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Coreless Rolls of a Tissue Paper Product and Methods of
Manufacturing Coreless Rolls

Technical Field

The present disclosure relates to coreless rolls of a tissue
paper product, such as toilet paper, made of a spirally wound
continuous web of tissue paper product. The disclosure also
relates to methods of manufacturing coreless rolls of a

tissue paper product, such as toilet paper.

Technical Background

In the following, a “tissue paper product” relates to an
absorbent paper based on cellulose wadding. The latter is
also referred to as a tissue paper base-sheet in this field

of technology.

Fibres contained 1in a tissue paper product are mainly
cellulosic fibres, such as pulp fibres from chemical pulp
(e.g. Kraft or sulphite), mechanical pulp (e.g. ground wood),
thermo-mechanical pulp, chemo-mechanical pulp and/or chemo-
thermo-mechanical pulp (CTMP) . Pulps derived from both
deciduous (hardwood) and coniferous (softwood) can be used.
Fibres may also come from non-wood plants, e.g., cereal,
bamboo, jute, and sisal. The fibres or a portion of the
fibres may be recycled fibres, which may belong to any or all
of the above categories. The fibres can be treated with
additives, e.g. fillers, softeners, such as, but not limited
to, gquaternary ammonium compounds and binders, conventional
dry-strength agents, temporary wet strength agents or wet-
strength agents, in order to facilitate the original paper
making or to adjust the properties thereof. The tissue paper
product may also contain other types of fibres, e.g.,

regenerated cellulosic fibres or synthetic fibres for
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enhancing, for instance, strength, absorption, smoothness or

softness of the tissue paper product.

Whenever reference 1is made to the “softness” of a tissue
paper product in this text, reference is made to the property
of softness measured by a softness test method relying on a
TSA” (Tissue Softness Analyzer). TSA uses acoustic waves and
has been demonstrated to correlate well with hand panel tests
for thin materials like tissue paper. The test method follows
the general outline of the TSA instrument manual dated 2013-
07-08 (Collection of the TSA Operating instruction, Multi
Functional Measuring system, Tissue Softness Analyzer, 2012-
12-12, available from EMTEC electronic GMBH with the settings
as set forth therein or in WO 2019/221647 Al in the name of
Essity Hygiene and Health Aktiebolag.

The Tissue Softness Analyzer TSA simultaneously gathers the
essential single relevant parameters which have an influence
on the tissue softness, and provides a comfort prediction.
The comfort prediction may be used to determine the softer
one out of two tissues being compared. A higher value

indicates a higher softness.

Tissue paper products may be used for personal and household
use as well as for commercial and industrial use. They may be
adapted to absorb fluids, remove dust, and for other cleaning
purposes. If tissue paper is to be made out of pulp, the
process essentially comprises a forming step that includes a
headbox- and a forming wire section, and a drying section,
either through air drying or conventional drying on a Yankee
cylinder. The production process may also include a crepe

and, finally, typically a monitoring and winding step.

Several plies may be combined together by a combining
operation of a chemical nature (e.g., by adhesive bonding),
or of a mechanical nature (e.g., by knurling or so-called

edge-embossing), or a combination of both.



WO 2022/003383 PCT/1B2020/000589

Further, the ©processing to finished tissue product may
involve, e.g., longitudinal cut, cross cut, etc. Moreover,
individual tissue products may be positioned and Dbrought
together to form stacks, which may be individually packaged.
Such processing steps may also include application of
substances like scents, lotions, softeners or other chemical

additives.

When several plies are combined together wusing adhesive
bonding, a film of adhesive is deposited over some or all of
the surface of at least one of the plies, then the adhesive-

treated surface is placed in contact with the surface of at

least one other ply.

When several plies are combined together using mechanical
bonding, the plies may be combined by knurling, by
compression, by edge-embossing, union embossing and/or

ultrasonic.

Mechanical and adhesive bonding may also be combined to

combine several plies.

The processing step from the base tissue to a finished tissue
paper product occurs 1in processing machines (converting
machines) which include operations such as unwinding the base
tissue, calendaring of the tissue, laminating, printing or

embossing together to form a multi-ply product.

Embossing can be used to change the shape of a ply from flat
to shaped, so that there are areas that are raised and/or
recessed from the «rest of the surface. It therefore
constitutes a deformation of the previously flat sheet, and
results in a ply having a particular relief. Usually, the
thickness of the ply or of the multiple plies is increased

after embossing compared with its initial thickness.
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An embossing process is carried out between an embossing roll
and a counter roll. The embossing roll can have protrusions
or depressions on 1its circumferential surface leading to
embossed protrusions/depressions in the paper web. Counter
rolls may be softer than the corresponding embossing roll and
may consist of rubber, such as natural rubber, or plastic
materials, paper or steel. If the counter roll is made of a
softer material like rubber, a contact area/nip can be formed
between the embossing roll (e.g., steel roll) and the counter

roll by the deformation of the softer roll.

By embossing, a pattern can be applied to a tissue paper
fulfilling a decorative and/or functional purpose. A
functional purpose may be to improve the properties of the
hygiene paper product, that is, the embossment may improve
the product thickness, absorbency, bulk, softness, etc. A
functional purpose may also be to provide a joint to another

ply in a multi-ply product.

Another type of embossment is referred to herein as a “pre-
embossment”. A pre-embossment could preferably be applied to
a web or ply prior to its joining to the other plies of a

multi-ply tissue product.

Such pre-embossment may be made for a functional purpose e.g.
as laid out in the above to increase the thickness of the

ply, the absorbency, bulk and/or softness.

“Micro-embossment” 1is used herein for an embossment pattern
with a dense configuration. Typically, the micro-embossment
may comprise dots in the range 20 to 100 dots per cm2,
preferably 40 to 80 dots per cm2. A micro-embossment may
advantageously be a pre-embossment. The micro-embossed dots
may have different relatively simple surface shapes such as

circles, ovals, squares, rectangles or diamonds.
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It has become known to produce rolls of tissue paper
products, such as toilet paper, without a core (e.g., without
an additional cardboard core), so-called coreless rolls. This
is appealing as a reduction of waste is achieved (as the
cores of used rolls were a waste product). However, the
coreless rolls are not always as satisfying for customers as
rolls with a core, e.g., due to a reduced stability in

comparison to the rolls with a core.

There 1is, hence, a need for improved coreless rolls,
improving customer satisfaction while nevertheless allowing
to reduce waste (by avoiding, in particular, the need of
providing cores which usually end up as waste). Specifically,
such coreless rolls should address at least one of the above-
mentioned shortcomings. Moreover, there is a need for
manufacturing methods for improved <coreless rolls that

address at least one of the above-mentioned shortcomings.

sSummary

One aspect of the above-mentioned object is achieved by a
coreless roll of a tissue paper product, such as toilet
paper, 1in accordance with the present disclosure. The
coreless roll is made of a spirally wound continuous web of
tissue paper having a first end and a second end, the web of
absorbent material being wound such as to define an axially
extending inner hole centrally positioned relative to the
coreless roll and such that the first end is located on the
outer side of the coreless roll and the second end is located

at the inner hole.

The tissue paper product comprises at least two plies,
wherein all of the plies of the tissue paper product are made
of Conventional Wet Press paper (CWP). At least one of the
plies is an embossed ply, i.e., a ply comprising embossments.
Being an “embossed ply” does not mean that the entire ply

needs to be covered with embossments (although in the case of
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some embodiments, embossments may indeed be spread out over
the entire ply). It means instead that embossments are
present on the ply, irrespective of how many embossments are
present. In other words, the embossed ply may comprise
embossments everywhere, or there may be embossments only in a
region or in some regions, etc. An embossed ply is
manufactured by embossing the ply with an embossing roll
(usually between an embossing roll and a counter roll)
provided with embossing protrusions which are used to form

the embossments on the ply.

The coreless roll has an outer diameter in the range of 95 to
150 mm. A diameter of the inner hole is in the range of 20 to
50 mm. The diameter of the inner hole, as referred to in this
text, 1s to Dbe understood to be an “average diameter”
obtained by dividing the perimeter of the inner hole by um (n
may, of course, be approximated, e.g., by 3.14). The actual
distance between opposing surfaces of the inner hole may vary
as one moves along the perimeter, as the inner hole does not
need to have a round cross-sectional shape, but is typically
a Dbit irregular (depending, e.g., on how the roll was

transported, etc.).

A density of the coreless roll is in a range of 110 to 160
kg/m®*. The roll density is defined (throughout this text) as
the ratio between the weight of the roll and the volume of
tissue paper product. The expression “volume of the tissue
paper product” is used to refer to the difference between the
external volume of the coreless roll (i.e., the wvolume
defined by the outer cylindrical shape of the entire roll)
and the volume of the inner cylinder defined by the inner
hole. In other words, the volume may be thought of as the
volume of an outer cylinder subtracted by the volume of the

inner cylinder.

The tissue paper product comprises glued areas, where the

plies are ply-bonded to each other using an adhesive such as
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a lamination glue, and non-glued areas Dbetween the glued

areas.

Within the glued areas, the adhesive need not be provided
everywhere, in the sense that the adhesive can, for example,
be concentrated in regions (such as embossments dots or, put
differently, tips of particular embossments, etc.) spread out
throughout the respective glued areas. According to
alternative embodiments, the adhesive may instead spread out
over the entire glued areas (or at least some of the glued

areas) .

At least some of the glued areas are glued embossed areas,
i.e., glued areas that comprise embossments of the embossed
ply. The glued embossed areas may thus be a subset of the
glued areas. In other words, some glued areas may not
comprise embossments and may thus not be glued embossed
areas. Moreover, additional embossments may be located
elsewhere, 1i.e., outside of glued areas. Thus, the glued
embossed areas may be considered to constitute the overlap

between glued areas and embossed areas.

A sum of areas of all glued embossed areas is at least 6% of
a sum of the areas of all glued areas and of areas of all
non-glued areas. On a tissue paper product, the percentage of
the areas of all glued embossed areas, can, for example, be
quantified on a unit sheet of the tissue paper product, the
unit sheet, e.g., being a sheet of a particular length (such
as 5 cm, 7 cm, 10 cm, etc.). Alternatively, the unit sheet
may be one sheet of tissue paper products confined by
perforation lines for tearing off the sheet, as 1is
customarily found in kitchen paper or toilet paper. The glued
embossed areas amount to 6% of the total area (of the tissue
paper product, or, at least locally, of a part thereof, such

as on some sheet).

Over at least 80% of the glued embossed areas, a maximum
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distance between adjacent embossments of the embossed ply is
2.5 mm or less, optionally 2.0 mm or less, or 1.5 mm or less.
This means that the maximum distance in question 1is
maintained across 80% of the sum of all glued embossed areas.
In other words, more than the maximum distance may be present
between adjacent embossments over up to 20% of the sum of all
glued embossed areas. The larger distances may be present on
a fraction of each glued embossed area. Alternatively, the
larger distances may be present only in some (but not all of
the) glued embossed areas. In other words, the 20% deviation
from the maximum distance requirement may be distributed onto
the glued embossed areas in any way. The maximum distance in
question may be maintained over 80% of the glued embossed
areas 1in the sense that the entire areas of 80% of the glued
embossed areas may maintain it. Y“Over at least 80%” Jjust
means that, overall, at least 80% of the sum of all surfaces
of all glued embossed areas, respects the maximum distance in

question.

“At least 80% of the glued embossed areas” may be 80% of the
sum of all surfaces of a repetitive unit of the tissue paper
product. The tissue paper product comprises repetitive units
based on the fact that all of the rolls used to manufacture
the repetitive units process adjacent parts of the plies
which will be comprised in the product successively, so that

a periodicity is generated.

The coreless rolls with a tissue paper product in accordance
with the present disclosure may have a particularly high
radial compression strength. Specifically, the radial
compression strength of such rolls may be 20 N or more, or
even 25N or more, or even 30N. These are robust and meet the
requirements, e.g., for toilet paper rolls. Thus, they may
achieve customer satisfaction. In particular, the criteria of
having a ratio of at least 6% of glued embossed areas and
having the indicated maximum distance Dbetween adjacent

embossments over at least 80% of the glued embossed areas
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may, 1in particular, promote +the high radial compression

strength.

