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HIGH BULK TISSUE PRODUCT

FIELD OF THE INVENTION

The present disclosure relates to paper manufacturing and processing. In particular, the
present disclosure relates to methods for improving the bulk and absorbency of fibrous webs.
Maore particularly, the present disclosure relates to an cmmbossing pattern that improves the
bulk and absorbency of fibrous webs. Further, the present disclosure relates to a conventional
wet press tissue bearing an emboss pattern as described in the instant disclosure. Still further,
the present disclosure relates to a multi-ply fissue product having improved bulk and

ahsorbency.

BACKGROUND OF THE INVENTION

Tn a conventional wet press process, a furnish of pulp, water, and other chemicals, isfedto a
headbox from which it is deposited on 8 forming wire. The nascent web is transterred to a
papermaking folt and is dewatered by passing it between the felt and a press roll under
pressure. The web is then pressed by a suction press roll against the surface of a rotating
Yankee dryer oylinder that is heated to cause the paper to substantially dry on the cylinder
surface. The moisture within the web as it is laid on the Yankee surface causes the web to
sransfer to the surface. Liquid adhesive may be applied to the surface of the drver, as
necessary, 1o provide substantial adherence of the web to the surface. The web is then
removed from the Yankes surface with a creping blade. The creped web is then passed
between calender rollers and rolled up to be used as a base shest in the downstream
production of a tissue product. This method of making tissue sheets is commonly referred o

as “wet-pressed” because of the compactive method used 1o dewater the wet web,

As used in the present disclosure “wet press,” “wet-pressed,” “wet-pressing,” “conventional
wet press,” “CWP” and other variations on those phrases refer to processes by which 2 base
sheet can be produced. These processes all share the characteristic that the sheet is dewatered
under pressure. While one conventional wet pressing operation is described above, the
system is only exemplary and variations on the described system will be readily apparent to

the skilled artisan.

Conventional wet pressed tissue exhibits an increased density and lower bulk due to
compression during the dewatering process. The action of the creping blade on the paper

i
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wels is known to cause a portion of the interfiber bonds within the paper to be broken up by
the mechanical smashing action of the blade agajust the web as it is being driven into the
blade. Bven afler creping, which attempts to return sheet bulk, wet pressed webs generally

retain a diminished bulk and water absorbency.

As an alternative to conventional wet press technology, through-air-drying (“TAD”) methods
have been developed in which the nascent web is partislly dewatered using vacuum suction.
Thereafter, the partially dewaiered web s dried without compression by passing hot air
through the web while it is supported by 3 through~-drying fabric. However, as compared 1o
conventional wet pressing, through-air-drying is expensive in terms of capital and energy
costs. Because of the consumer perceived sofiness of these products, and their greater ability
10 absorb lquid than webs formed in conventional wet press processes, the products formed

by the through-air-drying process enjoy an advaniage in consumer acceplance.

Because it does not suffer from compaction losses, through-air-dried tissue base sheeis
currently exhibits the highest caliper, i.g., bulk of any base sheet for use in premium tissue
product, Beecause of the high energy demands of TAD, other structured tissue technologies
have been developed.  These technologies all uwse special fabrics or belts to impart a
struciure to the sheet but yse significantly lower nip loads for dewstering than conventional
wet pressing. These processes, like TAD, have a higher energy consumption than
conventional wet pressing. As used herein “structured tissues” or “structured webs™ refers to

tissue that is produced with one of these newer methods.

SUMMARY OF THE INVENTION

The present disclosure provides an embossed tssue sheet baving improved caliper, bulk and
absorbency. According to one embodiment, the embossing method of the present invention
can be used to increase the bulk of tissue sheets made using conventional wet pressing o the
tevels ordinarily found in through-air-dried webs. While the method of this invention is
described in terms of conventional wet pressed base sheets, the method and embossing design
of the present disclosure can be used to improve the bulk of through-air dried webs or other

structured webs currently used in premium products,

As used herein “web,” “sheet,” “tissue,” “nascent web,” “tissue product,” “hase sheet” or

“tissue sheet,” can be used interchangeably to refer to the fibrous web during various stages
2
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of its development. Nascent web, for example, refers 1o the embryonic web that Is deposited
on the forming wire. Onee the web achieves about 30% solids content, i is referred toas a
tissue, or a sheet or a web, Post production, the single-ply of tissue is called a base sheet.
The base sheet may be used alone or combined with other base shests to form a tissue

product or g multi-ply product.

The present disclosure relates to a soft tissue product produced with an emboss pattern
described in the instant disclosure. These higher bulk base sheets allow the final tissue
praducts to be produced using less fiber material resulting in a conservation of resources,
Further when applying the embossing patiern (0 a conventional wet press base sheet there are

considerable energy savings.

In one embodiment, the present disclosure relates to a tissue product comprising at least two
tissue plies, wherein the back-most ply is embossed with an emboss pattemn that is a regular
and comtinuous patiern and that comprises emboss elements having an aspect ratio from about
I to about 2, and a size of from about $.013 o abowt 0.070 inches. The top-most ply is
embossed with a decorative pattern that comprises decorative elements made up of discrete
emboss elements having an aspect ratio from about 1 to about 2, and & size of from about
$3.015 to about 0.070 inches. Adhesive is applied to the tops of the emboss elements of the

decorative pattern on the top-most ply, and the plies are bonded.

