @?’%ﬁut 97 percent. The

yankee dryer is operated at a surface speed of about 800 feet per mnute.
The dry web 124 is wound onto a roll at a speed of 716 feet per mnute to
provi de the web 131, to provide dry foreshortening of about 10 percent. The
resulting web has between about 562 and about 620 relatively |ow density
donmes 184 per Pyj@&re inch (the nunber of dUnmggmus'zmlyr(ameb is between

zero percent to abqut 10 percent ater than t nunber of cells in the
dryi ng menber 119, C@liRge% o dry for®hortening of "HH?"Web) 7.0 The ply 32
js formed froma V\%gsé%em.ch |s|3r_1:iade using a RS0, Capacity 259

Macro-Density: 0.82 Wicking Capacity: 17.2

Texture Value 163 Absorbent Rate: 0.48

Ply 32 Homogenous 2 ply (32-32)

Caliper: 220 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

Heterogenous 2 Ply 31-32:
| Caliper: 27.9
'Absorb. Capacity 26.7



machi ne such as that shown in Figure 3. The same furnish and procedure as
-descri bed above with respect to ply 31 are used to formweb 132, except
that the drying nenber 119 is of the formshown in Figure 10. Referring to
Figure 10, the drying nenber 119 has about 45 deflection conduits 422 per
square incwosdstackl e area of about 30 percent, and a diggiisbfghoeds.Of
about 30 mls. The deflection conduits 422 have a quasi-quadril ateral
shape having curved sides. The deflecti,gn conduits have a | ength of about
191 mils and a wdth of about 94 mls. “The web 132 has between about 45
and about 50 donmes 184 per square inch. The resulting webs 131 and 132,
when conbi ned as shown in Figure 6 to providg, ,2|%g/structure 20, have
Wigkifo Capa

the foll owi ng characteristics: WD 97/ City 22.0

PCT/ US97/ 07998. . 3 Ply 31:
Honogenous 2 ply (31-31) Cal i per. Absorbﬁt_ %é'e' Oég Cal i per
24. 7 Basi s Wi ght: 13.6 Absorb. Capacity 19.6

Macr o- Densi ty: 1.13 W cking Capacity: 13.8 Texture Val ue
5.5 Absorbent Rate: 0.35 Ply 32:

Honogenous 2 ply (32-32) Cal i per: 35.0 Cal i per
42.8 Basi s Wi ght: 13.6 Absorb. Capacity 32.8

Macr o- Densi ty: 0. 39 W cking Capacity: 27.0 Texture

Val ue: 24.0 Absor bent Rate 0. 68



Heferogenous 2 Ply 31-32:

. Cal i per: : *34.6 Absor b.
Capacity 28.1 W cki ng Capacity
23.2 Absorbent Rate: 0.59

Units: Unl esweétasaei se specified, caliper is reported in rtGRUSIHEHNS -
weight in |bs/3000 square feet; nmacro-density in |Ib/3000 square feet-ml,
Texture Value in mls, Absorbent Capacitygin grams per gram W cking
Capacity in grans per gram and Absorbent Rate in grams per second.

Example 2: 2 ply The purpose of this exanple is to illustrate
anot her nethod that can be used to forma tw ply enbodi nent of the
present invention. WO 97/ 44528

PCT/ US97/ 07998xampte 3: 3 ply 19

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 118 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 foliowing procedure is used to make the webs from which plies 41A
and 41B are formed. A 0.1 percent aqueous slurry of papermaking fibers,
water, and additives is formed for deposition on the foraminous member 111.
The ageuous 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 epichiorohydrin 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 direction 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
knuckle area (area of the continuous network 423) is about 39 percent of the
surface area of the drying fabric 119 as viewed in Figure 14. 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 567 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 feet per minute. The dry
web 124 is wound onto a roll at a speed of 716 feet per minute to provide the



Pl'y 31 is fornmed as follows: a 0.1 percent consistency aqueous slurry of

~ papernmaking fibers, water, and additives is forned for deposition on the

- foram nous nenber 111. The aqeuous slurry conprises a m xture of 63:20:17
by wei ght NSK, CTMP, and broke. The additives include a wet strength
additive, gyugbyudssg ength additive, a wettability agent, ardresgmipescss
additive. The wet strength additive conprises an effective anount of

epi chl or ohydrin adduct in the form of out 24 pounds KYMENE 557H per ton
of dry fiber weight. The dry strength additive conprises an effective
anount of Carboxy Methyl Cellulose in the formof about 5 pounds of CMC 7Mr
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cross-machine direction filaments per inch), and dewatered to 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 feit (precompressed) supplied by Albany International Corporation.