If the sum of the areas of all glued embossed areas is lower
than 6% of the sum of the areas of all glued areas and of the
areas of all non-glued areas, the glued embossments may have
to be spread out too much for being able to promote a
satisfactory integrity of the products (in the sense of
promoting a satisfactorily high radial compression strength)
without dimpairing the thickness and/or desirably large
caliper and/or sufficiently high softness of the tissue paper
product. Trying to concentrate the embossments sufficiently
to have a sufficiently strong bonding and to sufficiently
promote a large radial compression strength, despite the sum
of the areas of all glued embossed areas being lower than 6%
of the sum of the areas of all glued areas and of the areas
of all non-glued areas, may not be possible due to technical
reasons relating to engravement. The necessary maximum
distances between adjacent embossments may otherwise no

longer be maintained.

Whenever reference is made to the “thickness” of a tissue
paper product 1in this text, reference 1is made to the
thickness as obtained in accordance with European standard EN
12625-3 wusing the Frank Thickness Gauge equipment (Model
16502) or the like. The tissue paper sheet to be measured is
cut into pieces of a minimum length 80 mm in any direction,
and the pieces are conditioned at 23°C, 50 % RH (Relative
Humidity) for at least 2 hours. During measurement a sample
piece is placed between a fixed bottom plate and a pressure
foot. The pressure foot is then lowered at a speed of 2.0
mm/s. The thickness wvalue for the sheet is then read after
the pressure value 1is stabilized. The Essity Internal
diameter of the pressure foot is 35.7 mm. The lower plate
dimension is minimum 20% bigger. The pressure applied is 2.0

kPa during the measurement.
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Whenever reference is made to the radial compression strength
in this document, reference is made to the radial compression
strength measured as follows. A sample coreless roll 1is
inserted into a standard dynamometer with two parallel
plates, a top plate and a bottom plate (which are 1large
enough to sandwich a coreless roll and to apply pressure to
contact surfaces), the plates, e.g., being metallic plates.
The coreless roll is put on the bottom plate, a plastic
mandrel is inserted (e.g., a mandrel with a diameter in range
of 15 mm to 40 mm) in the inside hole of the coreless roll.
The bottom plate and the top plate are then moved towards
each other, usually by moving the upper plate towards a lower
plate that is fixed and not moveable (using a compression
speed of 60 mm/min and, for example, using a dynamometer with
a cell of, e.g., 200 N), and it is measured how much pressure
(in Newton) needs to be exerted onto the coreless roll until
the 1inside of the coreless roll exerts pressure onto the
mandrel. The pressure exerted onto the coreless roll at which
in turn the exertion of pressure by the inside of the
coreless roll onto the mandrel starts, is the radial
compression strength of the coreless roll. A minimum number
of five serial measurements may be required in order to
obtain a statistically significant result/measurement. The
serial measurements need to be performed on separate rolls
(from the same production series), 1in order to obtain
reliable results. The sample rolls need to be pre-
conditioned, and measurements need to be carried out in

accordance with the standard norm IS0187.

According to some embodiments, at least 80% of the tissue
paper product is covered by parts of glued embossed areas in
which the maximum distance between adjacent embossments of
the embossed ply is 2.5 mm or less, optionally 2.0 mm or
less, or 1.5 mm or less. Analogous statements hold with
respect to embodiments of the method in accordance with the

present disclosure.
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According to some embodiments, an embossment density may be
at least 20 embossments/cm2, optionally at least 40
embossments/cm? (or higher minimum numbers such as 45, 50, or
55), over at least 80% of the glued embossed areas. The at
least 80% of the glued embossed areas, where the mentioned
density holds, may coincide with or at least overlap with the
at least 80% of the glued embossed areas, where the above-
mentioned range for the maximum distance between adjacent

embossments is satisfied.

As mentioned already, the adhesive may be concentrated within
the glued embossed areas (for, example, at tips of
embossments) or it can be spread out homogenously over the
entire glued embossed areas (i.e., there may be a coverage of
adhesive over the entire glued embossed areas or at least
over parts of at least some of the glued embossed areas. For
example, at least 90%, optionally 95%, of the adhesive in the
glued embossed areas may be present where tips of embossments

on the embossed ply are located.

According to some embodiments, the embossed ply comprises
first embossments with a first embossment height and at least
one further type of embossments with a height smaller than

the first embossment height.

At least 70%, or 80%, 90%, or 95%, of the adhesive in the
glued embossed areas may be present where tips of the first

embossments are located.

The sum of the areas of all glued embossed areas may be at
least 6% of a total area of the tissue paper product. In
other words, the mentioned 6%-criterion may be fulfilled over
the entire tissue paper product. Alternatively, it may be
fulfilled over only a part of the tissue paper product (e.g.,

over regular pieces of a particular length).

The glued embossed areas may be arranged in a repetitive
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pattern. The repetitive pattern may repeat a repeating unit
in a direction of a length extension of the tissue paper
product along the roll. This may be associated with the fact
that embossing rolls may impart a periodicity to the plies

which they emboss.

A sample wunit of the tissue paper product will now be
referred to as a section with a minimum length in the
direction of the length extension that comprises one
repeating unit. Specifically, the sum of the areas of all
glued embossed areas may be at least 6% of the sum of the
areas of all glued areas and of all non-glued areas in the
sample unit. In other words, the presence of the 6%-criterion
may be verified using a sample unit of the tissue paper

product in accordance with the mentioned definition.

The glued embossed areas may constitute at least 90%,
optionally at least 95% or at least 98% of all glued areas.
In other words, the amount of glued areas, which are not
glued embossed areas (i.e., areas with adhesive but without
embossments) may be limited (to an increasing degree).
According to some embodiments, all of the glued areas may be

glued embossed areas.

At least 75%, optionally at least 80%, at least 85%, or at
least 90%, or at least 95% of the embossments of the embossed
ply may be provided in the glued embossed areas. In other
words, the amount of embossments provided outside of the
glued embossed areas may be limited to an increasing degree.
However, there is space for embossments outside of the glued
embossed areas. For example, embossed logos may be provided,
which are not provided with any adhesive. Thus, logos may
constitute embossed areas but not glued embossed areas.

Alternatively, glued embossed logos may be provided.

According to some of the embodiments, at least 80%,

optionally at least 90% or at least 95%, of the glued
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embossed areas comprise at least 25, optionally at least 30
embossments. The embossments may also be referred to as dots.
In other words, the majority of the glued embossed areas may
comprise a minimum number of embossment dots of 20, or,
according to other embodiments, 40 dots (or higher minimum

numbers such as 45, 50, or 55).

At least a part of an innermost circumvolution, optionally
the entire innermost circumvolution, of the tissue paper
product of the coreless roll at the second end may comprise a
stabilizing coating composition. This may aid in promoting

good radial and/or axial stability of the coreless roll.

The coating composition may comprise at least one of the
following list: a polymer including oxygen and/or nitrogen
atoms, a non-ionic polymer such as a non-ionic cellulose

ether, polyether polyol.

The coating composition may comprise water.

When the coating composition comprises a nonionic polymer,
the ionic demand may be in a range of from -1000 to +100

peqg/g, or -500 to +50 peg/g, or -50 to 0 peq/g.

The coating composition may be applied to only one side of
the innermost turn. This one side may be side oriented

towards the axially extending inner hole.

According to some embodiments, a maximum distance Dbetween
adjacent embossments of the embossed ply may be 2.5 mm or
less, optionally 2.0 mm or less, or 1.5 mm or less over at
least 80% of a sum of all surfaces of a repetitive unit of
the tissue paper product, where the glued embossed areas are

located.

According to some embodiments, a maximum distance between

adjacent embossments of the embossed ply may be 2.5 mm or
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less, optionally 2.0 mm or less, or 1.5 mm or less over at
least 80% of a sum of all surfaces of the tissue paper

product, where the glued embossed areas are located.

Some embodiments of the coreless roll comprise a tissue paper
product comprising exactly two plies. The two plies will in
the following be referred to as a first ply and a second ply.
The density of the coreless roll is in a range of 110 to 150
kg/m*. The sum of the areas of all glued embossed areas is at
least 6%, optionally at least 7% or at least 8% or at least
9%, of the sum of the areas of all glued areas and of all

non-glued areas.

The tissue paper product comprises two plies. In fact, a
total number of plies of the tissue paper product is two. Put
differently, the tissue paper product consists of two plies.
However, the latter statement does not imply that the tissue
paper product cannot comprise other constituents (other than
plies), such as adhesive, additives, etc. It means only that
the number of plies is two. At least one of the two plies is

an embossed ply. However, both plies may be embossed plies.

The coreless rolls with a tissue paper product made of two
plies described above may have a particularly high radial
compression strength. Specifically, the radial compression
strength of such rolls may be 20 N or more, or even 25N or
more, or even 30N. These are robust and meet the

requirements, e.g., for toilet paper rolls.

According to some embodiments, the first ply is embossed and

the second ply is embossed.
According to some embodiments, a caliper of the tissue paper
product is at least 0.35 mm, optionally at least 0.40 mm or

at least 0.45 mm.

A grammage of the tissue paper product comprising exactly two
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plies may be in a range of 24 g/m2 to 50 g/mz, optionally in
a range of 30 g/m2 to 45 g/m2.

The high radial compression strength of the products may be
increasingly promoted by the increasingly narrower ranges of

grammage specified for the two-ply tissue paper product.

Whenever reference is made to the “grammage” (or “basis
weight”) in this text, reference is made to the basis weight
(grammage) as determined by a test method following the
principles set forth in standard EN ISO 12625-6:2016 for
determining the Dbasis weight. Test pieces of 50 cm?  are
punched from the sample sheet. Test pieces are chosen
randomly from the entire sample and should be free of folds,
wrinkles and any other deviating distortions. The pieces are
conditioned at 23°C, 50 % RH (Relative Humidity) for at least
2 hours. A pile of 20 pieces 1is weighed on a calibrated
balance. The basis weight (grammage) is the weighed mass
divided by the total area 1000 cm? (20x50cm?) and recorded as

mean value with standard deviations.

The first ply may comprise first embossments with a first
height (hl), the first height (hl) being in a range of 0.2 mm
to 2.0 mm. The adhesive, such as lamination glue, may be

applied to tips of the first embossments of the first ply.

The second ply may comprise second embossments with a second
height (h2), the second height (h2) being in a range of 0.2

mm to 2.0 mm.

The first ply may comprise third embossments with a third
height (h3) smaller than the first height hl (h1>h3). 1In
other words, adhesive may be applied to tips of the higher

embossments (i.e., those with a larger embossing height).

The third embossments (if present) may have been formed by

the same embossing roll as the first embossments or,
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alternatively, by a different embossing roll.

The second ply may comprise fourth embossments with a fourth
height (h4) smaller than the second height h2 (h2>h4). In
other words, adhesive may be applied to tips of the higher

embossments (i.e., those with a larger embossing height).

The fourth embossments (if present) may have been formed by
the same embossing roll as the second embossments or,

alternatively, by a different embossing roll.

Some embodiments of the coreless roll in accordance with the
present disclosure comprise a tissue paper product including
exactly three plies. The at least one embossed ply is one of
the outermost plies. The density of the coreless roll is in a
range of 130 to 160 kg/m®. The sum of the areas of all glued
embossed areas is at least 6%, optionally at least 7%, or at
least 8% of the sum of the areas of all glued areas and of

all non-glued areas.

The tissue paper product comprises three plies. In fact, a
total number of plies of the tissue paper product is three.
Put differently, the tissue paper product consists of three
plies. However, the latter statement does not imply that the
tissue paper product cannot comprise other constituents
(other than plies), such as adhesive, additives, etc. It
means only that the number of plies is three. At least one of
the three plies is an embossed ply. One of the three, two of

the three, or all three plies may be embossed plies.