According to another embodiment, the disclosure relates o a multi-ply paper product
comprising at least two tissue plies produced by conventional wet pressing, wherein the back-
most ply is embossed with an emboss pattern that comprises ernboss elements having an
aspect ratio from about 1 to about 2, and a size of from about 0.0154 to about 8.070 inches
and a density of from about 30 clements/in to about 380 elements/in. The top-most ply is
embossed with a decorative pattern that comprises decorative elements wade up of disorete
embaoss elements having an aspect ratio from about 1 to about 2, and wherein the decorative
pattern exhibits a bond area across the cross-machine divection (CD) of a repeat cell and &
bond area across the machine direction (MD) of the same repeat cell each ranging from about
5% to ghout 2@%. Adhbesive is applied to the tops of the emboss elements of the decorative

patiern on the top-most ply, and the plies are bonded.
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According to yot another embodiment, the instant disclosure refates to a method of making a
multi-ply product comprising obtaining at least two base shesgis. The first base shest is
embossed with a serigs of amplifying emboss slements that improve the caliper of the base
sheet by at least about 30%. The second base sheet is embossed with a decorative patiern
comprising discrets embossing elements, The first and second base sheets are bonded by
applying adhesive to the second base sheet and combining the at least two plies inte 3 multi-

ply product.

Additional advaniages of the described methods and products will be set forth in part in the
description which follows, and in part will be obvious from the desoription, or may be
learned by practice of the disclosure. The advantages of the disclosure will be realized and
attained by means of the clements and combinations particularly pointed out in the appended

claims.

bt is 1o be understood that both the foregoing general description and the following detatled
description are exemplary and explanstory only and are not restrictive of the invention, as
claimed. The accompanying drawings, which are incorporated in and constituie a part of this
specification, Hlustrate several embodiments and together with the description, serve to

explain the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURES 14 and 18 tllustrate emboss patterns for use on the top-most ply of a multi-ply

product according to the disclosure.

FHURE 2 tHustrates an emboss pattern for use on the bottom-most ply of & multi-ply

product according o the disclosure.
FIGURE 3 illustrates ap emboss pattern corrently osed on a commercial mukii-ply product,

BESCRIPTION
Reference will now be mads in detail to certain exemplary embodiments, examples of which
are illustrated in the accompanying drawings. Wherever possible, the same reference

nurnbers will be used throughout the drawings to refer to the same or like items.
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The present disclosure relates to a bulky, soft and absorbent tissue product. The methods as
described can be used to produce multi-ply products including toilet tissue, paper towels,
napkins, facial tissue, wipers, and other consumer tissue products desiring an aesthetic look
and improved bulk., The embossing method as disclosed can be applied to any non-woven

product, natural or synthetic, where increased bulk is desired.

The base sheet for use in the products of the present disclosure may be made from any art
recognized fibers. Papermaking fibers used to form the absorbent products of the present
disclosure include cellulosic fibers, commonly referred to as wood fibers. Specifically, the
base sheet of the disclosure can be produced from hardwood {(angiosperms or deciduous
trees) or softwood (gymnosperms or coniferous trees) fibers, and any combination thereof,
Hardwood fibers include, but are not Himited to maple, birch, aspen and eucalyptus.
Hardwood fibers generally have a fiber length of about 2.0 mm or less, Softwood fiber
includes spruce and ping and exhibit an average fiber length of about 2.5 mum. Cellulosic
fibers from diverse material origins may also be used to form the web of the present
disclosure. The web of the present disclosure may alse include recycle or secondary fiber.
The products of the present disclosure can also include synthetic fibers as desired for the end

product,

Papermaking fibers can be Liberated from their source material by any one of the number of
chemical pulping processes familiar 1o one experienced in the art including sulfate, sulfite,
polysulfite, soda pulping, etc. The pulp can be bleached as desired by chemical means
including the use of chlorine, chlorine dioxide, oxygen, ete. Allernatively, the papermaking
fibers can be liberated from source material by any one of a number of mwechanical/chemical
pulping processes familiar to anvone experienced in the art including mechanical pulping,
thermomechanical pulping, and chemithermomechanical pulping, These mechanical pulps
can be bicached, if one wishes, by a number of familiar bleaching schemes including alkaline

peroxide and ozone bleaching,

The fiber 15 fed into a headbox where it will be admixed with waler and chemical additives,
as appropriate, before being deposited on the forming wire, The chemical additives for use In
the formation of the base sheets can be any known combination of papermaking chemicals.

Such chemistry is readily understood by the skilled artisan and its selection will depend upon
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the type of end product that one is making. Papormaking chemicals inchude, for example,
strength agents, softeners and debonders, creping modifiers, sizing agents, optical brightening
sgents, retention agents, and the like. The method used in the instant invention to increase

sheet bull shonld not generally be affected by the chemistry of the base sheet.

