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Web of cellulosic fibers comprising an active agent and method for manufacturing
a web of cellulosic fibers comprising an active agent

Technical field
The present invention relates to a web comprising cellulosic fibers in particular a sheet of
absorbent paper. The invention relates to the application of an active agent such as an

antimicrobial, antibacterial or antifungal agent on a web retained on it by a filming agent.

State of the Art

For some applications, one tries to make tissue paper or generally fiber web, with
antimicrobial properties, especially antibacterial. It aims tissues or wiping products, such
as paper towels, hand towels, handkerchiefs, facial tissues, toilet tissues, napkins, cotton
pads, baby pads...

Some antimicrobial papers exist where a portion of antimicrobial agent is released when
the paper is wetted as it is disclosed by WO2011/0854499. Then, the delivered
antimicrobial agent is able to kill pathogens. This sort of paper is efficient in its field,
however precautions need to be taken concerning the release of chemicals and
particularly nowadays that people are more concerned with problems of allergy,
sensitization, toxicity and pollution.

According to another state of the art, US 2012/0164206, in order to avoid the release of
chemicals, other tissue papers contain a positively charged bacteriostatic composition that
attracts and retains negatively charged bacteria but may not kill them. While these tissue
papers are useful under certain conditions, in some cases, it is really necessary to Kill all
pathogens and to be sure that there will not be any possibility of contamination.

Thus, a clear need exists of a web that can kill the pathogens without releasing the active
agent. There is also a need of a method to apply an active agent onto a web to obtain
such product.

Disclosure of the Invention.

In accordance with the invention, one objective is achieved with a web comprising
cellulosic fibers having two sides and comprising an additive composition present on at
least one side of the web characterized by the fact that the additive composition
comprises at least one filming agent and at least one active agent, the filming agent being
fixed on the web and the active agent being retained on the web by the filming agent, the
active agent being an antimicrobial agent.

More precisely, according to the invention, the active agent is trapped on the web and is
not released outside of the web, the release being measured in accordance with the NF
EN ISO 1104 standard.

According to a preferred embodiment of the invention, the amount of filming agent present
on the final product is between 0.01 weight % and 2 weight %, preferably between 0.01 to
1 weight % and the amount of active agent present on the final product is between 0.005
weight % and 2 weight %, preferably 0.01 weight % to 1 weight %, and most preferably
between 0.02 weight % to 0.05 weight %.
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According to the invention, the filming agent is an agent that has a good affinity with the
fibers of the web, permitting its fixation on them and that undergoes a change of state
from liquid to solid when a sufficient temperature is reached by mechanism of cross-
linking or by solvent evaporation for example. Consequently, the active agent is trapped in
the structure and cannot be released in normal use, while remaining efficient. It is
considered that there is no release when in performing the test method according to the
NF EN ISO 1104 standard, no inhibition around the sample of web is detected with the
naked eye. The absence of release of the active agent is a major advantage of such
products. Indeed, this eliminates the transfer of chemicals and decreases the risk of
allergy, sensitization, toxicity or pollution. Moreover, as they are not biocides, they are not
subject to special regulation.

It has to be noted that the resulting film is a molecular layer on the cellulosic fibers located
on the at least one side of the web. In other words, the thickness of this film is very thin, in
the range of Angstrom unit and is located at the surface of the cellulosic fibers present on
the side of the web.

The filming agent is a polymer or a copolymer or a mixture that permits to retain the active
agent on the web. In particular, it can comprise a non-water soluble polymer or a non-
water soluble copolymer. A list of such polymers and copolymers will be detailed below.

According to a preferred embodiment of the invention, the filming agent comprises from
30 to 100% of non-water soluble polymer, copolymer or mixture thereof and from 0 to 30%
of water-soluble polymer, copolymer or mixture thereof. A list of such water-soluble
polymers and copolymers will be detailed below.

Without to be selective and according to the invention, the active agent can be an
antimicrobial agent, preferably an antibacterial or antifungal agent or any combination
thereof. In the present invention, an antimicrobial agent is an agent that can Kkill
microorganisms such as bacteria (antibacterial) and fungi (antifungal). A list of such
agents will be detailed below.