The coreless rolls with a tissue paper product made of three
plies described above may have a particularly high radial
compression strength. Specifically, the radial compression
strength of such rolls may be 20 N or more, or even 25N or
more, or even 30N. These are robust and meet the
requirements, e.g., for toilet paper rolls. This property may

be increasingly promoted by the increasingly narrower ranges
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of grammage specified for the three-ply tissue paper product.

A caliper of the tissue paper product may be at least 0.40

mm, optionally at least 0.45 mm or at least 0.50 mm.

A grammage of the tissue paper product may be in a range of
from 34 g/m? to 65 g/m2, optionally 40 g/m2 to 63 g/m2, or 45
g/m2 to 60 g/m2.

The three plies will in the following be referred to as a
first ply, a second ply, and a third ply. The third ply is
positioned between the first ply and the second ply.

The first ply may comprise first embossments with a first
height (hl), the first height (hl) being in a range of 0.2 mm
to 2.0 mm. The adhesive, such as lamination glue, may be

applied to tips of the first embossments of the first ply.

The second ply may comprise second embossments with a second
height (h2), the second height (h2) being in a range of 0.2

mm to 2.0 mm.

The first ply may comprise third embossments with a third
height (h3) smaller than the first height hl (h1>h3).

The second ply may comprise fourth embossments with a fourth
height (h4) smaller than the second height h2 (h2>h4).

According to some embodiments, the third ply is unembossed.
Sometimes, the third ply (the middle ply) may be referred to
as an unembossed ply. With “unembossed”, it is meant that the
third ply is not pre-embossed prior to the final ply-bonding
being carried out. That is, the third ply may no longer be
flat after the ply-bonding, but has not Dbeforehand been

embossed using an embossing roll.

According to some embodiments, the first ply and the third
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ply have been embossed together to form the first embossments
on the first ply and the third ply.

According to some embodiments, the third embossments have
been formed only on the first ply but not on the third ply.
According to other embodiments, the first ply and the third
ply have been embossed together to form the third embossments

on the first ply and the third ply.

The third ply (i.e., the middle ply) may comprise fifth
embossments with a fifth height (h5), the fifth height (h5)
being in a range of 0.2 mm to 2.0 mm. The third ply may have
been embossed separately from the first ply and the second

ply.

Some embodiments of the coreless roll in accordance with the
present disclosure comprise a tissue paper product including
exactly four plies. The density of the coreless roll is in a
range of 130 to 160 kg/m®. The sum of the areas of all glued
embossed areas 1is at least 6%, optionally at least 7%, or at
least 8% of the sum of the areas of all glued areas and of

all non-glued areas.

The tissue paper product comprises four plies. In fact, a
total number of plies of the tissue paper product is four.
Put differently, the tissue paper product consists of four
plies. However, the latter statement does not imply that the
tissue ©paper product cannot comprise other constituents
(other than plies), such as adhesive, additives, etc. It
means only that the number of plies is four. At least one of
the four plies is an embossed ply. One of the four may be an
embossed ply, or two of the four, three of the four, or all

four plies may be embossed plies.

The coreless rolls with a tissue paper product made of four
plies described above may have a particularly high radial

compression strength. Specifically, the radial compression
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strength of such rolls may be 20 N or more, or even 25N or
more, or even 30N. These are robust and meet the
requirements, e.g., for toilet paper rolls. This property may
be increasingly promoted by the increasingly narrower ranges

of grammage specified for the three-ply tissue paper product.

A caliper of the tissue paper product with four plies may be

at least 0.50 mm, optionally at least 0.55 mm.

The four plies may be referred to as a first ply, a second
ply, a third ply, and a fourth ply. The first ply and the
second ply are the outermost plies of the tissue paper
product. The third ply and the fourth ply are, hence, located
between the first ply and the second ply.

The first ply may comprise first embossments with a first
height (hl), the first height (hl) being in a range of 0.2 mm
to 2.0 mm. The adhesive, such as lamination glue, may be

applied to tips of the first embossments of the first ply.
The second ply may comprise second embossments with a second
height (h2), the second height (h2) being in a range of 0.2

mm to 2.0 mm.

The first ply may comprise third embossments with a third
height (h3) smaller than the first height hl (h1>h3).

The second ply may comprise fourth embossments with a fourth
height (h4) smaller than the first height h2 (h2>h4).

The first ply and the third ply may have been embossed
together to form the first embossments on the first ply and
the third ply.

According to some embodiments, the fourth ply is unembossed.

According to some embodiments, the fourth ply may have been
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embossed separately from the first ply, the second ply, and
the third ply.

According to some embodiments, the third embossments are
formed only on the first ply but not on the third ply.
According to other embodiments, the first ply and the third
ply have been embossed together to form the third embossments

on the first ply and the third ply.

According to some embodiments, the first ply, the third ply,
and the fourth ply have been embossed together to form the
first embossments on the first ply, the third ply, and the
fourth ply.

According to some embodiments, the first ply, the third ply,
and the fourth ply have been embossed together to form the
third embossments on the first ply, the third ply, and the
fourth ply.

According to some embodiments, the first ply, the third ply,
and the fourth ply have been embossed to form third
embossments on the first ply and the third ply, but not on
the fourth ply.

According to some embodiments, the third embossments have
been formed on the first ply, but not on the third ply and
the fourth ply.

According to some embodiments, the third ply and the fourth
ply have been embossed together separately from the first ply
and the second ply. According to other embodiments, one of
the third ply and the fourth ply has been separately embossed
from the first ply and the second ply, and the other one of
the third ply and the fourth ply is unembossed. According to
vet other embodiments, the third ply and the fourth ply are

unembossed.
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According to some embodiments, the first ply and the third
ply have been embossed together to form the first embossments
on the first ply and the third ply. In addition thereto or as
an alternative thereto, the fourth ply and the second ply
have been embossed together to form the second embossments on

the fourth ply and the second ply.

According to some embodiments, the first ply and the third
ply have been embossed together to form the third embossments
on the first ply and the third ply. According to other
embodiments, the third embossments have been formed only on
the first ply but not on the third ply.

Another aspect of the above-mentioned object is achieved by a
coreless roll of a tissue paper product, such as toilet
paper, with five or six plies, in accordance with the present
disclosure. The density of the coreless roll is in a range of
150 to 160 kg/m®. The sum of the areas of all glued areas 1is
at least 6%, optionally at least 7%, or at least 8% of the
sum of the areas of all glued areas and of all non-glued

areas.

The tissue paper product comprises five or six plies of
Conventional Wet Press paper (CWP). In fact, a total number
of plies of the tissue paper product is five or six. Put
differently, the tissue paper product consists of five or six
plies. However, the latter statement does not imply that the
tissue paper product cannot comprise other constituents
(other than plies), such as adhesive, additives, etc. It
means only that the number of plies is five or six. At least
one of the five or six plies is an embossed ply. One, two,
three, four, or five (or six, if applicable) of the five or

six plies may be embossed plies.

The coreless rolls with a tissue paper product made of five
or six plies described above may have a particularly high

radial compression strength. Specifically, the radial
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compression strength of such rolls may be 20 N or more, or
even 25N or more, or even 30N. These are robust and meet the
requirements, e.g., for toilet paper rolls. This property may
be increasingly promoted by the increasingly narrower ranges
of grammage specified for the five- or six-ply tissue paper

product.

A caliper of the tissue paper product may be at least 0.60

mm, optionally at least 0.65 mm.

At least one of the outermost plies of the tissue paper
product may comprises first embossments with a first height
(hl), the first height (hl) being in a range of 0.2 mm to 2.0
mm. An adhesive, such as lamination glue, may be applied to
tips of the first embossments of the first ply. The other one
of the outermost plies of the tissue paper product may
comprise second embossments with a second height (h2), the

second height (h2) being in a range of 0.2 mm to 2.0 mm.

Another aspect of this disclosure relates to a method of
manufacturing a coreless roll of a tissue paper product, such
as toilet paper or household towel, that comprises at least

two plies. The method comprises the steps of:

- feeding at least two plies and embossing at least
one of the at least two plies to form an embossed ply,
wherein all of the fed plies are made of Conventional
Wet Press (CWP) paper;

- ply-bonding the at least two plies using an
adhesive, such as a lamination glue, forming glued
areas and leaving non-glued areas between the glued
areas, wherein at least some of the glued areas are
glued embossed areas comprising embossments of the
embossed ply, such that a sum of areas of all glued
embossed areas is at least 6% of a sum of the areas of
all glued areas and of areas of all non-glued areas,

to form the tissue paper product;



WO 2022/003383 PCT/1B2020/000589
23

- spirally winding up the tissue paper product on a
mandrel to form a coreless roll and to define an
axially extending inner hole facing the mandrel, with
a first end of the tissue paper product being located
on the outer side of the coreless roll and the second
end being located at the inner hole; and
- withdrawing the mandrel, wherein the coreless roll
comprises an outer diameter in the range of from 95 to
150 mm and a diameter of the inner hole is in the
range of from 20 to 50 mm, and the density of the
coreless roll lies in a range of 110 to 160 kg/m?3;
wherein the steps of embossing and of ply-bonding are
performed such that, over at 1least 80% of the glued
embossed areas, a maximum distance between adjacent
embossments of the embossed ply 1is 2.5 mm or less,

optionally 2.0 mm or less, or 1.5 mm or less.

The coreless rolls manufactured by the method may offer the
same benefits as coreless rolls described above. In other
words, features of the coreless 1rolls of any of the
embodiments described above translate into corresponding
features of an embodiment of the method, and vice versa. For
the sake of conciseness, benefits which may be associated
with particular features of an embodiment of the product will
not be discussed for the corresponding method claims, but
reference 1is instead made on a general basis now to the
respective passage of the description relating to embodiments

of the apparatus.

According to some embodiments, the steps of embossing the at
least one ply and of ply-bonding are performed such that,
over at least 80% of the glued embossed areas, an embossment
density of at least 20 embossments/cmZ, optionally at least

40 embossments/cmZ.

Embodiments of the method comprise the step of providing at

Q

least 90%, optionally 95%, of the adhesive to tips of
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embossments of the embossed ply.

The method may comprise the step of embossing the at least
one ply with first embossments with a first embossment height
and at least one further type of embossments with a height
smaller than the first embossment height, and it may comprise
the step of providing at least 90%, optionally 95%, of the
adhesive of the adhesive to tips of the first embossments of

the embossed ply in the tissue paper product.

According to some embodiments, the ply-bonding is performed
to at least 80%, at least 85%, or at least 90, or at least
95% of all areas of the embossed ply which have been

embossed.

The step of embossing to form the embossed ply may comprise
providing at least 25, optionally at least 30 embossments to
at least 80%, at least 85%, or at least 90, or at least 95%
of all areas to be embossed and ply-bonded.

Any embodiment of the method in accordance with the present
disclosure may comprise a step of coating at least a part of
an innermost circumvolution, optionally the entire innermost
circumvolution, of the tissue paper product of the coreless
roll at the second end with a stabilizing coating
composition. The coating step may be carried out prior to the

step of winding up the tissue paper product on a mandrel.

Some embodiments of the method are for manufacturing a
coreless roll of a tissue paper product comprising exactly
two plies, a first ply and a second ply. The density of the
coreless rolls manufactured by these embodiments are in a
range of 110 to 150 kg/m?®, the sum of the areas of all glued
embossed areas 1is at least 6%, optionally at least 7% or at
least 8% or at least 9%, of the sum of the areas of all glued

areas and of all non-glued areas.
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A caliper of the tissue paper product may be at least 0.35
mm, optionally at least 0.40 mm or at least 0.45 mm. A
grammage of the tissue paper product optionally being in a
range of from 24 g/m2 to 50 g/m2, optionally 30 g/m2 to 45
g/m2.

The tissue paper products manufactured by the method may have
the same benefits as the tissue paper products with two plies
described above. In other words, features of the tissue paper
products of any of the embodiments described above translate
into corresponding features of an embodiment of the method,
and vice versa. For the sake of conciseness, benefits which
may be associated with particular features of an embodiment
of the product will not be discussed for the corresponding
method claims, but reference is instead made on a general
basis now to the respective passage of the description

relating to embodiments of the product.