A first nascent web is formed from the pulp. The web can be formed using any of the
standard wet-press configurations known to the skilled artisan, e.g., orescent former, suction
breast roll, twin-wire former, gic. Once the web is formed, it preferably has a hasis weight,
under TAPPL LAB COMDITIONS of at least about 8 Ibe/3000 sq. & ream, preferably at least
about 10 ths/3000 sq. f1. ream, more preferably at least about 11-14 1hs/3000 g, 1. ream.
TAPP! LAB-CONDITHINS refors to TAPPE T-402 est methods specifving time,

temperature and humidity conditions for a sequence of conditioning steps.

The web is transferred from the forming wire to a febt or fabric for compsactive dewatering,
Finally, the web is adhered to a Yankes dryer, The web can be adhered 1o the Yankee dryer

gsing any known creping adhesive.

The web is then creped from the Yankee drver. The relative speeds between the Yankse dryver
and the reel are preferably controlled to such a level that a reet crepe of at least about 209,
muore preferably 24% and most preferably 25% 15 maintained. Percent crepe is defined as the
Yarkee dryer speed minus the reel speed, divided by the Yankee drver spred, expressed as a
percentage. Creping is preferably carried out at a creping angle of from about 76° 1o about

&8°, preferably about 737 to about €5° and more preferably about 3(4°,

The web is then calendered and rofled to await converting, Converting refers to the processes
that change or convert a base sheet into a final product, Typical converting in the area of

tissue and towsl includes embossing, perforating, and plying.

While exemplary tormation of the base sheet is detailed above, products using any base sheet
can benefit from the improved bulk and absorbeney asseciated with the disclosed invention.
The base sheet for use in the present disclosure can be produced by CWP, TAD or other
structured tissue formation methods and can include base sheets that are creped or uncreped,
homogeneous or stratified, wet-laid or gir-laid and may contain up to 100% non-cellulose

fibers,
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The products of the present disclosure are embossed.  The typical tissue embossing process
involves the compression and sireiching of the flat tissue base sheet between a relatively sof
rubber roll and a hard roll which bears 3 pattern of emboss clements. This method of
embossing improves the agsthetics of the tissue and the structure of the tissue roll. However,
the thickness of the base sheet between the emboss elemenis is actually reduced, further
lowering the perceived bulk of a CWP product made by this process. According (o one
embodiment, the base sheets of the present disclosure can be embossed in this rigid-resilient

fashion.

In the process of the present disclosure, the base sheets can also be embossed between two
hard rolls each of which contain both male and female elements. The elements of one emboss
roll are engaged or mated with the female elements of ancther mirror mage emboss roll
These emboss rolls can be made of materials such as sieel or hard rubber. In this process, the
hase sheet is only compressed between the sidewalls of the male and fommale slements.
Therefore, base sheet thickness is better preserved and bulk perception of a product is much
improved. This mated process and patiern also creates a softer tissue becauss the top of the
tissue profrusions remain soft and uncompressed. According o one embodiment, the base

sheets of the present disclosure can be embossed in a rigid-rigid fashion.

The multiply tissue product of the invention will be described with reference to the various
plies. As used in the present disclosure “topmost,” “top ply,” “front, “front-most,” are
interchangeable and refer to the exposed ply of a tissue ribbon that will bear an aesthetic
design and form the top of the final tissue product. The phrases “back-most,” “back,”
“bottom-ply,” bottom-most” are interchangeable and refer to the exposed ply on the reverse
of the final tissue product, “Intermediate-ply(s)” or “center-ply{s)” are interchangeable and

refer to any base sheets that form a third or fourth ply between the top and bottom plies.

The multi-ply products of the present disclosure have a patiern on the topmost sheet that is
aesthetic and which improves the bulk and softness of the product. The patiern on the
topmaost ply bears a pattern that covers from abowt 3 to sbout 25 % of the tissue. The pattern
on the topmost ply may include any aesthetic pattern or design, so long as the design is
substantislly made up of individual discrete elements that form larger decorative items in the

gesthetic pattern. While the structure of the smbossments is an aspect of the invention, the

.
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assthetic patiern can take any shape or form. These aesthetic designs can take the form of
trademarks or trade dress and thereby associate the particular manufacturer of the tissue with

the product.

According 1o one embodiment, the topmost pattern is used to bold adhesive that will be used
to bond the plics. In this embodiment, the tips of the individual emboss elements that make
up the larger pattern carry adhesive. Such an arrangement allows excellent ply bonding
without a significant increase in stiffness caused by too rouch adhesive. The inclusion of
larger emboss elements or linear elements in the pattern of the topmost ply impacts various
properties, including stifthess. Linear clements will increase the surface area that holds
adhesive and will cause a {oss in softness. To the extent that a reduction in softness is
acceptable, the present invention contemplates that the agsthetic patiern could contain some

himited linear embossing elements.

The paper products according to the present invention can be plied using any art recognized
methed, including but not limited to, mechanical lamination, for example, by knurling or
embossing and chemical means, including but not limited {0 a chemical adbesive. Any art

recognized adhesive may be used in the invention of the instant disclosure.