When the active agent is an antibacterial or an antifungal agent, the efficiency of the final
product is at least about 60% after one hour, preferably at least 80%. The efficiency is
measured according to a method described later in the examples.

It is really interesting to notice that a very good efficiency remains while low quantities of
additive composition and consequently low quantities of active agent are applied. Indeed,
even if the active agent is trapped by the filming agent and used in low quantity, the active
agent still remains very efficient. In the case of an antibacterial or antifungal agent, the
efficiency of the web is higher than 80%. Moreover, a web made according to the
invention was founded to remain efficient on long term. The antibacterial efficiency was
measured on a web made 1.5 years ago and it remained higher than 60%. Thus, it is a
significant advantage to be able to use so little additive composition and however obtain a
web that remains very efficient on short and long term. This efficiency will be more
appreciated with later examples.

The web according to the invention comprises cellulosic fibers. It can be a non-woven web
or an airlaid paper or a wetlaid paper sheet and has a basis weight between 10 and 200
g/m?. Preferably, the web comprises at least 50% of cellulosic fibers, natural or artificial,
the other fibers where appropriate being synthetic.

An airlaid paper sheet is a paper sheet manufactured by a papermaking process using dry
papermaking fibers that are bonded by means of a thermoplastic binder such as latex
(ethylene/vinyl acetate copolymer) or thermally binding fibers, while a wetlaid paper sheet
is a paper sheet manufactured by a papermaking process using papermaking fibers
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suspended in water and the process being either Conventional Wet Process (CWP) or a
Through Air Drying Process (TAD). It can be a sheet of tissue paper with a basis weight
between 10 and 80 g/m2 The web can be a single ply or a multi plies and it can be used
as Away-from-Home products or consumer products, and without to be selective as
handkerchiefs, facial tissue, paper towels, toilet paper, napkins, cotton pads, or as a
component of hygiene products (diapers and feminine hygiene products).

Another objective is achieved with a method of manufacturing a web according to the
invention. In the present invention the method comprises the steps of:

- applying said additive composition onto a web of cellulosic fibers, said additive
composition comprising at least one filming agent and at least one active agent and said
additive composition being in suspension in a solvent, preferably water,

- heating the web at a sufficient temperature to fix said filming agent on the web and
said active agent being retained on the web by said filming agent.

The additive composition is preferably applied while in suspension in solvent, preferably
water.

According to the invention, said additive composition is in suspension in water, the
suspension comprises at least 5% of water, 0.1 weight % to 20 weight % of each filming
agent and 0.15 weight % to 50 weight % of each active agent, the ratio between the
filming agent and the active agent being in the range of 1 to 10.

According to the invention, the additive composition can be applied on a semi finished
web product or at any steps of the manufacture of a web, upstream of said step of
heating.

According to the invention; the temperature of the step of heating has to be sufficient to
provide a change of state of the filming agent from liquid to solid by a mechanism of
cross-linking, preferably, or by solvent evaporation for example. This change of state
permits the trapping of the active agent that thereafter is not released.

According to a preferred embodiment of the invention the range of the temperature is
between 50 °C and 200 °C and preferably 80°C and 120°C.

According to the invention, the web is heated at least on one heating cylinder or by metal
plate or by infrared or by a through air dryer or by micro-wave or by any other pertinent
heating systems. The heating cylinder can be heated by induction, steam, oil. This step of
heating will be explained in more details bellow.

According to a preferred embodiment of the method according to the invention, the web is
a tissue paper sheet and the additive composition is applied directly or indirectly on said
sheet of tissue paper while the sheet is in the papermaking machine, said machine
comprising a Yankee cylinder for drying the sheet wherein the additive composition is
applied:

- directly on the sheet upstream of the Yankee cylinder,

- or/and on the surface of the Yankee cylinder, the additive composition being
transferred then on the sheet while the latter is dried on the surface of the Yankee cylinder

- or/and directly on the sheet of paper adhered on the surface of the Yankee
cylinder

- or/and directly on the sheet of paper downstream of the Yankee cylinder.

The application of the additive composition upstream of the Yankee cylinder or at the level
of the Yankee cylinder has the advantage of combining the steps of drying the web and
heating the web to provide a change of state of the filming agent in order to retain the
active agent on the web.
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In the case of an application of the additive composition downstream of the Yankee
cylinder, an additional step of heating the web is necessary to fix the additive composition
on the web.