The method may comprise embossing the first ply and the

second ply, i.e., both plies may be embossed plies.

According to some embodiments, the method comprises the steps
of:

- embossing the first ply with a first embossing roll
with first embossing protrusions to form first
embossments with a first height (hl) in a range of 0.2
mm to 2.0 mm; and

- embossing the second ply with a second embossing roll
with second embossing protrusions to form second
embossments with a second height (h2) in a range of 0.2

mm to 2.0 mm.

According to some embodiments, the first embossing roll also
comprises third embossing protrusions, and the step of
embossing the first ply forms first and third embossments on

the first ply. According to other embodiments, the method
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comprises a step of embossing the first ply with a third
embossing roll with third embossing protrusions to form third
embossments. In other words, a second type of embossments may
be formed on the first ply either with one and the same
embossment roll as used for the first embossments, or they

may be formed with another embossing roll.

Analogous statements hold for yet further types of
embossments (different types referring to embossments with

different shapes and/or different embossment heights, etc.).

The height of the third embossments h3 may be smaller than
the height of the first embossments hl (hl1>h3).

Adhesive, such as lamination glue, may be applied primarily
(e.g., to a degree of 85%, 90%, or 95) or exclusively (in the
sense of only) to tips of the first embossments of the first
ply (in as far as the application of adhesive to the first

ply is concerned).

According to some embodiments, the second embossing roll also
comprises fourth embossing protrusions, and the step of
embossing the second ply forms second and fourth embossments
on the third ply. According to other embodiments, the method
comprises a step of embossing the second ply with a fourth
embossing roll with fourth embossing protrusions to form
fourth embossments. In other words, a second type of
embossments may be formed on the second ply either with one
and the same embossment roll as used for the second
embossments, or they may be formed with another embossing
roll.

Analogous statements hold for yvet further types of
embossments (different types referring to embossments with

different shapes and/or different embossment heights, etc.).

The height of the fourth embossments h4 may be smaller than
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the height of the second embossments h2 (h2>h4).

Adhesive, such as lamination glue, may be applied primarily
(e.g., to a degree of 85%, 90%, or 95) or exclusively (in the
sense of only) to tips of the second embossments of the
second ply (in as far as the application of adhesive to the

second ply i1s concerned).

Another aspect of this disclosure relates to a method of
manufacturing a coreless roll of a tissue paper product, such
as toilet paper, the tissue paper product being made of three
plies. The (at least one) embossed ply is an outermost ply.
The density of the coreless rolls in accordance with these
embodiments lie in a range of 130 to 160 kg/m®. The sum of
the areas of all glued embossed areas 1s at least 6%,
optionally at least 7%, or at least 8% of the sum of the

areas of all glued areas and of all non-glued areas.

The tissue paper products manufactured by the method may have
analogous benefits as the tissue paper products with three
plies described above. In other words, features of the tissue
paper products of any of the embodiments described above
translate into corresponding features of an embodiment of the
method, and vice versa. For the sake of conciseness, benefits
which may be associated with particular features of an
embodiment of the product will not be discussed for the
corresponding method claims, but reference is instead made on
a general Dbasis now to the respective passage of the

description relating to embodiments of the product.

The caliper of the manufactured tissue paper product may be

at least 0.40 mm, or at least 0.45 mm, or at least 0.50 mm.

The grammage of the tissue paper product may be in a range of
from 34 g/m? to 65 g/m?, optionally 40 g/m?2 to 63 g/m2, or 45
g/m? to 60 g/m2.
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According to some embodiments, the method comprises the steps
of:

- embossing the first ply with a first embossing roll
with first embossing protrusions to form first
embossments with a first height (hl) in a range of 0.2
mm to 2.0 mm; and

- embossing the second ply with a second embossing roll
with second embossing protrusions to form second
embossments with a second height (h2) in a range of 0.2
mm to 2.0 mm;

- wherein the first, second, and third plies are ply-
bonded such that the third ply is located between the
first ply and the second ply.

According to some embodiments, the first embossing roll also
comprises third embossing protrusions, and the step of
embossing the first ply forms first and third embossments on
the third ply. According to other embodiments, the method
comprises a step of embossing the first ply with a third
embossing roll with third embossing protrusions to form third
embossments. In other words, a second type of embossments may
be formed on the first ply either with one and the same
embossment roll as used for the first embossments, or they
may be formed with another embossing roll. Analogous
statements hold for vyet further types of embossments
(different types referring to embossments with different

shapes and/or different embossment heights, etc.).

According to some embodiments, the second embossing roll also
comprises fourth embossing protrusions, and the step of
embossing the second ply forms second and fourth embossments
on the second ply. According to other embodiments, the method
comprises a step of embossing the second ply with a fourth
embossing roll with fourth embossing protrusions to form
fourth embossments. In other words, a second type of

embossments may be formed on the second ply either with one
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and the same embossment roll as used for the second
embossments, or they may be formed with another embossing
roll. Analogous statements hold for yet further types of
embossments (different types referring to embossments with

different shapes and/or different embossment heights, etc.).

The adhesive, such as lamination glue, may be applied, e.g.,
to parts of the third ply to be bonded to tips of the first
embossment of the first ply. Alternatively or in addition
thereto, adhesive may be applied, e.g., to tips of the first
embossments, and/or second embossments, and/or third

embossments, and/or fourth embossments.

According to some embodiments, the method not comprising a
step of embossing the third ply. In other words, the third
ply may not be pre-embossed prior to the final ply-bonding.
In this sense, the third ply may, in the case of these

embodiments, also be referred to, e.g., as a flat middle ply.

Embodiments of the method may comprise the step of embossing
the first ply and the third ply together to form the first
embossments on the first ply and the third ply.

According to some embodiments, the third embossments are
formed only on the first ply but not on the third ply.
According to other embodiments, the first ply and the third
ply are embossed together to form the third embossments on
the first ply and the third ply.

The method may comprise the step of embossing the third ply
to form fifth embossments with a fifth height (h5), the fifth
height (h5) being in a range of 0.2 mm to 2.0 mm, wherein the
third ply has been embossed separately from the first ply and
the second ply.

Some embodiments of the method manufacture a coreless roll of

a tissue paper product comprising exactly four plies, wherein
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the density of the coreless roll is in a range of 130 to 160
kg/m?*, and the sum of the areas of all glued embossed areas
is at least 6%, optionally at least 7%, or at least 8% of the
sum of the areas of all glued areas and of all non-glued

areas.

The tissue paper products manufactured by the method may have
analogous benefits as the tissue paper products with four
plies described above. In other words, features of the tissue
paper products of any of the embodiments described above
translate into corresponding features of an embodiment of the
method, and vice versa. For the sake of conciseness, benefits
which may be associated with particular features of an
embodiment of the product will not be discussed for the
corresponding method claims, but reference is instead made on
a general Dbasis now to the respective passage of the

description relating to embodiments of the product.

A caliper of the tissue paper product comprising exactly four

plies may be at least 0.50 mm, optionally at least 0.55 mm.

In the following, the four plies of the four ply-embodiments
will be referred to as a first ply, a second ply, a third
ply, and a fourth ply, wherein the first ply and the second

ply are outermost plies of the tissue paper product.

Embodiments of the method comprise the steps of:

- embossing the first ply to form first embossments
with a first height (hl), the first height (hl)
being in a range of 0.2 mm to 2.0 mm; and

- embossing the second ply to form second embossments
with a second height (h2), the second height (h2)

being in a range of 0.2 mm to 2.0 mm.

According to some embodiments, the adhesive, such as

lamination glue, may be applied to the third ply and/or
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fourth ply, for example, at parts facing to be bonded to tips
of the first embossments of the first ply and/or tips of the
second embossments of the second ply. In addition or
alternatively thereto, the adhesive may, e.g., applied to
tips of the first embossments of the first ply and/or tips of

the second embossments of the second ply.

The method may comprise embossing the first ply to form third
embossments with a third height (h3) smaller than the first
height (hl) (h1>h3).

The method may comprise embossing the second ply to form
fourth embossments with a fourth height (h4) smaller than the
second height (h2) (h2>h4).

According to some embodiments, the first ply and the third
ply are embossed together to form the first embossments on
the first ply and the third ply.

The method may not comprise a step of embossing the fourth
ply, or the method may comprise a step of embossing the
fourth ply separately from the first ply, the second ply, and
the third ply.

The method may comprise the step of forming the third
embossments only on the first ply but not on the third ply,
or of embossing the first ply and the third ply together to
form the third embossments on the first ply and the third

ply.

Some embodiments comprise the step of embossing the first
ply, the third ply, and the fourth ply together to form the
first embossments on the first ply, the third ply, and the
fourth ply.

According to some embodiments, the first ply, the third ply,
and the fourth ply are embossed together to form the third
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embossments on the first ply, the third ply, and the fourth
ply. According to embodiments, the third embossments are
formed on the first ply and the third ply, but not on the
fourth ply. According to other embodiments, the third
embossments are formed on the first ply, but not on the third

ply and the fourth ply.

According to some embodiments, the third ply and the fourth
ply are embossed together separately from the first ply and
the second ply; or one of the third ply and the fourth ply is
embossed separately from the first ply and the second ply,
and the other one of the third ply and the fourth ply is not
embossed. According to other embossed, neither the third ply
nor the fourth ply is embossed (in the sense of being pre-

embossed before the final ply-bonding is carried out.

According to some embodiments, the first ply and the third
ply are embossed together to form the first embossments on
the first ply and the third ply. The fourth ply and the
second ply may be embossed together to form the second

embossments on the fourth ply and the second ply.

According to some embodiments, the first ply and the third
ply are embossed together to form the third embossments on
the first ply and the third ply, or the third embossments are
formed only on the first ply but not on the third ply.

Some embodiments of the method manufacture a coreless roll of
a tissue paper product comprising exactly five or six plies,
wherein the density of the core less roll is in a range of
150 to 160 kg/m?®, and the sum of the areas of all glued areas
is at least 6%, optionally at least 7%, or at least 8% of the
sum of the areas of all glued areas and of all non-glued

areas.

The tissue paper products manufactured by the method may have

analogous benefits as the tissue paper products with five or
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six plies described above. In other words, features of the
tissue paper products of any of the embodiments described
above translate into corresponding features of an embodiment
of the method, and vice versa. For the sake of conciseness,
benefits which may be associated with particular features of
an embodiment of the product will not be discussed for the
corresponding method claims, but reference is instead made on
a general basis now to the respective passage of the

description relating to embodiments of the product.

A caliper of the tissue paper product may be at least 0.60

mm, optionally at least 0.65 mm.

According to some embodiments, at least one of the outermost
plies of the tissue paper product may be embossed to form
first embossments with a first height (hl), the first height
(hl) being in a range of 0.2 mm to 2.0 mm; and the other one
of the outermost plies of the tissue paper product is
embossed to form second embossments with a second height
(h2), the second height (h2) being in a range of 0.2 mm to

2.0 mm.

According to some embodiments, the adhesive, such as
lamination glue, may be applied to a third ply (e.g., a ply
neighboring the first ply) and/or a fourth ply (e.g., a ply
neighboring the second ply), for example, at parts facing to
be bonded to tips of the first embossments of the first ply
and/or tips of the second embossments of the second ply. In
addition or alternatively thereto, the adhesive may, e.g.,
applied to tips of the first embossments of the first ply

and/or tips of the second embossments of the second ply.
Another aspect of this disclosure relates to a coreless roll
of a tissue paper product manufactured according to any one

of the above-described embodiments.

Moreover, this disclosure relates to a coreless roll of a
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tissue paper product, such as toilet paper or household
towel, made of a spirally wound continuous web of tissue
paper having a first end and a second end, the web of
absorbent material being wound such as to define an axially
extending inner hole centrally positioned relative to the
coreless roll and such that the first end is located on the
outer side of the coreless roll and the second end is located
at the inner hole. The tissue paper product comprises at
least two plies, wherein all of the plies of the tissue paper
product are made of Conventional Wet Press paper (CWP). The
at least two plies include at least a first ply and a second

ply, being the outermost plies of the tissue paper product.