According to one embodiment, the emboss pattern used on the topmost ply exhibits a bond
area across the cross-machine direction (CD¥) of a repeat cell and a bond area across the
machine direction (M) of the same repeat cell each ranging from sbout 5% to about 20%,
As defined herein, the bond area is calculated by measuring the bond area of the embaoss
pattern across the entire CD or MD of the repeat unit. The bond area is measured on a linear
basis across the repeat unil. The bond area as defined herein is calculated based upon either
the embossing roll used o produce the embossed sheet or the engineering drawings used to
produce the emboss roll, The bond area of the emboss patterns for use in the present

invention range between about 5% and about 20%,

Figs. 1A and 1B depict repeating patterns for wse in the products of the present disclosure.
For rolied products, the patiern would generally traverse the entire width and length of the
base sheet. The pattern contains larger decorative slements, i.g, a butterfly, acloudora
flower, that are made up of a series of smaller embossing elements. As used hergin, these

smaller embossing elernents that make up the decorative patiern will be referred to as
8
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“discrete” embossing elemsents or “individual” embossing elements, both terms being used
interchangeably to define the embossments that are used o make up the decorative clements.
These discrele embossing elements can be homogeneous i size or can vary within the
pattern, The patierns as shown in Figs. 14 and 1B contain elements of varving size. In

addition, the shape of the elements can be varied within a given paitern.

According to one embodiment, discrete embossing slements have an aspect ratic of 1
Examples of elements having this aspect ratio include for example circles and squares.
According 1o this embodiment of the present disclosure, the discrete embossing elernents can

have an aspect ratio of from 1 @ about 1.25, for example from about 1 io about 1.1,

According to one embodiment, when discrete embossing elements have an ovoid shape, the

aspect ratio can be from about 1 to about 2,

According to one embodiment, the diserete embossing elements have a size of from betwesn
about (L0115 inches and about 0.970 inches, for example, between sbout 0.05 inches to about
(.07 inches, for example, between gbout $.03 inches and about .04 inches, for example
between about 0,045 inches and about 8.053 inches. As used herein, “size” refers to the

measuremant of the shortest dimension of the discrete embossing slement.

According to another embodiment, the angle of the sidewalls of the elements s betwesn
about 10 and about 30 degrees, for example, between about 1% and 23 degress, for example,
about 20 degrees. According o yvet another embodiment, the discrete embossing elements
are embossed to a depth of fom 0.050 to abowt 8.080 inches, for example, 1o a depth of about
(.60 to about (.70 inches. The size of the emboss eloments are measured in the center of the

radius. As used herein size refers to the average of the elemenis.

According o one embodiment, as shown in Fig. 14, the pattern contains discrete embossing
glements having a size of abowt 0.054 inches, slong with discrete embossing cloments having
a size of about .044 inches, as well as discrete embossing clements that have a size of 0,045

inches. In this example, the decorative clements are made up solely of curvilinear segments,

The multi-ply products of the present disclosure have g pattern on the bottommost sheet that
is less decorative but which substantially improves the bulk, absorbency and sofingss of the

product. The bottommost ply bears a patiern that covers between about 106% and between
@
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about 25% of the tissue surface. The density of the emboss elements on the bottommost
sheet can be varied within the disclosed ranges, as long as the bulk and soliness
characteristics are maintained. The shape of the embossing elements in the bottommost
pattern can be aliered, for example to be square, but the aspect ratio of the elements should

remain close to 1,

Fig. 2 depicts one repeating pattern for use in the products of the present disclosure. For
rolled products, the pattern would generally traverse the entire width and length of the base
sheet. The pattern contains a continuous and regular pattern of embossments that cause the
btk of the sheet to increase. As used hersin, these embossing elements that are on the
bottommaost ply of the product will be referred to as “amplifying embossments.” These
amplifying embossing elements can be homogeneous in size and shape or can vary within a

given pattern. The pattern as shown in Fig. 2 contains elements of a single size,

According to one embodiment, amplifying embossing clements, like the discrete clements of
the topmost patiern also have an aspect ratio of about 1. Examples of elements having this
aspect ratio include for example circles and squares. According io one embodiment of the
present disclosure, the amplifving embossing elements can have an aspect ratio of from | to

about 1.25, for example from about 1 to about 1.1

According to one embodiment, when the amplifving embossing clements have an ovoid

shape, the aspect ratio can be from about 1 o about 2,

According to one embodiment, the amplifying embossing elements have a size of from
between about 0,005 inches and about §.070 inches, for example, between from about $.015
inches to abowt $.07 inches, for example, betwesn about 8.03 inches and about §.04 inches,
for example between about 0.043 inches and about §.055 inches. As used herein, “size” refers

tor the measurement of the shortest dimension of the amplifying element.

According to another embodiment, the angle of the sidewalls of the amplifving elements is
between about 10 and about 30 degrees, for example, between about 19 and 23 degrees, for
example, about 20 degress. According to yet another embodiment, the amplifying embossing
glements are embossed to a depth of fom 0.050 to about 0.080 inches, for example, toa

depth of about 0.60 to about §.70 inches.

16
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Ascording to one embodiment, the average density of the arplifying embossing elevents i3
from about 30 to 380 emboss clements/in, for example, from 30 to sbhout 250 emboss
elemenis/in, for example, from about 70 o about 150 embossments/in, for example, from
gbout 70 (o sbout 105 ervbosaments/in, According to one embodiment, when the height of the

emboss elements is reduced, a concurrent increase in the element density will be seen.