The web is partially dried by dewatering and pressing the web and feit 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.

The resulting webs 141A, 142, and 141B, when combined as shown in
Figures 7 and 8 to provide a 3 ply structure 20, have the following
characteristics:
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. PCT/ US97/ 07998. .- 20 inch (the
nunber of domes 184 in the web is between zero percent to about 10 percent
greater than the nunber of cells in the drying nmenber 119, due to dry

f or eshort eni g g3faadahe web). Ply 32 is formed as f ol [PERAISIHO7EPS].
percent consistency aqueous slurry of papernaking fibers, water, and
additives is fornmed for deposition on thesforam nous nenber 111. The
ageuous slurry conprises a mxture of 65.6:23.1:11.3 by wei ght NSK, CTMP,
and broke. The additives include a wet strength additive, a dry strength
additive, a wettability agent, and a softness additive. The wet strength
additive conprises an effective amount of epichlorohydrin adduct in the
form of aboutPlYR1A (woddBx KYMENE 557H per Hamo®f3 ply y4TA-4¢A-4MA)ght . The dry
strength additive conprises an effective amount_of Carboxy Methyl Cellul ose
in the formof abde@liPers pounds é84cvc 7Mr per GaliRef dry fi 383 wei ght. The

wettability agent £o i Ses, an e ctive amount,, of decyl ph y

pol y( et hyl enoxy) e#ﬂnggYa'gﬁ"the 5% m of about ﬁbﬁ%’%ﬁ?&y I“EPAL per ton

of dry fiber wei ghtsacrbliSe t nesg gagdi tive CO”W?G&@E%&E{E%‘E '?e anount of
. pounds 0

Quat ernary anmoni um conpound i n the form of about DTDVAMS

per ton of dry fi Updxture \Gdibe 17.7 Wen for m ppsbientREtd r 0r0.96i ch ply 32
is made, the slurry is deposited onto foram nous nenber 111 (a Fourdrinier

wire of a 5 shed, satin weave configuration having 87 machine direction
and 76 cross-nachine direction filanments per incg'), and dewatered to a
consi stency oPWA%But 17 percent just pri dlomea. 3 eiNd42A2142)dr yi ng menber

119. The resultin ryoni ¢ web.,is then tran rred to the i ng menber

119 to provide \/\B?C%ﬁ%g\s/horteni n jogf about 2. 5%3‘8?‘5em. The %% ng nmenber

119 is in the fornpgdis guéigheudn 3% drying fabidysods Capacity 15.4
Macro-Density: 2.08 Wicking Capacity: 8.27

Texture Value: <1.0 Absorbent Rate 0.24

Heterogenous 3 Ply 41A-42-418:
Caliper: 40.8
Absorb, Capacity 26.5
Wicking Capacity: 17.7
Absorbent Rate:  0.86



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 formng
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
conti nuous ypsbysss 423) is about 20 percent of the surfagerresmoret--t he
drying fabric 119 as viewed in Figure 11. The distance D is about 15.9
mils. The web is partially dri ecbé)y dewat eri ng and by predrying with
through air drying apparatus 125 to a consistency of about 63 percent. The
web is then adhered to the surface of yankee dryer 116, and renoved from
the surface of the dryer 116 by the doctor blade 117 at a consistency of
about 97 percent, and WO 97/ 44528

PCT/ US97/ 07 €X8mple 4: 3 ply 21 to provide a dry
foreshortening of about 4.5 percent. The resulting web has a basis weight
of about 16.1 polihe/@opose @ithis xampleTiscta diustraten@nvalternative ltiaieecply about

97 and aboumbainéltBULN 85 that SHoWRIA Figlre 28E STHSthré b eh{'&his -
2 ok o e i P et S o 5
31: substantially unpatterned, refativglg nouextredl plies342/48Bnd 42B. Pigalti ger :
ig- 0 L g Tormed frofaathe Réime type web frofY which plies 4R 3hd 48 AR formedlin 1
Sorb. p%?(ét le 3.5 'P%es 42A and 42B are formed from the same type web from which
ply 42 is formed in Example 3. The resulting heterogenous 3 ply paper product
has the following properties:

Heterogenous 3 Ply 42A-41-428B:
Caliper: 27.8
Absorb. Capacity 22.6
Wicking Capacity: 13.4
Absorbent 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 42B are obtained can be
formed by depositing an aqueous slurry 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.