The coreless roll has an outer diameter in the range of from
95 to 150 mm, a diameter of the inner hole being in the range
of from 20 to 50 mm, and the density of the coreless roll
being in a range of 110 to 160 kg/m®. The first ply 1is
embossed with first embossments and the second ply 1is

embossed with second embossments.

The tissue paper product comprising glued areas, where the
plies are ply-bonded to each other using an adhesive, such as
a lamination glue, and non-glued areas between the glued

areas.

At least some of the glued areas are glued embossed areas
that comprise first embossments of the first ply and second

embossments of the second ply.

A sum of areas of all glued embossed areas is at least 6% of
a sum of the areas of all glued areas and of areas of all

non-glued areas.

For the manufacturing of such embodiments, a double
lamination unit may be used. In other words, two adhesive
applying units may be used during the process of

manufacturing such embodiments. For example, adhesive may be
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provided such that it is present both at tips of embossments
of the first ply as well as at tips of embossments of the
second ply (irrespective of whether the adhesive is applied
to the first ply and/or second ply or a ply to be ply-bonded

therewith, respectively).

The coreless rolls with a tissue paper product in accordance
with the present disclosure may have a particularly high
radial compression strength. Specifically, the radial
compression strength of such rolls may be 20 N or more, or
even 25N or more, or even 30N. These are robust and meet the
requirements, e.g., for toilet paper rolls. Thus, they may
achieve customer satisfaction. In particular, the criteria of
having a ratio of at least 6% of glued embossed areas in
conjunction with the presence of embossments on the first ply
and on the second ply in the glued embossed areas may, in

particular, promote the high radial compression strength.

If the sum of the areas of all glued embossed areas is lower
than 6% of the sum of the areas of all glued areas and of the
areas of all non-glued areas, the glued embossments may have
to be spread out too much for being able to promote a
satisfactory integrity of the products (in the sense of
promoting a satisfactorily high radial compression strength)
without dimpairing the thickness and/or desirably large
caliper of the tissue paper product and/or sufficiently high
softness. Trying to concentrate the embossments sufficiently
to have a sufficiently strong bonding and to sufficiently
promote a large radial compression strength, despite the sum
of the areas of all glued embossed areas being lower than 6%
of the sum of the areas of all glued areas and of the areas
of all non-glued areas, may not be possible due to technical
reasons relating to engravement. The necessary maximum
distances between adjacent embossments may otherwise no

longer be maintained.

According to some embodiments, a maximum distance between
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adjacent embossments of the embossed ply is, over at least
80% of the glued embossed areas, 2.5 mm or less, optionally

2.0 mm or less, or 1.5 mm or less.

Additional advantages and features of the present disclosure,
that can be realized on their own or in combination with one
or several features discussed above, insofar as the features
do not contradict each other, will become apparent from the

following description of particular embodiments.

Brief Description of the Drawings

For a better understanding of the present disclosure and to
show how the same may be carried into effect, reference will
now be made, by way of example only, to the accompanying

drawings, in which:

The description is given with reference to the accompanying

drawings, in which:

Fig. 1 is a perspective view of a coreless 1roll 1in

accordance with the present disclosure;

Fig. 2A is a sectional view of embossing protrusions of an
embossing roll used to manufacture a tissue paper
product of a first embodiment of a coreless roll in

accordance with the present disclosure;

Fig. 2B is a top view of the embossing protrusions of Fig.

27;

Fig. 3A is a sectional view along a first intersection
direction of embossing protrusions of an embossing

roll used to manufacture a tissue paper product of
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a second embodiment of a coreless roll in

accordance with the present disclosure;

is a sectional view along a second intersection

direction of the embossing protrusions of Fig. 3A;

is a top view of the embossing protrusions of Figs.

3A and 3B;

is a sectional wview along a first intersection
direction of embossing protrusions of an embossing
roll used to manufacture a tissue paper product of
a third embodiment of a coreless roll in accordance

with the present disclosure;

is a sectional view along a second intersection

direction of the embossing protrusions of Fig. 4A;

is a top view of the embossing protrusions of Figs.

47 and 4B;

is a top view of embossing protrusions of an
embossing roll used to manufacture a tissue paper
product of fourth embodiment of a coreless roll in

accordance with the present disclosure;

is a sectional view of the embossing protrusions of

Fig. 5A;

is a top view of embossing protrusions of an

embossing roll used to manufacture a tissue paper
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product of a fifth embodiment of a coreless roll in

accordance with the present disclosure;

is a sectional view of the embossing protrusions of

Fig. o6A;

is a sectional view of embossing protrusions of an
embossing roll used to manufacture a tissue paper
product of a sixth embodiment of a coreless roll in

accordance with the present disclosure;

is a top view of the embossing protrusions of Fig.

TA;

is a top view of a tissue paper product of an
embodiment of a coreless roll in accordance with

the present disclosure;

is a sectional view of embossing protrusions of an
embossing roll used to manufacture the tissue paper

product of Fig. 8A;

is a top view of a tissue paper product of an
embodiment of a coreless roll in accordance with

the present disclosure;

illustrates a sample unit of the tissue paper

product of Fig. 9A;

shows the surface of a sample unit, which
corresponds to a sum of all glued areas and all

non-glued areas in the sample unit;

is a schematic representation of (a part of) and

embodiment of a manufacturing apparatus for
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manufacturing a coreless roll in accordance with
the present disclosure with a first embodiment of
a method in accordance with the present

disclosure;

Fig. 11 is a schematic representation of (a part of) and
embodiment of a manufacturing apparatus for
manufacturing a coreless roll in accordance with
the present disclosure with a second embodiment of
a method in accordance with the present

disclosure; and

Fig. 12 is a schematic representation of (a part of) and
embodiment of a manufacturing apparatus for
manufacturing a coreless roll in accordance with
the present disclosure with a third embodiment of
a method in accordance with the present

disclosure.

Fig. 1 is a schematic representation of an embodiment of a

coreless roll 1 in accordance with the present disclosure.

The coreless roll 1 of Fig. 1 represents different
embodiments, i.e., embodiments of coreless rolls comprising
different tissue paper products with two, three, four, five,
or six plies. All of the plies of these embodiments are made

of Conventional Wet Press (CWP) paper).

The embodiments of Fig. 1 are toilet paper rolls comprising a
tissue paper product that comprises different sheets 2a, 2b
which can be easily separated along a perforation line 3.
However, other embodiments may not comprise such perforation

lines.
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The coreless roll 1 of Fig. 1 is made of a spirally wound
continuous web of tissue paper product having a first end and
a second end, the web of tissue paper product being wound
such as to define an axially extending inner hole centrally
positioned relative to the coreless roll 1 and such that the
first end is located on the outer side of the coreless roll 1

and the second end is located at the inner hole.

The outer diameter D1 of the coreless roll 1 is in a range of
95 to 150 mm. The diameter D2 of the inner hole of the roll 1
is in a range of 20 to 50 mm. The density of the coreless
roll 1 is in a range of 110 to 160 kg/m3® (narrower ranges for
the respective numbers of plies of the tissue paper products

are indicated above).

The tissue paper product of the embodiments of Fig. 1 is ply-
bonded using an adhesive (a lamination glue). The areas where
the plies are ply-bonded can be referred to as glued areas.
Between glued areas, there are non-glued areas (areas where

the plies are not glued together).

Specifically, at least one of the plies of the tissue paper
product of the coreless roll 1 of Fig. 1 has been embossed
with an embossing roll. The glue for ply-bonding largely
resides 1in regions of the tissue paper products where
embossments are provided on the embossed ply. The areas which
are glued areas and also comprise embossments are in the
following referred to as glued embossed areas. In so far, the
glued embossed areas may also be a subset of the embossed

areas of the ply in question.

The embossments on the embossed ply are even present with a
minimum density over at 1least 80% of the glued embossed
areas, i.e., a maximum distance between adjacent embossments
of the embossed ply is 2.5 mm or less over at least 80% of
the total of the sum of all surface of the glued embossed

areas. Moreover, a sum of areas of all glued embossed areas
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of the tissue paper product is at least 6% of a sum of the

areas of all glued areas and of areas of all non-glued areas.

The radial compression strength of the coreless rolls 1 of
Fig. 1 is at least 30 N or more. However, according to other
embodiments, it is at least 20 N or more or at least 25 N or
more. This provides robustness to a toilet paper roll (e.g.,
to achieve customer satisfaction, but also for packing
purposes, etc.) and is achieved despite the fact the roll 1
is coreless. As the roll is coreless, waste 1s reduced, and
the roll in question may be considered as environment-

friendly.

Figs. 2A to 9C will be used to explain properties of tissue
paper products of embodiments of coreless rolls in accordance
with the present disclosure. In particular, explanations will
be provided on the embossing patterns used for embossing at
least one ply which has embossments in glued embossed areas.
The large radial compression strengths of coreless rolls in
accordance with the present disclosure may Dbe largely
attributed to the presence of glued embossed areas (to the
dense distribution of embossments on these areas Dby
respecting a maximum distance threshold between adjacent
embossments over at least 80% of the total surface of glued
embossed areas) and to their distribution (as a sum of areas
of all glued embossed areas of the tissue paper product is at
least 6% of a sum of the areas of all glued areas and of

areas of all non-glued areas).

Fig. 2A is a sectional view of embossing protrusions 400 of
an embossing roll used to manufacture a tissue paper product
of a first embodiment of a coreless roll in accordance with
the present disclosure. Fig. 2B 1s a top view of the

embossing protrusions 400 of Fig. 2A.
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In the case of the embodiment of Figs. 2A and 2B, a height of
the embossing protrusions Dl may, e.g9., be in a range of 0.1

mm to 2.0 mm.

The top view of Fig. 2B illustrates distances Dbetween
adjacent protrusions D4 in an up-down-direction. The distance
D3 may, e.g., for this embodiment, e.g., be in a range of 1.0
mm to 2.5 mm. The distance between protrusions in an
orthogonal direction D2 may, e.g., 1in the case of this
embodiment be in a range of 1.0 mm to 3.5 mm. Reference sign
420 in Fig. 2B again illustrates embossment tips, while
reference sign 410 denotes a base portion of an embossing
protrusion. The line A-A in Fig. 2B is the section shown in

Fig. 2A.

Fig. 3A is sectional view along a first intersection
direction of embossing protrusions 400 of an embossing roll
used to manufacture a tissue paper product of a second
embodiment in accordance with the present disclosure. Fig. 3B
shows a sectional view along a second intersection direction
of the embossing protrusions of Fig. 3A. Distances between
adjacent protrusions may, in the case of this embodiment, be
in a range of 1.0 mm to 2.5 mm. In the case of the embodiment
of Figs. 3A-3C, a height D4 of the embossing protrusions may,

e.g., be in a range of 0.1 mm to 2.0 mm.

Fig. 3C is a top view of the embossing protrusions of Figs.
3A and 3B. Embossment protrusions 400 are illustrated to
comprise tips 420 as well as base parts 410. The distance
between the tips 420 is what corresponds to the distance

between corresponding protrusions of an embossed ply.
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Fig. 4A is sectional view along a first intersection
direction of embossing protrusions 400 of an embossing roll
used to manufacture a tissue paper product of a third
embodiment in accordance with the present disclosure. Fig. 3B
shows a sectional view along a second intersection direction

of the embossing protrusions of Fig. 3A.

In the case of the embodiment of Figs. 4A-4C, a height D5 of
the embossing protrusions may, e€.g., be in a range of 0.1 mm
to 2.0 mm. Distances between adjacent protrusions may, in the

case of this embodiment, be in a range of 1.0 mm to 2.5 mm.