According to one smbodiment, the pattern of amplifving clements can be oriented so that the
tops of the amplifying elements protrude from the sheet and form the exposed surface of the
paper product or they can be oriented inward so that they are on the bonding side of the base

sheet.

According 1o one embodiment, as shown in Fig. 2, the patiern contains amplifying embossing
slements having a width of about $.050 inches, and an averags density 163 smbuossing
clements/in. The patiern of amplifving ermbossing clements shown in Fig. 2 is orfented 50

that the elements extend outward.

Unless otherwise specified, “basis weight”, BWT, BW, and so torth, refers to the weight of a
3000 square-foot ream of product (basis weight is also expressed in gfm2 or gsm). Likewise,
“reamy’” means a 3000 square-foot ream, unless otherwise specified. The muiti-ply product of
the present disclosure has a basis weight of from about 19 o about 28 the/ream, for example,

fromn about 20 1o about 26 Ibafream, for example, from about 22 to about 24 Ibs/ream,

The multi-ply product of the present disclosure has a caliper of from at least about 125 o
about 200 mils/8 sheets, for example, from abowt 125 to abouwt 173 mils/8 sheots, for
exame, from about 130 o about 180 mils/8 sheets, for example, from about 130 1o about

L8 mitla/B sheets, for example, from about 130 to abont 150 mils/& sheets,

{alipers reported herein are B-sheet calipers unless otherwise indicated. The sheets are
stacked and the caliper measurement taken abowt the central portion of the stack. Preferably,
the test samples are conditionad in an atmosphere of 23°%61.0° €. (73.4°£1.8°F.) at 50%
relative humidity for at least about 2 hours and then measured with a Thwing-Albert Maodel
§8-11-JR or Progage Electronic Thickness Tester with 2-in (58.8-mmy) diameter anvils,
539410 grams dead weight foad, and 0.231 in/sec descent rate. For finished product testing,

cach sheet of product to be tested must have the same number of plies as the product s sold.

b



16

WO 2015/175281 PCT/US2015/029440

For base sheet testing off of the paper machine reel, single plies are used with eight sheets
heing selected and stacked together, Specific volume is determined from basis weight and

caliper.

The muiti-phy product of the present disclosure has a geometric Mean Tensile Strength of
from about 500 1o about 1108, for example, from about 560 1o about 900, for example, from

about 850 o about 750,

Diry tensile strengths (MD and CD), streteh, ratios thereof, break modulus, stress and strain
are measured with a8 standard Instron test device or other suitable elongation tensile tester
which may be configured in various ways, typically using 3 or 1 inch wide strips of tissue or
towel, conditioned at 5095 relative humidity and 23° C. (73.4° F.}, with the tensile test run at
a crosshead speed of 2 in/min for modulus, 10 in/min for tensile. For purposes of caloulating
moduius valoes, inch wide specimens were pulled 81 0.3 inches per minute so that a larger
number of data points werg available. Unless otherwise clear from the context, stretch refers
o streteh (elongation) at break. Bresk modulus is the ratio of peak load to streich at pesk
toad. Tensile modulus, reported in grams per inch per percent strain, is determined by the
same procedurs used for tensile strenpth except that the modulus recorded is the geometric
mean of the chord slopes of the cross direction and machine direction load-strain curves from

2 value of § to 100 grams, and g sample width of only one inch is used.

GMT refers to the geomeiric mean tensile strength of the CD and MD tensile. Tensile energy

absorption {TEA} is messured in scoordance with TAPPI test method T494 om-G1.

The multi-ply product of the present disclosure has g roll compression of from about 10% fo
about 30%, for example, from about 12% to about 25%%, for example, from about 16% to

abong 20%,

The multi-ply product of the present disclosure has a TMI ply bond of at least about 2 g, for

exasuple, from about 2 g 0 about 20 g, for example, from about § gioabout 15 1.

Ply bond strengths reported herein are determined from the average load required to separate
the plies of two-ply tissue, towel, napkin, and facial finished products using TMI Ply Bond
L.ab Master Slip & Friction tester Maodel 32-90, with high-sensitivity load measuring option

and custom planar top without elevator available from: Testing Machines Inc. 2910

12
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Expressway Drive South Islandia, NY. 11722; (800)-678-3221; www .testingmachines.com.
Ply Bond clamps are available from: Research Dimensions, 1720 Oskridge Road, Neenah,
Wis, 34956, Contact: Glen Winkler, Phone: 920-722-2289 and Fax: 928-725-6874.

Sarmples are preconditioned according to TAPPI standards and handled only by the edges and

corners care being exercised to minimize touching the area of the sample 1o be tested.

At least ten sheets following the tail seal are discarded. Four samples are cut from the roll
thereafter, cach having a length equivalent to 2 sheets but the culs are made %" away from
the perforation lines by making a first CD cut 4" before a first perforation and a second OB
cut ¥4" before the third perforation so that the second perforation remains roughly centered In
the sheet. The plies of each specimen are initially separated in the leading edge area before

the first perforation continuing o approximately 1" past this perforation.