Matr o- Densi ty: 0. 82 W cki ng Capacity: 17.2 Texture Val ue

15.3 - Absorbent Rate: 0.48 Ply 32:

" Honmogenous 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- Densi t o 97/945783 W cking Capacity: 14.5 PCIUSITOT98 Val ue:
26. 8 g\bsor bent Rate 0. 64
Het er ogenous 2 Ply 31-32: 27
Cal i per: 27.9 Absor b.
Capacity 26.7 WO 97/ 44528
PCT/ US97/ 0799& pgT 22

W cki ng Capacity ZEBSCEDURES:

Samples are placed in a temperature (73 +/- 2 Fahrenheit) and relative
humidity (50 +/- 2 percent) controlled location for at least 2 hours prior to
testing. Testing is conducted under these conditions.

Absorbent Capacity:

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 foliowing procedure: A full size (11 inch x 11 inch) sheet 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 sample 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 sampie 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 level 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.

The sample sheet supported in the filament tray is positioned above the
vertical tube, such the the filament tray is about 1/8 inch above the lip of the



Absor bent Rate: 0. 65 . WD 97/ 44528 :
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ply The purpose of this exanple is to illustrate one nmethod that can
be used to forma three ply enbodi nent of the present invention. Referring

to Figure %ﬁ%wmhﬁﬁ plies 41A and 41B are forned from webspdBo®79m98- -paper
machi ne, suc as that shown in Figure 3, having a drying nenber 119 in the
formof a through air drying fabric.mgge ply 42 is formed froma web nmade
on a paper machine, such as that sho in Figure 3, having a drying nenber
119 in the formof a conventional papernmakers dewatering felt. The

foll ow vvebsfro whi ch plies 41 and 41B
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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 sample 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 fissue 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 point (peak) and
an adjacent local low point (valley) in a particular field of view. The texture
value of the surface of a ply is preferably measured prior to combining a ply
with other plies to form a multiple ply product. However, the texture value can
also be obtained from a sample cut from a muitiple ply sample, provided that



about 17 percent. The resulting enbryonic web is then transferred to the

drying nenber 119, which is in the formof a through air drying fabric as
" shown in Figures 11. The drying fabric 119 for formng the plies 141A and
141B has about 75 deflection conduits 422 per square inch as viewed in
Figure 11. Ty ofgassskl e area (area of the continuous networBCTABSJOB-about
39 percent of the surface area of the drying fabric 119 as viewed in
Figure 11. The distance Dis about 16 nijgs. 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
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two focus settings is a Zeis Axioplan Transmitted Light Microscope with a
Microcode il Accessory. 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 thickness of the
sample under a compressive loading of 95 grams per square inch provided by a
foot having a 2 inch diameter. The caliper is reported as the average of at least
8 such measurements.

Basis Weight



Carboxy Methyl Cellulose in the formof about 3.7 pounds of CMC 7MI per ton
~of dry fiber weight. The wettability agent conprises an effective anount of
Dodecyl phenoxy pol y(et hyl enoxy) ethanol in the form of about 2 pounds of

| GEPAL per ton of dry fiber weight. The Softness additive conprises an
effective %ﬁf Quat emary anmmoni um conpound in the faowusredosait 5
pounds of per ton of dry fiber weight. The slurry is
deposited onto foram nous nenber 111 (g’OFourdri nier wire of a 5 shed, satin
weave configuration having 87 machine dirtection and 76 cross-nachi ne
direction filanments per inch), and dewatered to a consi stency of about 14