Fig. 4C is a top view of the embossing protrusions of Figs.
4A and 4B. Embossment protrusions 400 are illustrated to
comprise tips 420 as well as base parts 410. The distance
between the tips 420 1is what corresponds to the distance

between corresponding protrusions of an embossed ply.

Fig. bHA is a top view of embossing protrusions of an
embossing roll used to manufacture a tissue paper product of
a fourth embodiment in accordance with the ©present
disclosure. Fig. 5B is a sectional view of the embossing

protrusions of Fig. 5A.

The embossment tips 420 of the protrusions 400 have a
quadratic shape (as opposed to the circular shape of the
above-described embodiments). The protrusions 400 thus

comprise correspondingly shaped base parts 410.

Distances between adjacent protrusions may, in the case of

this embodiment, be in a range of 1.0 mm to 2.5 mm.

Fig. 5B illustrates a section along the line B-B of Fig. 5A.
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Fig. 6A is a top view of embossing protrusions of an
embossing roll used to manufacture a tissue paper product of
a fifth embodiment in accordance with the present disclosure.
Fig. ©B is a sectional view of the embossing protrusions of

Fig. O0A.

In fact, the embodiment of Fig. 6 comprises first embossing
protrusions 400 with tips 420 and base parts 410, as well as
second embossing protrusions 500 with tips 520 and base parts
510. The tips 420 are circular-shaped while the tips 520 are
extended in a direction. The length D20 of the tips 520 may,
e.g., be in a range of 3.0 mm to 8.0 mm. However, these

values are by no means limiting.

Fig. 6B shows a section along the line C-C in Fig. 6A.

Fig. 7A is a sectional view of embossing protrusions of an
embossing roll used to manufacture a tissue paper product of
a sixth embodiment in accordance with the present disclosure.
Fig. 7B is a top view of the embossing protrusions of Fig.

TA.

In the case of the embodiment of Figs. 7A and 7B, a height D8
of the embossing protrusions may, e€.g9., be in a range of 0.1
mm to 2.0 mm. Maximum distances D10 Dbetween adjacent
protrusions may, in the case of this embodiment, be in a
range of 1.0 mm to 2.5 mm. Other distances D9 Dbetween

protrusions may be higher than the distance D10.

Fig. 8A is a top view of a tissue paper product of a
coreless roll in accordance with the present disclosure. The

embossments are arranged in circular shapes, with a wavy line
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tying adjacent circular regions together. In fact, the
circular regions as well as the connecting wavy line are
embossed glued regions in the <case of this embodiment.
Moreover, logos are embossed (“Zewa” in the case of this
embodiment) . Over 80% of the glued embossed areas, a maximum
distance between adjacent embossments is lower than 2.5 mm.
Over the remaining 20%, there may be some logos, micro-
embossments or decorative patterns which do not comply with
the maximum distance of 2.5 mm (i.e., distances may be

higher).

A sum of areas of all glued embossed areas is in the case of
this embodiment well above of 6% of a sum of the areas of all
glued areas and of areas of all non-glued areas (including
the areas with the logos, which are part of the non-glued

areas in the case of this embodiment).

Fig. 8B is a sectional view of embossing protrusions of an
embossing roll used to manufacture the tissue paper product f

Fig. B8A.

Fig. 9 A illustrates a surface area of a tissue paper product
of a coreless roll in accordance with the present disclosure
and, in particular, how a sample unit is singled out from the

surface area.

Evidently, the glued embossed areas of the tissue paper
product of Fig. 9A are arranged in a repetitive pattern, the
repetitive pattern repeating a repeating unit in a direction
of a length extension of the tissue paper product along the
roll, a sample unit of the tissue paper product being a
section with a minimum length in the direction of the length

extension that comprises one repeating unit.
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The sample unit is shown separately in Fig. 9B, and Fig. 9C
illustrates its total area Al. The sum of the areas of all
glued embossed areas 1is at least 6% of the sum of the areas
of all glued areas and of all non-glued areas in the sample

unit, said latter sum being Al in the case of Fig. 9C.

Fig. 10 1is a schematic representation of (a part of) and
embodiment of a manufacturing apparatus for manufacturing a
coreless roll in accordance with the present disclosure using
a first embodiment of a method in accordance with the present

disclosure.

The Dbox 200 in Fig. 10 schematically represents any
constituents of the manufacturing apparatus that are used
prior to the later stages illustrated in more detail. For
example, the box 200 may involve wunwinding zrolls for

unwinding a first ply 15 and a second ply 25.

According to an embodiment of the method in accordance with
the present disclosure relying on the machinery manufacturing
apparatus of Fig. 10, a first ply 15 and second ply 25 are
supplied to a pre-embossing station 300. The pre-embossing
station 300 comprises rolls 303 and 304 for pre-embossing the
first ply 15 and zrolls 301 and 302 for pre-embossing the
second ply 25.

The first ply 15 is then conveyed towards the main embossing
and ply bonding station. The first ply is, in particular,
embossed between the embossing roll 40 and the counter roll
35. An adhesive supplying unit with a glue chamber 80 1is
provided adjacent to the embossing roll 40. An applicator
roll 105 is used to homogeneously transfer adhesive (dosed by

cavities engraved in an anilox roll positioned between the
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glue chamber 80 and the applicator roll 105) to the first ply
15 prior to the final ply-bonding being carried out.

The second ply 25 is conveyed towards the rolls 50 and 60 and
is embossed between the embossing roll 60 and the counter
roll 50. Ply-bonding of the first ply 15 and the second ply
25 is carried out between the embossing roll 40 and a
marrying roll 70. The ply-bonded tissue paper product 110

comprising (at least two plies) is then conveyed further.

The box 450 represents any components of the manufacturing
apparatus of Fig. 10 used subsequently to the steps described
so far. In particular, the box 450 may comprise a winding
unit for winding up the manufactured tissue paper product
110.

Fig. 11 1is a schematic representation of (a part of) and
embodiment of a manufacturing apparatus for manufacturing a
coreless roll in accordance with the present disclosure using
a second embodiment of a method in accordance with the

present disclosure.

The Dbox 200 in Fig. 11 schematically represents any
constituents of the manufacturing apparatus that are used
prior to the later stages illustrated in more detail. For
example, the box 200 may involve wunwinding rolls for

unwinding a first ply 10 and a second ply 20.

According to an embodiment of the method in accordance with
the present disclosure relying on the apparatus of Fig. 11, a
first ply 10 and a second ply 20 are supplied. The apparatus

of Fig. 11 does not comprise a pre-embossing station.

The first ply 10 is conveyed towards the rolls 35 and 40 and
is embossed between the embossing roll 40 and the counter

roll 35. Also in the case of the embodiment of Fig. 11, an
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adhesive supplying unit with a glue chamber 80 is provided
adjacent to the roll 40. An applicator roll 105 is used to
homogeneously transfer adhesive (dosed by cavities engraved
in an anilox roll positioned between the glue chamber 80 and
the applicator roll 105) to the first ply 10 prior to ply-
bonding being effected.

The second ply 20 is embossed between the embossing roll 60

and the counter roll 50.

Subsequently, ply-bonding of the first ply 15 and the second
ply 25 is carried out between the embossing roll 40 and a
marrying roll 70. The ply-bonded tissue paper product 110 is

then conveyed further.

The box 450 represents any components of the manufacturing
apparatus of Fig. 3 carried out subsequently to what has been
described above. In particular, the box 450 may comprise a
winding unit for winding up the produced tissue paper product
110.

The difference between the apparatus of Fig. 10 and the one
of Fig. 11 is that the former comprises a pre-embossing

station, while the latter does not.

Fig. 12 depicts another embodiment of an apparatus used for
carrying out a method in accordance with the ©present
disclosure for manufacturing a coreless roll including a

tissue paper product comprising (at least) three plies.

Most of what is shown is analogous to what was explained
above with respect to Fig. 10. Reference is thus made to the
corresponding explanations. A difference is that a third ply
120 (represented by a dotted line in Fig. 12) is supplied to
the main embosser. It 1s received and conveyed by another
roll 130 and is then led to the embossing roll 40, where it
is conveyed further together with the first ply 15. The first
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ply 15 and the third ply 120 are then ply-bonded together
with the second ply 25 between the embossing roll 40 and the

marrying roll 70.

The embodiment of a manufacturing apparatus of Fig. 12 1is
used, in particular, to produce coreless rolls with an outer
diameter in the range of 95 to 150 mm, with an inner hole
diameter in the range of 20 to 50 mm, and with a density of

the coreless roll being in a range of 110 to 160 kg/m3.

The tissue paper product manufacture with the apparatus of
Fig. 12 comprises glued areas, where the plies are ply-bonded
to each other using an adhesive, such as a lamination glue,
and non-glued areas between the glued areas. At least some of
the glued areas are glued embossed areas that comprise first
embossments of the first ply and second embossments of the
second ply, and a sum of areas of all glued embossed areas is
at least 6% of a sum of the areas of all glued areas and of
areas of all non-glued areas. Moreover, over at least 80% of
(the total sum of all surfaces of) the glued embossed areas,
a maximum distance between adjacent embossments of the
embossed ply is 2.5 mm or less (on both the first ply as well
as the second ply).

In the following, some experimental results obtained on the
basis of coreless rolls according to an embodiment of the

present disclosure will be discussed.

EXAMPLES OF CORELESS ROLLS MADE OF TWO-PLY TISSUE PRODUCT
Coreless rolls of a tissue paper product with two plies made
of CWP were manufactured with an outer diameter of 128mm. The
two plies were both embossed using a non-heated embossing

roll.

The following table 1 summarizes the number of sheets, the
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roll length, the roll density, the theoretical caliper, the
grammage (the units gsm stands for g/m?), the (sheet) caliper
the radial compression strength (in Newton), and the caliper
ratio of the manufactured coreless 1zrolls. A comparative
example 1is compared to an example in accordance with the

present disclosure.

Roll Roll Th. Grammage 1-sheet Radial Caliper
Example #isheets | length density Caliper (gsm)g caliper | compression rat'i)o
(m) (kg/m3) (mm) (mm) (N)
Comp. 1 360 | 45.00 126 0.27 33.4 0.37 19.9 38%
1 360 45.00 125 0.27 33.1 0.4 31.8 50%
table 1

In the case of the comparative example 1, a sum of areas of
all glued embossed areas was 4.6% of a sum of the areas of
all glued areas and of areas of all non-glued areas (i.e., of
the tissue paper product). Thus, the amount of glued embossed
areas was lower than for examples 1in accordance with the

present disclosure.

In the case of example 1, a sum of areas of all glued
embossed areas was 6.4% of a sum of the areas of all glued
areas and of areas of all non-glued areas (i.e., of the
tissue paper product). Moreover, over at least 80% of the
glued embossed areas, a maximum distance between adjacent

embossments of the embossed ply is 2.5 mm or less.

As can be seen from table 1, example 1 has a significantly
higher radial compression strength (31.8 N) as compared to

reference example 1 (19.9 N).

EXAMPLES OF CORELESS ROLLS MADE OF THREE-PLY TISSUE PRODUCT

Coreless rolls of a tissue paper product with three plies
made of CWP were manufactured with an outer diameter of
128mm.
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The following table 2 summarizes the number of sheets, the
roll length, the roll density, the theoretical caliper, the
grammage (the units gsm stands for g/m?), the (sheet) caliper
the radial compression strength (in Newton), the caliper
ratio, and the bulk ratio. Table 2 compares a comparative

example with an example in accordance with the present

disclosure.
Roll Roll Th. 1-sheet Radial .
X . Grammage R . Caliper
Example #isheets | length | density | Caliper (gsm) caliper | compression ratio
(m) | (kg/m3) | (mm) (mm) (N)
Comp. 2 240 30.00 134 0.40 53.0 0.47 12.9 17%
2 240 30.00 128 0.40 51.8 0.42 21 5%
table 2

In the case of the comparative example 2, a sum of areas of
all glued embossed areas was 4% of a sum of the areas of all
glued areas and of areas of all non-glued areas (i.e., of the
tissue paper product). Thus, the amount of glued embossed
areas was lower than for examples in accordance with the

present disclosure.