The sample is positioned so that the interior ply faces upwardly, the separated portion of the
ply is folded back o a location 2" from the initial cut and %" from the first perforation, and
creased there, The folded back portion of the top ply is secured in one clamp 30 that the line
contact of the top grip is on the perforation; and the clamp is placed back onto the load cell.
The exterior ply of the samples is secured to the platform, aligning the perforgtion with the

line contact of the grip and cenlering it with the clamp edges,

Afler ensuring that the sampfc is aligned with the clamps and perforations, the load-
raeasuring arm is slowly moved to the left at a speed of 25.4 cm/min, for a test length of 16,3
cm and the average load between 5 — 14 o on the avm (in g.) ts weasured and recorded. The
gverage of 3 samples is recorded with the fourth sample being reserved for use in case of

damage o one of the first three.

For products having more than two plies follow the same preparation procedure and obtain
two samples. Take one sample and test each of the plies starting with the outside ply and
removing one sheet at a time until alf plies are tested. Each of the individual ply bonds are
averaged to obtain the ply bond value in grams. Test the other sample the same way and the

average of the two in grams is reported.

According to ong emb@dimén‘;, the multi-ply product of the present disclosure has a

saturation capacity of from about 1500 to about 1900 g/im®, for example, from about 17046 to
i3
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about 1800 g/m?, for example, from about 1750 to about 1800 g/m®. The multi-ply product
according to ong embodiment of the present disclosure exhibits a saturation ratio of from
about 70 1o about 90, for example, from about 75 to about 85 g/m™/ /3000 &, As used

herein saturation ratio refers to saturation capacity divided by of basis weight.

Absorbency of the inventive products is meagured with a simple absorbency tester. The
simple absorbency tester is a particularly useful apparatus for measuring the hydrophilicity
and absorbency properties of a sample of tissue, napkins, or fowel, In this test 3 sample of
iissue, napkins, or towel 2.0 inches in diameter s mounted between a top plastic cover and a
bottom grooved sample plate. The tissue sample disc {5 sheets thick) is held inplace by a s
inch wide circumference flange area. The sample is not compressed by the holder. De-ionized
water at 737 F, is infroduced to the sample at the center of the bottom sample plate through a
3 mm. diameter conduit. This water is at a hydrostatic head of minus § mm. Flow is initiated
by a pulse introduced at the start of the measurement by the instrument mechanism. Water is
thus imbibed by the tissue, napkin, or towel sample from this central entrance point radially
outward by capillary action, When the rate of water imbibation decreases below 0.605 gm
water per S seconds, the test is terminated. The amount of water removed from the reservolr
and absorbed by the sample is weighed and reported as grams of water per square meter of
sample or grams of water per gram of sheet. In practice, an M/K Systems Inc, Gravimetric
Absorbency Testing System is used. This 15 a commercial system obtainable from MK
Systems Inc., 12 Garden Street, Danvers, Mass,, 01923, WAC, or water absorbent capacity,
also referred to as SAT, is actually delermined by the instrument itself. WAU is defined a3
the point where the weight versus time graph reaches the termination criteria. The termination
criteria for g test are expressed in maximum change in water weight absorbed over a fixed
time period. This is basically an estimate of zero slope on the weight versus time graph, The
program uses a change of 0.003 g over a 5 second time interval as termination criteria; unless

“Slow SAT” is specified in which case the cut off criteria is § mg in 28 seconds.

Water absorbency rate is measured in seconds and is the time it takes for a sample to absorb a
3.1 gram droplet of water disposed on its surface by way of an awiomated syringe. The test
specimens are preferably conditioned at 23° C&1° € (73.4° F=1.8° F.) at 530% relative
humidity. For gach sample, 4 3x3 inch tost specimens are prepared, Each specimen is placed
in 3 sample holder such that a high intensity lamp is directed toward the specimen. 0.1 mi of

14
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water is deposited on the specimen surface and a stop watch is started. When the waler is
absorbed, as indicated by lack of further reflection of light from the drop, the stopwatch is
stopped and the time recorded to the nearest (.1 seconds. The procedure is repeated for each
spectmen and the results averaged for the sample. SAT Rate is determined by graphing the
weight of water absorbed by the sample (in grams) against the square root of time {n
seconds), The SAT rate is the best {it slope between 10 and 60 percent of the end point

{grams of water absorbed).

The multi-ply product of the present disclosure has a sensory sofiness of from about 17 to
about 28, for example, from about 17.5 to about 19, for example, from about 18,1 1o about
18.5.

Subjective product atiributes, such as sensory sofiness, are ofien best evaluated vsing test
protocols i which a consumer uses and evaluates a product. In a “monadic” test, a consumer
will use a single product and evaluate its characteristics using a standard scale. In paired
comparison tests, the consumers are given samples of two different products and asked (o rate
gach vis-3-vis the other for either specific atiributes or overall preference. Sensory sofiness is
a subjectively measured tactile property that appmxfmates consumer perception of sheet
softoess in normal use, Sofiness is usually measured by 20 trained panelists and includes
internal comparison among product samples. The resulis obtained are statistically converted

to a useful comparative scale.