percent. The re i opi.c .S n. t. A 0 ryi ng
menber 11 9, vvhlstphé P@gilsﬁl&%@it 'F St m\é‘%?“‘JS %ﬁﬂégﬁ%‘é@ﬂ% g_gyre:?a?félga&&}/%at ering
felt havi ngThe asis weighl of @osAMPIRIE measysed usingr thecdfollawiagr procedurearAAl bany
gJ 160?_— 7 fobditof (SIGIRCHIRER 6154 Gibh By BPINCE Gqliired) dFathis Samiple b iviighed, to
rporation . [ eridng ressi ng
t he web andprPé(fdte ?%ﬂe %ngﬁ#%%a fﬁ%@ﬁ“ﬁ‘ﬂ%ﬁﬁé"%@bn@ﬂ%% of
about 39 pepeeh28 suuare,inshes is than eenverted todunitscofspaungscpert 30 kauarer yer
116, and r efgay.eThé babisiweighitus répoited’ as difavliragé ofld Subly nidasurbptdrits. bl ade 117
at a consi stency of about 96 percent. The yankee dryer is operated at a
speed of abMacraRefdsityeet per mnute. The dry web 124 is wound onto a roll
at a speed of 2712 feet per mnute tqQ provide the web 142. The web 142 is
dry foreshort encl®BiAGo-density;is the basis weight oha sampla dividgd ky(ils caliper 142,
and 141B, when conbined as shown in Figures 7 and 8 to provide a 3 ply
structure 20, have the following characteristics: WO 97/ 44528
PCT/ US97/ 07998 . 25



Ply 41A (or 41B): Honog. 3 ply (41A-41A-41A) Cal i per:
[ 8

25. 4 ' ‘Cal i per 38.3 Basi s Wi ght: =136
" Absorb. Capacity 23.5 Macr o- Density: 0. 535 TH'&/S"E&&T S BEEN
Capacity: 16.8 Texture Val ue 17.7 Absorpent I%PEA
0. 96 Ply 4%0 97144528 Honog. 3 ply (42-RBOT
Cal i per. 6.0 Cal i per 26. 6 Basi s
Wi ght : 12.5 : Absorb. CapacBty 15.4 Macr o- Density:
2.08 W cking Capacity: 8.27 Texture Val ue: <1.0
Absorbent Rate 0.24 Heterogenous 3

Ply 41A-42- 41§NHAT IS CLAIMED:

e " gy

WO 97/ 44528
PCT/ US97/ 07998 - A muiltiple ply tissue product comprising:

a first ply comprising a paper web having a continuous network region
having a relatively high density and discrete regions dispersed throughout the
continuous network region, the discrete regions having relatively low densities;
and

a sacond ply, wherein the second ply does not include discrete, relatively
low densily regions dispersed throughout a continuous, relatively high density
network region. '

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

3.°  The multiple ply tissue paper product of Claims 1 or 2 wherein 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.

4, The multiple ply tissue paper product of Claims 1, 2, or 3 wherein the
first ply comprises X discrete relatively low density regions dispersed
throughout the continuos network region, the value of X being between about 10
and about 600.

5. The tissue product of Claim 4 wherein the value of X is less than about
200.

6. The multiple ply tissue paper product of Claims 1, 2, 3, 4, or 5 further
comprising a third ply, the third ply comprising a paper web having a continuous
network region having a relatively high density and discrete, relatively low

Sheet Has Been Replaced

T




Exanple 4: 3 ply Wexarrplerstorllustrate an

~alternative three ply enbo as that shown in Figu — Hng
ply enbodi ment of this exa ul) lfa' lanzatterned rel atiyel r"@@ N
ply 41 disposed between two*s npatterned, relafivel REP'—ACED

unt ext ur ed v bfgasA2A and 42B. Ply 41 |s formed fromthe smisvylprmaNeb from
whi ch plies 41A and 41 B are forned in Exanple 3. Plies 42A and 42B are
formed fromthe sane type web fromwhi 88 ply 42 is forned in Exanple 3. The
resul ting heterogenous 3 ply paper product has the follow ng properties:

Het er ogenous 3 Ply 42A-41-42B:

g:{);&e[ y , pensity regiorié dispersed throughout the continuous ngtwark T g@? Pq v 13.4
Absor bent Reerein thegecond ply is d!%&?@!ﬁ%ﬁ%eﬂ?ﬂ)@'éfﬁ%twd(ﬂ“%xanpl es 3 and
4, the ply 42 in Exanple 3, and the plies 42A and 42B in Exanple 4 can be
made from webs havi ng nultiple basi s wei ght regions wth a high basi s

ht t k bed -
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and 428 ar COBRENGA ibjrcly Boes Pelingiy opﬁ solativaly oni o 2
f or am nous lawrﬂmsrtﬂé'mhscdnspersndnhreammtri cuniikimys crlelaiwetyrlagh density

prot uberan havi ng
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sui tabl e foﬁﬂﬁ 111 incl udes about 200 protuberances per square

i nch, each protuberance extending a distance D of about 5.5 mls above the
reinforcing structure. The top surface areas of the protuberances conprise
about 28 percent of the surface area of the drying nenber (knuckle area of
t he protuberances is about 28 percent). The reinforcing structure can be

a 90 x 72 triple layer construction woven wre,
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avail able fromthe Appleton Wre Conpany. WD 97/ 44528