According to a preferred embodiment of the invention, the amount of additive composition
is in the range of 0.05 to 3% of dry weight of the product and preferably in the range of 0.1
to 1% of dry weight.

In this embodiment where the tissue paper sheet is adhered on the surface of the Yankee
cylinder with a coating composition, the additive composition is advantageously
incorporated into the coating composition sprayed onto to the Yankee cylinder. The
coating composition comprises adhesive agents that permit the web to adhere to the
cylinder and release agents that allow peeling and creping of the web. This solution
avoids using additional water for the suspension of the additive, the dilution of the additive
composition being the same as the one of the coating composition.

According to another embodiment, the additive composition is also applied on the cylinder
separately from the composition of coating.

According to another embodiment, the additive composition is sprayed onto a cylinder.

Another object of the invention is a product comprising at least one ply made of a web as
described previously.

Brief description of drawings.

A method of the invention is described in detail below with reference to the drawings
wherein like numbers designate similar parts and wherein:

The Fig. 1a is a schematic diagram of a Conventional Wet Process papermachine
suitable for practicing a process of the present invention.

The Fig. 1b is a schematic diagram of a Through Air Drying papermachine suitable
for practicing a process of the present invention.

The Fig. 2 is a schematic diagram of a section of a first papermachine suitable for
practicing a process of the present invention showing an embodiment for applying an
additive composition on a web upstream of a Yankee cylinder.

The Fig. 3 is a schematic diagram of a section of a first papermachine suitable for
practicing a process of the present invention showing an embodiment for applying an
additive composition on a web at a Yankee cylinder.

The Fig. 4 includes Fig. 4a and 4b that are schematic diagrams of a section of a
first papermachine suitable for practicing a process of the present invention showing an
embodiment for applying an additive composition on a Yankee cylinder.

In the Fig. 4a, the additive composition is incorporated to the coating composition.
In the Fig. 4b, the additive composition and the coating composition are applied
separately.

The Fig. 5 is a schematic diagram of a section of a first papermachine suitable for
practicing a process of the present invention showing an embodiment for applying an
additive composition on a web at a Yankee cylinder.

The Fig. 6 is a schematic diagram of a section of a first papermachine suitable for
practicing a process of the present invention showing an embodiment for applying with
two applicators an additive composition on a web at a Yankee cylinder.

The Fig. 7 is a schematic diagram of a section of a first papermachine suitable for
practicing a process of the present invention showing an embodiment for applying an
additive composition on a web downstream of a Yankee cylinder.
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Detailed description of a method of the invention.

Fig. 1a is a schematic diagram of a CWT papermaking machine 10 having a forming
section with conventional twin wire forming section 12 or suction breast roll or crescent
former, a felt run 14, , a creping fabric 18 and a Yankee dryer 20 suitable for practicing the
present invention.

Other options are: intermediate step with a shoe press, Through Air Drying technologies
(conventional with one or two TAD rolls (Fig. 1b), ATMOS technology), Air Laid machine.

Forming section 12 includes a pair of forming fabrics 22, 24 supported by a plurality of
rolls 26, 28, 30, 32, 34, 36 and a forming roll 38. A headbox 40 provides papermaking
furnish issuing therefrom as a jet in the machine direction to a nip 42 between forming roll
38 and roll 26 and the fabrics. The furnish forms a nascent web 44 which is dewatered on
the fabrics with the assistance of vacuum, for example, by way of suction box 46.

The nascent web is advanced to a papermaking felt 48 which is supported by a plurality of
rolls 50, 52, 54, 55 and the felt is in contact with a shoe press roll 56. The web is of low
consistency as it is transferred to the felt. Transfer may be assisted by vacuum; for
example roll 50 may be a vacuum roll if so desired or a pickup or vacuum shoe as is
known in the art. As the web reaches the shoe press roll it may have a consistency of 10-
25 percent, preferably 20 to 25 percent or so as it enters nip 58 between shoe press roll
56 and transfer roll 60. Transfer roll 60 may be a heated roll if so desired. It has been
found that increasing steam pressure to roll 60 helps lengthen the time between required
stripping of excess adhesive from the cylinder of Yankee dryer 20.