In the case of example 2, a sum of areas of all glued
embossed areas was 6.4% of a sum of the areas of all glued
areas and of areas of all non-glued areas (i.e., of the
tissue paper product). Moreover, over at least 80% of the
glued embossed areas, a maximum distance between adjacent

embossments of the embossed ply is 2.5 mm or less.

As can be seen from table 2, example 2 has a significantly
higher radial compression strength (21 N) as compared to

reference example 2 (12.9 N).

It will be apparent to those skilled in the art that various
modifications and variations can be made in the disclosed

devices and systems without departing from the scope of the
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disclosure. Other aspects of the disclosure will be apparent
to those skilled in the art from consideration of the
specification and practice of the features disclosed herein.
It 1is intended that the specification and examples be
considered as exemplary only. Many additional variations and
modifications are possible and are understood to fall within

the framework of the disclosure.
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Claims

1. A coreless roll of a tissue paper product, such as toilet
paper or household towel, made of a spirally wound
continuous web of tissue paper having a first end and a
second end, the web of absorbent material being wound
such as to define an axially extending inner hole
centrally positioned relative to the coreless roll and
such that the first end is located on the outer side of
the coreless roll and the second end is located at the
inner hole,

wherein the tissue paper product comprises at least
two plies, at least one of the plies being an embossed
ply with embossments, and all plies of the tissue paper
product being made of Conventional Wet Press (CWP) paper,

wherein the coreless roll has an outer diameter in
the range of from 95 to 150 mm, a diameter of the inner
hole being in the range of from 20 to 50 mm, and the
density of the coreless roll being in a range of 110 to
160 kg/m3,

the tissue paper product comprising glued areas,
where the plies are ply-bonded to each other using an
adhesive such as a lamination glue, and non—-glued areas
between the glued areas,

wherein at least some of the glued areas are glued
embossed areas that comprise embossments of the embossed
ply,

wherein a sum of areas of all glued embossed areas
is at least 6% of a sum of the areas of all glued areas
and of areas of all non—-glued areas, and

wherein, over at least 80% of the glued embossed
areas, a maximum distance between adjacent embossments of
the embossed ply is 2.5 mm or less, optionally 2.0 mm or

less, or 1.5 mm or less.



54

The coreless roll of a tissue paper product of claim 1,
wherein, over at least 80% of the glued embossed areas,
an embossment density of at least 20 embossments/cmZ,
optionally at least 40 embossments/cmz,

wherein, optionally, at least 90%, optionally 95%,
of the adhesive in the glued embossed areas is present
where tips of embossments on the embossed ply are located,

wherein, optionally, the embossed ply comprises
first embossments with a first embossment height and at
least one further type of embossments with a height
smaller than the first embossment height, and wherein
optionally, at least 70%, or 80%, 90%, or 95%, of the
adhesive in the glued embossed areas 1is present where

tips of the first embossments are located.

The coreless roll of a tissue paper product of claim 1 or
2, wherein the sum of the areas of all glued embossed
areas is at least 6% of a total area of the tissue paper

product.

The coreless roll of a tissue paper product of any one of
the preceding claims, wherein the glued embossed areas
are arranged in a repetitive pattern, the repetitive
pattern repeating a repeating unit in a direction of a
length extension of the tissue paper product along the
roll, a sample unit of the tissue paper product being a
section with a minimum length in the direction of the
length extension that comprises one repeating unit,
wherein the sum of the areas of all glued embossed
areas 1is at least 6% of the sum of the areas of all glued

areas and of all non-glued areas in the sample unit.

The coreless roll of a tissue paper product of any one of
the preceding claims, wherein the glued embossed areas
constitute at least 90%, optionally at least 95% or at
least 98% of all glued areas,

wherein optionally all of the glued areas are glued
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embossed areas.

The coreless roll of a tissue paper product of any one of
the preceding claims, wherein at least 80%, optionally at
least 80%, at least 85%, or at least 90%, or at least 95%
of the embossments of the embossed ply are provided in

the glued embossed areas.

The coreless roll of a tissue paper product of any one of
the preceding claims, wherein at least 80%, optionally at
least 90% or at least 95%, of the glued embossed areas

comprise at least 25, optionally at least 30 embossments.

The coreless roll of a tissue paper product of any one of
the preceding claims, wherein at least a part of an
innermost circumvolution, optionally the entire innermost
circumvolution, of the absorbent material of the coreless
roll at the second end comprises a stabilizing coating

composition.

The coreless roll of a tissue paper product of any one of
the preceding claims,

wherein, over at least 80% of a sum of all surfaces
of a repetitive unit of the tissue paper product, where
the glued embossed areas are located, or of a sum of all
surfaces of the tissue paper product, where the glued
embossed areas are located, a maximum distance between
adjacent embossments of the embossed ply is 2.5 mm or

less, optionally 2.0 mm or less, or 1.5 mm or less.

The coreless roll of a tissue paper product of any one of
the preceding claims,

wherein the tissue paper product comprises exactly
two plies, a first ply and a second ply, wherein
optionally the first ply is embossed and the second ply
is embossed;

the density of the coreless roll lying in a range of
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110 to 150 kg/m?3,

wherein the sum of the areas of all glued embossed
areas is at least 6%, optionally at least 7% or at least
8% or at least 9%, of the sum of the areas of all glued
areas and of all non—glued areas,

a caliper of the tissue paper product optionally
being at least 0.35 mm, optionally at least 0.40 mm or at
least 0.45 mm, and

a grammage of the tissue paper product optionally
being in a range of from 24 g/m? to 50 g/m?, optionally
30 g/m? to 45 g/m2.

The coreless roll of a tissue paper product of claim 10,

wherein the first ply comprises first embossments
with a first height (hl), the first height (hl) being in
a range of 0.2 mm to 2.0 mm,

wherein the adhesive, such as lamination glue, 1is
optionally applied to tips of the first embossments of
the first ply,

wherein the second ply comprises second embossments
with a second height (h2), the second height (h2) being
in a range of 0.2 mm to 2.0 mm,

wherein the first ply optionally comprises third
embossments with a third height (h3) smaller than the
first height (hl) (h1>h3), and

wherein the second ply optionally comprises fourth
embossments with a fourth height (h4) smaller than the
second height (h2) (h2>h4).

The coreless roll of a tissue paper product of any one of
the claims 1 to 9,

wherein the tissue paper product comprises exactly
three plies, the embossed ply being an outermost ply,

the density of the coreless roll lying in a range of
130 to 160 kg/m?3,

wherein the sum of the areas of all glued embossed

areas is at least 6%, optionally at least 7%, or at least
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8% of the sum of the areas of all glued areas and of all
non—-glued areas, and

a caliper of the tissue paper product optionally
being at least 0.40 mm, optionally at least 0.45 mm or at
least 0.50 mm,

a grammage of the tissue paper product optionally
being in a range of from 34 g/m2 to 65 g/m2, optionally
40 g/m?2 to 63 g/m2, or 45 g/m2 to 60 g/m2.

The coreless roll of a tissue paper product of claim 12,
the three plies being a first ply, a second ply, and a
third ply, wherein the third ply is positioned between
the first ply and the second ply,

wherein the first ply comprises first embossments
with a first height (hl), the first height (hl) being in
a range of 0.2 mm to 2.0 mm,

wherein the adhesive, such as lamination glue, 1is
optionally applied to tips of the first embossments of
the first ply,

wherein the second ply comprises second embossments
with a second height (h2), the second height (h2) being
in a range of 0.2 mm to 2.0 mm,

wherein the first ply optionally comprises third
embossments with a third height (h3) smaller than the
first height (hl) (h1>h3), and

wherein the second ply optionally comprises fourth
embossments with a fourth height (h4) smaller than the
second height (h2) (h2>h4).

The coreless roll of a tissue paper product of claim 12,

wherein the third ply is unembossed.

The coreless roll of a tissue paper product of claim 13
or 14, wherein the first ply and the third ply have been
embossed together to form the first embossments on the
first ply and the third ply, and

wherein, optionally, the third embossments have been
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formed only on the first ply but not on the third ply,
or, wherein, optionally, the first ply and the third ply
have been embossed together to form the third embossments

on the first ply and the third ply.

The coreless roll of a tissue paper product of claim 13,
wherein the third ply comprises fifth embossments with a
fifth height (h5), the fifth height (h5) being in a range
of 0.2 mm to 2.0 mm, and wherein the third ply has been

embossed separately from the first ply and the second

ply.

The coreless roll of a tissue paper product of any one of
the claims 1 to 9,

wherein the tissue paper product comprises exactly
four plies,

the density of the coreless roll lying in a range of
130 to 160 kg/m3,

wherein the sum of the areas of all glued embossed
areas is at least 6%, optionally at least 7%, or at least
8% of the sum of the areas of all glued areas and of all
non—-glued areas, and

a caliper of the tissue paper product optionally

being at least 0.50 mm, optionally at least 0.55 mm.

The coreless roll of a tissue paper product of claim 17,
the four plies being a first ply, a second ply, a third
ply, and a fourth ply, wherein the first ply and the
second ply are outermost plies of the tissue paper
product,

wherein the first ply comprises first embossments
with a first height (hl), the first height (hl) being in
a range of 0.2 mm to 2.0 mm,

wherein the adhesive, such as lamination glue, is
optionally applied to tips of the first embossments of
the first ply,

wherein the second ply comprises second embossments
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with a second height (h2), the second height (h2) being
in a range of 0.2 mm to 2.0 mm,

wherein the first ply optionally comprises third
embossments with a third height (h3) smaller than the
first height (hl) (h1>h3), and

wherein the second ply optionally comprises fourth
embossments with a fourth height (h4) smaller than the
second height (h2) (h2>h4).

The coreless roll of a tissue paper product of claim 18,
wherein the first ply and the third ply have been embossed
together to form the first embossments on the first ply
and the third ply,

wherein the fourth ply is unembossed or has been
embossed separately from the first ply, the second ply,
and the third ply, and

wherein the third embossments have optionally been
formed only on the first ply but not on the third ply, or
wherein the first ply and the third ply have been embossed
together to form the third embossments on the first ply
and the third ply.

The coreless roll of a tissue paper product of claim 18,
wherein the first ply, the third ply, and the fourth ply
have been embossed together to form the first embossments
on the first ply, the third ply, and the fourth ply, and

wherein, optionally, the first ply, the third ply,
and the fourth ply have been embossed together to form
the third embossments on the first ply, the third ply,
and the fourth ply, or

wherein, optionally, the third embossments have been
formed on the first ply and the third ply, but not on the
fourth ply, or

wherein, optionally, the third embossments have been
formed on the first ply, but not on the third ply and the
fourth ply.
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The coreless roll of a tissue paper product of claim 18,
wherein the third ply and the fourth ply have been
embossed together separately from the first ply and the
second ply, or

wherein one of the third ply and the fourth ply has
been separately embossed from the first ply and the second
ply, and the other one of the third ply and the fourth
ply is unembossed, or

wherein the third ply and the fourth ply are

unembossed.

The coreless roll of a tissue paper product of claim 18,
wherein the first ply and the third ply have been embossed
together to form the first embossments on the first ply
and the third ply,

wherein the fourth ply and the second ply have been
embossed together to form the second embossments on the
fourth ply and the second ply, and

wherein, optionally, the first ply and the third ply
have been embossed together to form the third embossments
on the first ply and the third ply, or wherein the third
embossments have been formed only on the first ply but

not on the third ply.

The coreless roll of a tissue paper product of any one of
the claims 1 to 9,

wherein the tissue paper product comprises exactly
five or six plies,

the density of the coreless roll lying in a range of
150 to 160 kg/m3,

wherein the sum of the areas of all glued areas is
at least 6%, optionally at least 7%, or at least 8% of
the sum of the areas of all glued areas and of all non-
glued areas, and

a caliper of the tissue paper product optionally

being at least 0.60 mm, optionally at least 0.65 mm.
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The coreless roll of a tissue paper product of claim 23,
wherein at least one of the outermost plies of the tissue
paper product comprises first embossments with a first
height (hl), the first height (hl) being in a range of
0.2 mm to 2.0 mm,

wherein the adhesive, such as lamination glue, is
optionally applied to tips of the first embossments of
the first ply,

wherein the other one of the outermost plies of the
tissue paper product comprises second embossments with a
second height (h2), the second height (h2) being in a

range of 0.2 mm to 2.0 mm.