~ PCT/ US97/ 07998 27 TEST
PROCEDURES: Sanpl es are placed in a tenperature (73 +/- 2
Fahrenheit) and relative humdity (50 +/- 2 percent) controlled |ocation
for at |leastwbdrses prior to testing. Testing i s conduct eQT/USIBFIS hese
conditions. Absorbent Capacity: The absorbent capacity is a neasure
of the ability of a paper structure, while supported horizontally, to hold
liquid. The absorbent capacity is neasured using the follow ng procedure:
A full size (11 inch x 11 inch) sheet is supported horizontally in a tared
filament |ined basket and wei ghed to pr vkﬂg the weight of the dry sheet.
The filanent |ined basket has crossed f / nts which serve to support the
sheet horizontally. The crossed filanents permt unrestricted novenent of
wat ér into and out of {4 gheet. The sheet supported2hh the basket
Is lowered into a gistijled ter bath having3® tenperaturg,of 73 +/- 2
degrees F for g 3 4i s then faised on1tﬁt bag84so that
the sheet is 3 i 1 m nute. The baskét and oL hen
re-wei ghed tog Ry L PR SRL_7oR FRNFERY | IFSLeR D W Rsbeet, e

absorbent capacity is\repdrtedias ay average of at |east 8 neasurenents.
Absor bent Rat e3¢hd VW%&QR, Caffti t yg3 The absorbent rate is a
measure of the rate at

The wi cking capacity is a neasure of

éh a paper t gr acquires liquid by w cking.
AR o




water wi cked i nto a sanple per gramof sanple dry weight. The absorbent
rate and wi cking capacity are neasured using the follow ng procedure. The
sanple sheet, which is cut into a circular shape having a 3 inch dianeter,
is supported ggﬁézontally on a tared filanment tray. The weight of the dry
sanple is det A vertical tube having a di angﬁ.‘ﬁﬁ,s%)” 5‘8‘3312

i nches and holding a colum of distilled water is provided i
supplied with water froma reservoir to provi de a convex meni scus adj acent
the lip of the tube. The water |evel Eigii tube is adjustable, such as by
a punp, so that the neniscus can be ra| 0 contact a sanple sheet

positioned above the lip of the tube. The sanpl e sheet supported in
the filanent tray is positioned above the vertical tube, such the the
filament tray is about 1/8 inch above the lip of the WD 97/ 44528
PCT/ US97/ 07998 28 tube. The water

|l evel in the tube is then varied so that the neniscus contacts the sanple,
after which the pressure used to raise thg neniscus (about 2 psi) is
reduced to zero. The weight of the sé@pléﬁsheet is nonitored as water is
taken up by the sanple. Tinme zero is at thqtinstant when the sanple

first takes up water (first change in\bal g/ ading fromdry weight). At
time equals two seconds (two seco 2 e zero), the contact between
t he meni scus and the sanple sheeyi s \r oR&n by suction (about 2 psi)

applied to the water in the tub tted sanple weight is recorded

measur enent . The absor bé) [ he wei ght of the wetted sanple
m nus the sanple
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dry weight, 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 weight of the sanple is again nonitored until time equals 180
seconds. At tine equals 180 seconds, the contact between the neniscus and

t he sanpl e shwet7ids2dor oken by suction (about 2 psi) appli edarusstiezssai-er in
the tube, and the wetted sanple weight is again recorded. The wetted sanple
is weighed after breaking contact between the neniscus and the sanple so as
not to include surface tension in the weight neasurenment. The w cking
capacity is calculated as the wetted sanple weight at 180 seconds m nus the
dry weight, divided by the dry weight. The absorbent capacity and w cki ng
capacity are each reported as an average of at |east 4 measurenents.