Instead of a shoe press roll, roll 56 could be a conventional suction pressure roll. If a shoe
press is employed, it is desirable and preferred that roll 54 is a vacuum roll effective to
remove water from the felt prior to the felt entering the shoe press nip since water from the
furnish will be pressed into the felt in the shoe press nip. In any case, using a vacuum roll
at 54 is typically desirable to ensure the web remains in contact with the felt during the
direction change as one of skill in the art will appreciate from the diagram.

Web 44 is wet-pressed on the felt in nip 58 with the assistance of pressure shoe 62. The
web is thus dewatered at 58, typically by increasing the consistency by 15 or more points
at this stage of the process. The configuration shown at 58 is generally termed a shoe
press; in connection with the present invention, cylinder 60 is operative as a transfer
cylinder which operates to convey web 44 at high speed to the creping fabric.

Cylinder 60 has a smooth surface 64 which may be provided with adhesive, (the same as
the creping adhesive coating used on the Yankee cylinder) and/or release agents if
needed. Web 44 is adhered to transfer surface 64 of cylinder 60 which is rotating at a high
angular velocity as the web continues to advance in the machine-direction indicated by
arrows 66. On the cylinder, web 44 has a generally random apparent distribution of fiber.

Direction 66 is referred to as the machine-direction (MD) of the web as well as that of
papermachine 10; whereas the cross-machine-direction (CD) is the direction in the plane
of the web perpendicular to the MD.

Web 44 enters nip 58 typically at consistencies of 10-25 percent or so and is dewatered
and dried to consistencies of from about 25 to about 70 by the time it is transferred to
creping fabric 18 as shown in the diagram.
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Fabric 18 is supported on a plurality of rolls 68, 70, 72 and a press nip roll 74 and forms a
fabric crepe nip 76 with transfer cylinder 60 as shown.

The creping fabric defines a creping nip over the distance in which creping fabric 18 is
adapted to contact roll 60; that is, applies significant pressure to the web against the
transfer cylinder. To this end, backing (or creping) roll 70 may be provided with a soft
deformable surface which will increase the length of the creping nip and increase the
fabric creping angle between the fabric and the sheet and the point of contact or a shoe
press roll could be used as roll 70 to increase effective contact with the web in high impact
fabric creping nip 76 where web 44 is transferred to fabric 18 and advanced in the
machine-direction.

After fabric creping, the web continues to advance along MD 66 where it is wet-pressed
onto Yankee cylinder 80 in transfer nip 82. Optionally, the web is treated by way of a
suction box 45.

Transfer at nip 82 occurs at a web consistency of generally from about 25 to about 70
percent. At these consistencies, it is difficult to adhere the web to surface 84 of cylinder 80
firmly enough to remove the web from the fabric thoroughly.

The coatings cooperate with a moderately moist web (25-70 percent consistency) to
adhere it to the Yankee sufficiently to allow for high velocity operation of the system and
high jet velocity impingement air drying and subsequent peeling of the web from the
Yankee.

In this connection, an appropriate aqueous coating composition is applied at 86 as
needed. The coating composition may be applied using spray booms.

The web is dried on Yankee cylinder 80 which is a heated cylinder and by high jet velocity
impingement air in Yankee hood 88. Hood 88 is capable of variable temperature. During
operation, temperature may be monitored at wet end A of the Hood and dry end B of the
hood using an infra-red detector or any other suitable means if so desired. As the cylinder
rotates, web 44 is peeled from the cylinder at 89 and wound on a take-up reel 90. Reel 90
may be operated faster than the Yankee cylinder at steady-state. A creping doctor C is
normally used and a cleaning doctor D mounted for intermittent engagement is used to
control build up. When adhesive build-up is being stripped from Yankee cylinder 80 the
web is typically segregated from the product on reel 90, preferably being fed to a broke
chute at 100 for recycle to the production process.

Instead of being peeled from cylinder 80 at 89 during steady-state operation as shown,
the web may be creped from dryer cylinder 80 using a creping doctor such as creping
doctor C, if so desired.