The coreless roll of a tissue paper product of any one of
the preceding claims, wherein the coreless roll has a
radial compression strength of 20 N or more, optionally

of 25N or more, or of 30N or more.

A method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
comprising at least two plies, the method comprising the
steps of:
— feeding at least two plies and embossing at least one
of the at least two plies to form an embossed ply,
wherein all of the fed plies are made of Conventional
Wet Press (CWP) paper;
- ply-bonding the at least two plies using an adhesive,
such as a lamination glue, forming glued areas and
leaving non-glued areas between the glued areas,
wherein at least some of the glued areas are glued
embossed areas comprising embossments of the embossed
ply, such that a sum of areas of all glued embossed
areas is at least 6% of a sum of the areas of all glued
areas and of areas of all non-glued areas, to form the
tissue paper product;
- spirally winding up the tissue paper product on a

mandrel to form a coreless roll and to define an axially
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extending inner hole facing the mandrel, with a first
end of the tissue paper product being located on the
outer side of the coreless roll and the second end being
located at the inner hole;
- withdrawing the mandrel, wherein the coreless roll
comprises an outer diameter in the range of from 95 to
150 mm and a diameter of the inner hole is in the range
of from 20 to 50 mm, and the density of the coreless
roll lies in a range of 110 to 160 kg/m?3;
wherein the steps of embossing and of ply-bonding are
performed such that, over at 1least 80% of the glued
embossed areas, a maximum distance between adjacent
embossments of the embossed ply is 2.5 mm or less,

optionally 2.0 mm or less, or 1.5 mm or less.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 26,

wherein the steps of embossing the at least one ply
and of ply-bonding are performed such that, over at least
80% of the glued embossed areas, an embossment density of
at least 20 embossments/cmz, optionally at least 40
embossments/cm?,

the method optionally comprising the step of
providing at least 90%, optionally 95%, of the adhesive
to tips of embossments of the embossed ply,

wherein the method optionally comprises

embossing the at least one ply with first embossments
with a first embossment height and at least one further
type of embossments with a height smaller than the first
embossment height, and comprises providing at least 90%,
optionally 95%, of the adhesive of the adhesive to tips
of the first embossments of the embossed ply in the tissue

paper product.

The method of manufacturing a coreless roll of a tissue

paper product, such as toilet paper or household towel,
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of claim 26 or 27,
wherein the ply-bonding is performed to at least 80%,
at least 85%, or at least 90, or at least 95% of all areas

of the embossed ply which have been embossed.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 26 to 28,

wherein the embossing to form the embossed ply comprises
providing at least 25, optionally at least 30 embossments
to at least 80%, at least 85%, or at least 90, or at least
95% of all areas to be embossed and ply-bonded.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 26 to 29,

wherein the method comprises the step of coating at
least a part of an innermost circumvolution, optionally
the entire innermost circumvolution, of the absorbent
material of the coreless roll at the second end with a

stabilizing coating composition.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 26 to 30, wherein the tissue
paper product is manufactured to comprise exactly two
plies, a first ply and a second ply, wherein the method
optionally comprises embossing the first ply and the
second ply,

the density of the coreless roll lying in a range of
110 to 150 kg/m?3,

wherein the sum of the areas of all glued embossed
areas is at least 6%, optionally at least 7% or at least
8% or at least 9%, of the sum of the areas of all glued
areas and of all non—glued areas,

a caliper of the tissue paper product optionally

being at least 0.35 mm, optionally at least 0.40 mm or at
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least 0.45 mm, and

a grammage of the tissue paper product optionally
being in a range of from 24 g/m2 to 50 g/m2, optionally
30 g/m2 to 45 g/m2.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 31, the method comprising the steps of:

— embossing the first ply to form first embossments
with a first height (hl), the first height (hl) being
in a range of 0.2 mm to 2.0 mm;

— optionally applying the adhesive, such as lamination
glue, to tips of the first embossments of the first
ply;

— embossing the second ply to form second embossments
with a second height (h2), the second height (h2)
being in a range of 0.2 mm to 2.0 mm;

- optionally, embossing the first ply to form third
embossments with a third height (h3) smaller than the
first height (hl) (h1>h3); and

— optionally, embossing the second ply to form fourth
embossments with a fourth height (h3) smaller than
the second height (h2) (h2>h4).

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 26 to 30, wherein the tissue
paper product is manufactured to comprise exactly three
plies, the embossed ply being an outermost ply,

the density of the coreless roll lying in a range of
130 to 160 kg/m?3,

wherein the sum of the areas of all glued embossed
areas is at least 6%, optionally at least 7%, or at least
8% of the sum of the areas of all glued areas and of all
non—-glued areas, and

a caliper of the tissue paper product optionally

being at least 0.40 mm, optionally at least 0.45 mm or at
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least 0.50 mm,

a grammage of the tissue paper product optionally
being in a range of from 34 g/m2 to 65 g/m2, optionally
40 g/m?2 to 63 g/m2, or 45 g/m2 to 60 g/m2.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 33, the three plies being a first ply, a second
ply, and a third ply, wherein the third ply is positioned
between the first ply and the second ply, the method
comprising:

- embossing the first ply to form first embossments
with a first height (hl), the first height (hl) being
in a range of 0.2 mm to 2.0 mm;

— optionally applying the adhesive, such as lamination
glue, to tips of the first embossments of the first
ply;

- embossing the second ply to form second embossments
with a second height (h2), the second height (h2)
being in a range of 0.2 mm to 2.0 mm;

— optionally, embossing the first ply to form third
embossments with a third height (h3) smaller than the
first height (hl) (h1>h3); and

- optionally, embossing the second ply to form fourth
embossments with a fourth height (h3) smaller than
the second height (h2) (h2>h4).

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 33 or 34,

the method not comprising a step of embossing the
third ply.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 33 to 35,

the method comprising the steps of:
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— embossing the first ply and the third ply together
to form the first embossments on the first ply and
the third ply; and

- optionally, forming the third embossments only on the
first ply but not on the third ply, or, optionally,
embossing the first ply and the third ply together
to form the third embossments on the first ply and
the third ply.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 33, 34, and 36, the method
further comprising the step of:

— embossing the third ply of form fifth embossments with
a fifth height (h5), the fifth height (h5) being in a
range of 0.2 mm to 2.0 mm, wherein the third ply has been

embossed separately from the first ply and the second

ply.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 26 to 30, wherein the tissue
paper product is manufactured to comprise exactly four
plies,

the density of the coreless roll lying in a range of
130 to 160 kg/m3,

wherein the sum of the areas of all glued embossed
areas is at least 6%, optionally at least 7%, or at least
8% of the sum of the areas of all glued areas and of all
non—-glued areas, and

a caliper of the tissue paper product optionally

being at least 0.50 mm, optionally at least 0.55 mm.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 38, the four plies being a first ply, a second

ply, a third ply, and a fourth ply, wherein the first ply
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and the second ply are outermost plies of the tissue paper
product, the method comprising the steps of:

— embossing the first ply to form first embossments
with a first height (hl), the first height (hl) being
in a range of 0.2 mm to 2.0 mm;

— optionally applying the adhesive, such as lamination
glue, to tips of the first embossments of the first
ply;

— embossing the second ply to form second embossments
with a second height (h2), the second height (h2)

being in a range of 0.2 mm to 2.0 mm;

optionally embossing the first ply to form third
embossments with a third height (h3) smaller than
the first height (hl) (h1>h3); and

optionally embossing the second ply to form fourth

embossments with a fourth height (h4) smaller than
the second height (h2) (h2>h4).

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 39, the method comprising embossing the first
ply and the third ply together to form the first
embossments on the first ply and the third ply,

the method not comprising a step of embossing the
fourth ply, or the method comprising a step of embossing
the fourth ply separately from the first ply, the second
ply, and the third ply, and

the method optionally comprising the step of forming
the third embossments only on the first ply but not on
the third ply, or of embossing the first ply and the third
ply together to form the third embossments on the first
ply and the third ply.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 39, the method comprising the steps of:

— embossing the first ply, the third ply, and the
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fourth ply together to form the first embossments on
the first ply, the third ply, and the fourth ply;

— optionally, embossing the first ply, the third ply,
and the fourth ply together to form the third
embossments on the first ply, the third ply, and the
fourth ply; or

— optionally, forming the third embossments on the
first ply and the third ply, but not on the fourth
ply; or

- optionally, forming the third embossments on the

first ply, but not on the third ply and the fourth
ply.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 39, the method comprising the steps of:
— embossing the third ply and the fourth ply together
separately from the first ply and the second ply; or
— embossing one of the third ply and the fourth ply
separately from the first ply and the second ply, and not
embossing the other one of the third ply and the fourth
ply; or

neither embossing the third ply nor the fourth ply.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 39, the method comprising the steps of:

— embossing the first ply and the third ply together to
form the first embossments on the first ply and the third
ply;

— embossing the fourth ply and the second ply together to
form the second embossments on the fourth ply and the
second ply; and

- optionally, embossing the first ply and the third ply
together to form the third embossments on the first ply
and the third ply, or forming the third embossments only
on the first ply but not on the third ply.
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The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of any one of the claims 26 to 30, wherein the tissue
paper product is manufactured to comprise exactly five or
six plies,

the density of the coreless roll lying in a range of
150 to 160 kg/m3,

wherein the sum of the areas of all glued areas is
at least 6%, optionally at least 7%, or at least 8% of
the sum of the areas of all glued areas and of all non-
glued areas, and

a caliper of the tissue paper product optionally

being at least 0.60 mm, optionally at least 0.65 mm.

The method of manufacturing a coreless roll of a tissue
paper product, such as toilet paper or household towel,
of claim 44, the method comprising the steps of:

— embossing at least one of the outermost plies of the
tissue paper product to form first embossments with a
first height (hl), the first height (hl) being in a range
of 0.2 mm to 2.0 mm;

— optionally applying the adhesive, such as lamination
glue, to tips of the first embossments of the first ply;
— embossing the other one of the outermost plies of the
tissue paper product to form second embossments with a
second height (h2), the second height (h2) being in a

range of 0.2 mm to 2.0 mm.

A coreless roll of a tissue paper product, such as toilet
paper or household towel, made of a spirally wound
continuous web of tissue paper having a first end and a
second end, the web of absorbent material being wound
such as to define an axially extending inner hole
centrally positioned relative to the coreless roll and
such that the first end is located on the outer side of

the coreless roll and the second end is located at the
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inner hole,

wherein the tissue paper product comprises at least
two plies, the at least two plies including at least a
first ply and a second ply, being the outermost plies of
the tissue paper product, wherein all of the plies of the
tissue paper product are made of Conventional Wet Press
(CWP) paper,

wherein the coreless roll has an outer diameter in
the range of from 95 to 150 mm, a diameter of the inner
hole being in the range of from 20 to 50 mm, and the
density of the coreless roll being in a range of 110 to
160 kg/m3,

wherein the first ply 1is embossed with first
embossments and the second ply is embossed with second
embossments,

the tissue paper product comprising glued areas,
where the plies are ply-bonded to each other using an
adhesive, such as a lamination glue, and non-glued areas
between the glued areas,

wherein at least some of the glued areas are glued
embossed areas that comprise first embossments of the
first ply and second embossments of the second ply,

wherein a sum of areas of all glued embossed areas
is at least 6% of a sum of the areas of all glued areas

and of areas of all non-glued areas.

The coreless roll of a tissue paper product of claim 46,

wherein, over at least 80% of the glued embossed
areas, a maximum distance between adjacent embossments of
the embossed ply is 2.5 mm or less, optionally 2.0 mm or

less, or 1.5 mm or less.