The multi-ply product of the present disclosure has a bulk of at least about 5.9 {caliper/BW) /
mils/Bplies/Ib/ream from about 6.0 to about 7.5 {caliper/BW} / mils/Eplies/Ib/ream, for
example, from about 6.5 fo about 7.2 {caliper/BW} / mils/&plies/ib/ream. Bulk is caleulated

from the caliper and basis weight measurements as described above.

It should be noted that the methods and products described herein should not be limited to the

exampiles provided. Rather, the examples are only representative in nature.

,...
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EXAMPLE §

Two ply paper products were produced using base sheets made at commercial paper mills,
The comparative product was embossed with the patiern as shown in Fig. 3. Two-ply
products of the same hase sheet were embossed according o the instant invention with the

patterns of Fig, 1A on the top ply and Fig. 2 on the botiom ply.

As can be seen from Table 1, below, two-ply products according to the present invention

exhibited significant improvemenis in bulk and absorbency while maintaining 4 soft shest.

When comparing the inventive preduct against the conventionally embossed product on the
first base shest, the caliper of the Inventive product exhibited a 30% wmprovement. Likewise,
when comparing the inventive product again the conventionally embossed product on the
second base sheet and third base sheet, the caliper of the Invertive product went up by 41%
and 37%, respectively. Finally, when comparing the inventive product against the
conventionally embossed product on the fourth base sheet, the caliper improved by an

cutstanding £1%.

The paper product according to the instant disclosure exhibits an improvement in caliper of
from about 30% to about 839, for exarnple, from about 30% 1o about 50%, for example fram
about 30% 1o about 40%. As used herein, percent increass in caliper is defined as an increase
in the caliper of a base sheet when embossed with a pattern in accordance with the fnvention

compared o the same base sheet bearing the pattern of Fig. 3.

i
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Market
Product IDs and | Fig. 3 o Fig 3. . Fig. 3 inventlon| Fig3 (freat
converting Embuass 5“‘"““"3."““‘ Emboss imenﬁufﬁ smbossi Base 3 jsmboss ?&M‘
process Base | Base d Base 2 Base 2 Base 3 Base d Qdi'tra.
Strong
TAD
Sheet Courtt 264 3G 318 30¢ 264 260 264
Basis Weight
{ihs/ream} 23.5 22.5 20.4 199 274 1 364 | 2440 7 23.5
Caliper
(mils/Eshis) 142 133 a2 129 112 133 S8 145
Geometric
Mean Tensile
{(2/3™} 549 61 708 S84 353 527 718 111g
Roll DHameter
{inches) 4,58 5.7 4.59 3,48 4481 382 1463 4,68
Roll
Compression
{%o) 3.6 24.0 13.6 4.8 iS6 ) 2398 281
THI Ply Bond
(g} 4.0 6.9 0.0 8.9 0.4 8.3 0.4 16.3
SAT Capacity
i’
{3 shoets) 1486 | 1731 1502 tadl {18371 1796 1774
SAT Rale
/5705 27 | 030 | 038 | 041 032 033 .57
SAT Timesec {2657 | 3028 | 1605 1 1283 120501 22472 1412
Yoxi volume
Nensory
Sofiness 182 18.2 17.0 17.7 18.2 182 i~174 18,3
Huotk
{caliper/basis
weight)
mils/8
es/IR 4.34 5,91 4,48 G4% | 4.09 588 1 4.08 6,19

Saturation Ratio
ym® (8 sheets)
ibs/3000 #

63

ey
-

74

&9

As can be seen from Table 1, the prodact produced i accordance with the present disclosurs

also exhibits an bnprovement in SAT Capacity, Le., absorbency. The absorbency of the

. ) e . - s e 4
products of the present invention improved by more than 160 g/m”, for example, base sheet

one improved 245 g/m”, while using base shest two, the product improved by 139 g/m” and

finally using base sheet three, the product improved by 159 g/m”,

i
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Finally, each of the products of the present invention exhibit significant mprovements in
bulk. As can be scen from Table 1, the product made from base sheet four increased in bulk
from 4.08 to 7.49 {caliper/basis weight) / mils/§ plies/t/R. This product sccording to the
present invention provides a8 bulk which is a significant improvement over the commercial

TAD product marketed as Great Value Ultra Strong,

The products contemplated by of the present disclosure have characteristics of bulk and
absorbency that rival current TAD market products, but they can be produced using far less

encrgy if the base sheet is g conventional wet press base sheet,

Additionally, other embodiments will be gpparent from consideration of the specification and
wractice of the present disclosure, 1 is intended that the specification and examples be
considered as exemplary only, with a true scope and spirft of the invention being indicated by

ihe following clabms,
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What is claimed is:

1. A tissue product comprising,

at least two tissue plies,

wherein the back-most ply is embossed with an emboss pattern that is a regular and

L

continuous pattern and that comprises emboss elements having an aspect ratio of fom about

1 o about 2, and a size of from abowt $.0135 io gbowt 0.070 inches;

wherein the top-maost ply is embossed with a decorative pattern that comprises
decorative elements made up of discrete emboss elements having an aspect ratio of from

about | to about 2, and a size of from about 0.015 to about 0.070 inches,

i 2. The tissue product of claim 1, wherein the back-most ply {5 produced using

conventional wet pressing.