Text ure Val ue: The texture va3if@s a neasurenent 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 value. Cenerally,

if only one texture value is provided, it is the higher texture value for
the two surfaces of a ply. Mechanically enbossed texture, such as that
inparted to the plies when the plies are conbined, is not neasured The
texture value of a surface is determ ned by scanning a surface of a ply
with a transmtted |ight mcroscope, and determ ning the el evation

di fference between a | ocal high point (peak) and an adjacent |ocal |ow
point (valley) in a particular field of view The texture value of the
surface of a ply is preferably nmeasured prior to conbining a ply with ot her
plies to forma nultiple ply product. However, the texture value can al so
be obtained froma sanple cut froma nultiple ply sanple, provided that

WD 97/ 44528 180
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any texture features created by conbining the plies (e.g. enbossing) are
not included in the neasurenent. The el evation difference is
determ ned hy varying the focus of the mcroscope, and recording the
difference in focus positions between the peaks and aggrasem®al’l eys in
the field of view. The neasurenents are nmade on a sanple measuring about 2
inches by 1.5 jpches. The difference between 15 adjacent peaks and vall eys
are neasuKéﬁmgh averaged to provide the texture value for the surface. A
10x eyepi ece and a 10x objective (nunerical aperture = 0.30) is used for
sanpl es havi ng nore than about peaks per square inch, and a 10x

eyepi ece and 5x objective (nuﬁ% ital aperture = 0.15) is used for sanples
havi ng | ess than about 150 peaks per square inch. A suitable m croscope
whi ch has an readout indicating the difference in elevation between two
focus settings is a Zeis Axioplan Trg#nitted Light Mcroscope with a

M crocode |l Accessory. The M crOCOQj‘accessory records the range of focus
settings in mllinmeterse M chwras E% be converted to mls. . For
i nstance, where the SR i udemsg hq wet forned donmes 184 and network

NTR
183, the m croscop u %led be vgr;e to bring into focus the top of a
donme 184. The mi cwdsefpe fBCUs ¥ |d # el be varged AQ bring into focus the
surface of an adj acen@ior tgggn of Hy“ net'wg e g difference in
el evation for the dgsg and adn,ai“D et ys wolyl dAe”’recorded. Thi's

process woul d be re-:éteg Y same/ Adtwor k el evati on

{0\ 05 d
di fferences. The 1% etExaf Xm d (-ﬂﬁ-' es|\ are then er gq§ to provide the
texture val ue of @ &\ oy fferengg,in el e%tlién et ween a done
and adj acent network ace i 8 pmpiesentedas E in Figure 5. Cal i per
The caliper of a single #eul i Bl 8 sanple is a neasurenent of

thi ckness under a prescribed |jggdi ng. The caliper of a ply is neasured
using the follow ng procedure: A dial indicator is used to neasure the

t hi ckness of the sanple under a conpressive | oading of 95 grans per square

inch provided by a foot having a 2 inch dianeter. The caliper is reported
as the average of at |least 8 such neasurenents. Basi s Wi ght

2o




WD 97/ 44528 .
-PCT/ US97/ 07998 30 The basi s
wei ght is a nmeasure of the weight per unit area of a sanple. The basis

wei ght of a saqgle I s measured using the follow ng procedure. A total of

ei ght plies ofY@%¥48® by 4 inch squares of the sanple are wecghsshors ..
provi de a wei ght per 128 square inches of the substrate (4x4x8). This

wei ght per 128 square inches is then converted to units of pounds per 3000
square feet. The basis weight is reported as an average of 4 such
measurenents. Macro-Density TQS/Wgcro-density I's the basis weight
of a sanple divided by its caliper

19 NOV 1999  WHAT I S CLAI MeD:

422
423

422

123
423

423



1. A multiple ply tissue product conprising: a first ply
_conprising a paper web having a patterned, continuous network regi on having
a relatively high density and discrete regi ons di spersed throughout and

i sol ated one from another by the continuous network region, the discrete
regi ons havi rmopu44a8 vely | ow densities; and a secoMETPISHTOMWMer-ei n
the second ply does not include a patterned, continuous network region
having a relatively high density and discrete regions di spersed throughout

and isol ated one from anot her by the continuous network region. 2. The
multiple ply tissue paper product of claim1l wherein the first ply has a
cal i per which is at | east 16?@ nmes the caliper of the second ply.
3. The nmultiple ply tissue paper product of claim2 wherein the caliper
of the first ply is at least 1.5 tinmes the caliper of the second
ply. 4. The nultiple ply tissue paper product cl a4&33 wherein the
caliper of the first ple P ) } L.per of the second ply.
5. The nmultiple plyBHR % wherein second ply

has a macro- density nacro-depgity of the
first ply. 6. The C;‘QL/E im5 wherein
the second ply has a .5 tinmes the

ti ssue product

havi ng a patterned,
sity; and X discrete
' one from
etween 10

macr o-density of the f 4§
conpri si ng: a
continuous network reg
relatively |ow density B
anot her by the conti nudg
and 600; and
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32 a second ply, wherein the second ply does not include aCIQOF)?’?O'G