3. The tissue product of claim 2, wherein the top-most ply is produced using

conventional wet pressing.

4. The tissue product of claim 1, wherein adhesive is applied to the tops of the

13 emboss elements of the decorative patiern on the top-most ply, and the plics are bonded,

5. The tissue producﬁ of claim 2, wherein the top-most ply is produced using through-

air-drying or another method for forming a structured base sheet.

6. The tissue product of claim 1, wherein the density of the emboss elements on the

back-most ply are from about 30 1o about 150 embossments per square inch.

I8y
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7. The tissue product of claim 1, wherein the decorative patiern exhibits a bond ares
acrass the cross-machine direction {CD) of a repeat cell and a bond ares across the machine

direction (MDD} of the same repeat cell each ranging from ahout 3% to about 20%,.

& A multi-ply paper product comprising:

5 at least two tissue plies produced by conventional wet pressing,

wherein the back-most ply is erobossed with an emboss patiern that comprises omboss
clements having an aspect ratio of from about 1 o about 2, and a size of from about 0.040

abowt 1,070 inches and a density of from about 30 elements/in to gbout 380 elements/ing

wherein the fop-most ply is embossed with a decorative pattern that comprises
10 decorative elements made up of discreie emboss elements having an aspect ratio of from
sbout 1 to about 2, and wherein the decorative paticrn exhibits a bond area across the cross-
machine direction (CD} of a repeat cell and a bond ares scross the machine direction (M) of
the same repeat cell sach ranging from abowt 554 1o about 20946,
$. The paper product of claim 8, whereln adbesive is applied to the tops of the
15 emboss clements of the decorative pattern on the top-most ply, and the phies are bonded.
16. A method of making & mulii-ply product comprising,
obtaining at least two base shests,
embossing the first base sheet with a series of amplifving emboss elements that
improve the caliper of the base sheet by at jeast about 30%;
20 emibassing the seeond base sheet with a decorative patiern comprising discrete
embossing elemenis;

plying the at least two base sheets to form g multi-ply product,

8
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i1, The method of claim 19, wherein the first base sheet is the back-most ply and is

produced using conventional wet pressing.

12. The method of claim 11, wherein the second base sheet i3 the top-most ply and is

produced using conventional wet pressing.

13, The method of claim 10, comprising applving adhesive to the tops of the emboss

elements of the decorative patiern on the second base sheet, and the plies are bonded,

i4, The method of claim 10, comprising plying the at least two base sheats by

mechanically bonding the shests together,

15. The method of claim 11, wherein the sccond base sheet is the top-most ply and is

produced using through-air-drying or another method for forming a structured base sheet,

15, The method of claim 10, wherein the density of the emboss elements on the first
base sheet are from about 50 o about 150 embossments per square inch and the first base

sheet is the back-most phy.

17. The method of claim 1{, wherein the decorative patiern exhibits g bond area
across the cross-machine direction {CD) of a repeat cell and a bond ares across the machine

direction (MI¥) of the same repeat cell each ranging from about 396 {0 about 209,
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I:I No protest accompanied the payment of additional search fees.
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Supplemental Box

Continuation of: Box II1
This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:

e (Claims 1 to 9 are directed to a tissue product comprising, at least two tissue plies, wherein the back—most ply is embossed
with an emboss pattern that is a regular and continuous pattern and that comprises emboss elements having an aspect ratio
of from about 1 to about 2, and a size of from about 0.040 to about 0.070 inches. The feature of emboss elements having
an aspect ratio of from about 1 to about 2, and a size of from about 0.040 to about 0.070 inches is specific to this group of
claims.

¢ Claims 10 to 17 are directed to method of making a multi-ply product comprising, obtaining at least two base sheets,
embossing the first base sheet with a series of amplifying emboss elements that improve the caliper of the base sheet by at
least about 30%. The feature of embossing the first base sheet with a series of amplifying emboss elements that improve
the caliper of the base sheet by at least about 30% is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a

priori.

As the additional invention did not require significant additional search, this report is directed to all inventions.
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 8287986 B2 16 October 2012 US 2009297781 Al 03 Dec 2009
US 8287986 B2 16 Oct 2012
CA 2725378 Al 17 Dec 2009
EP 2281084 A2 09 Feb 2011
MX 2010012794 A 14 Dec 2010
WO 2009151544 A2 17 Dec 2009

CA 2436521 C 29 August 2002 CA 2436521 Al 29 Aug 2002
BR 0207289 A 10 Aug 2004
CN 1491306 A 21 Apr 2004
EP 1233107 Al 21 Aug 2002
EP 1233107 B1 22 Aug 2007
JP 2004519274 A 02 Jul 2004
JP 4439811 B2 24 Mar 2010
KR 20030074724 A 19 Sep 2003
MX PA03007330 A 04 Dec 2003
US 2004055721 A1 25 Mar 2004
US 7407560 B2 05 Aug 2008
WO 02066740 Al 29 Aug 2002

US 2010/0030174 A1l 04 February 2010 US 2010030174 Al 04 Feb 2010
CA 2733028 Al 11 Feb 2010
EP 2310571 Al 20 Apr 2011
MX 2011000973 A 15 Mar 2011
WO 2010017189 Al 11 Feb 2010

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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