" continuous network region-having a relatively high density and di scqpog
regi on rspersed throughout and isolated one from another by the

continuo ‘\m‘ 8. The tissue product of cla Zwherejn
t he val ugg‘mm \ ¥han 200. 9. 1A multiple ply tiss
conprisih@ ¢ + ®"asfirst ply; a? second ply; and

di sposed internediate the first and second plies; whef el n ﬁB o&
the first and second plies conprises a paper web having a paft rﬂgg, V71999
continuous network region having a relatively high density ahd
regi ons digﬂg&fﬁg Lﬂhﬂgghout and isol ated one from another by the

cont i nuous netmorE regron, the discrete regions having rel at ™vety—tew
densities; and wherein the third ply does not include a pattened,

cont i nuous 4snet war k kagi on. Welo N ively high density and discrete
regi ons di s1ber\é\g‘c{hw&@glﬁ%&?gg%gu?tségﬁg?‘%'ha'one from anot her by the
conti nuous net warfistrpygéamprisingl@papes webl havipge patierneds sartinyods netwodoregidnsi ng:
a first ply,ay : , . hi i .

favipna e Sfeoel grd Pigrete reoio® Ao phSftRE sge

S

screte

Lgfrﬁﬁ irrgg!sa;ngapm arwé‘mriba\tﬂ-mg)réinmsmt\m@a,regi@mthmdbgrrsfelnlggims lhaviag reJativeln/i ng
a relati Velléwgé&tﬁieg?% ty and discrete regions dispersed
a second ply, wherein the second ply does not include a patterned, continuous
network region having a relatively high density and discrete regions dispersed

throughout and isolated one from another by the continuous network region.

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

3. The multiple ply tissue paper product of claim 2 wherein the caliper of the first ply
is at least 1.5 times the caliper of the second ply.

4. The multiple ply tissue paper product of claim 3 wherein the caliper of the first ply
is least 2.0 times the caliper of the second ply.

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

6. The multiple ply tissue paper product of claim 5 wherein the second ply has a
macro-density of at least 2.5 times the macro-density of the first ply.

7. A multiple ply tissue product comprising:

a first ply comprising a paper web having a patterned, continuous network region
having a relatively high density; and X discrete relatively low density regiohs dispersed
throughout and isolated one from another by the continuous network region, the value of
X being between 10 and 600; and
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;throughout and iselated one from anot her by the continuous Retwork—i-eeeHn
“the discrete regi g.lr?r'ravj@g relatively |ow densities; and |REPLA mrSHEET

nei ther of the fi rm d se"c\ond\;lhgs conprises a continuoys METWOTK Tegto
having a rel ativel Iﬂ&l ity and- di screte regions di spersed.]bl‘mwglbgéjt
and isol ated one fro A //I”I e corétzi nuous network redi gn.

L)

a second ply, wherein the second ply does not include a continuous network
region having a relatively high density and discrete regions dispersed throughout and
isolated one from another by the continuous network region.

8. The tissue product of claim 7 wherein the value of X is less than 200.
9. A multiple ply tissue product comprising:
a first ply;

a second ply; and

a third ply disposed intermediate the first and second plies;

wherein each of the first and second plies comprises a paper web having a
patterned, continuous network region having a relatively high density and discrete
regions dispersed throughout and isolated one from another by the continuous network
region, the discrete regions having relatively low densities; and

wherein the third ply does not include a patterned, continuous network region
having a relatively high density and discrete regions dispersed throughout and isolated
one from another by the continuous network region.

10. A multiple ply tissue product comprising:

a first ply;

a second ply; and

a third ply disposed intermediate the first and second plies;

wherein the third ply comprises a paper web having a patterned, continuous
network region having a relatively high density and discrete regions dispersed
throughout and isolated one from another by the continuous network region, the discrete
regions having relatively low densities; and '

wherein neither of the first and second plies comprises a continuous network
region having a relatively high density and discrete regions dispersed throughout and
isolated one from another by the continuous network region.