According to the invention, the manufacturing process can also comprises a TAD process
as shown in Fig. 1b, with two TAD rolls 160 and 164 upstream of a Yankee cylinder 80.

According to the invention, an additive composition comprising at least one filming agent
and at least one active agent is applied at any step of the manufacture followed by a step
of heating at a sufficient temperature so that the filming agent retains the active agent on
the web. The additive composition is preferably applied while in suspension in water and
the suspension comprises 0.1 to 20 weight % of each filming agent and 0.15 to 50 weight
% of each active agent. The remaining is at least 5 weight % of water. The ratio between
the filming agent and the active agent is in the range of 1 to 10.
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According to the invention, the filming agent is an agent that undergoes a change of state
when a sufficient temperature is reached, i.e. it goes from liquid to solid by a mechanism
of cross-linking preferably, or solvent evaporation for example. Consequently the active
agent is trapped and retained on the web while remaining efficient.

According to the invention and without to be selective, the filming agent can be selected
from a group of known compounds and usually used for this property. In an embodiment,
the filming agent substantially comprises a non-water soluble polymer or a non-water
soluble copolymer selected from the group consisting of polyacrylate, poly(vinyl)acetate,
copolymer of acrylate and vinylacetate, copolymer of poly(acrylate) and vinylacetate,
poly(vinylalcohol) of very high molecular weight, copolymer of vinyl alcohol and vinyl
acetate, polyamine-amide epychlorhydrin, as well as copolymers which contain the
monomeric elements of the said polymers. Mixtures of the said polymers and copolymers
are also suitable. In a preferred embodiment, the filming agent is a copolymer of acrylate
and vinylacetate or a mixture of poly(acrylate) and poly(vinylacetate).

According to a preferred embodiment of the invention, the filming agent comprises from
30 to 100% of non-water soluble polymer, copolymer or mixture thereof and from 0 to 30%
of water-soluble polymer, copolymer or mixture thereof.

The water-soluble polymer or copolymer is selected in the group consisting of
polyvinylpyrrolidone, copolymer of vinyl pyrrolidone and vinyl acetate, water soluble
cellulose derivative, poly(vinylalcohol) of low and medium molecular weight,
polyethylenimine, or a mixture of said polymers and copolymers.

According to the invention and without to be selective, the active agent can be an
antimicrobial agent, and preferably, an antibacterial, antifungal agent or any combination
thereof.

One skilled in the art will appreciate that the activity of the active agent will depend of the
nature of the agents used. In an embodiment, the active agent is an antimicrobial agent,
preferably an antibacterial or antifungal agent selected from the group consisting of
benzalkonium chloride, dodecyl dimethyl ammonium chloride, cetylpyridinium chloride,
hexadecyl trimethyl ammonium bromide, chlorhexidine, hexamidine, phenoxyethanol,
triclosan, silver salts, zinc salts or a mixture of said active agents, preferably
benzalkonium chloride.

To increase the anti-microorganism spectrum and create a synergy effect a mixture of
said active agents is conceivable.

In a preferred embodiment, the active agent is benzalkonium chloride and it can be
associated with other agents, such as silver nitrate.

In another embodiment, the active agent can be phenoxy-ethanol.

It is appreciated that one skilled in the art can select one of the active agent or make
combination of several said active agents, depending of the expected activity.

The web according to the invention is having a first side and a second side and the
additive composition is applied on one side or both sides of the web. When the additive
composition is applied on only one side of the web, the efficiency is already very high. And
when the additive composition is also present on the second side in addition to the first
side, the web is efficient on both sides. There is no need to select the good side of the
web to have a good efficiency.
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Thus, in the case of an antibacterial or an antifungal agent, if the amount of additive
composition present on the final product is between 0.05 and 3 weight % the efficiency of
the final product is at least about 60% after 1h, preferably at least 80%. A preferred
amount of additive composition present on the final product is in the range of 0.1 to 1% of
dry weight.

According to the embodiment shown in Fig. 1, a non-woven web is obtained comprising
cellulosic fibers, it can be a single ply or a multi-ply. Such web is used in the manufacture
of Away-from-Home products including paper towels, toilet paper, napkins, facial tissue,
wipes dedicated to hotels, restaurants, offices, industry, healthcare... and also in the
manufacture of consumer products such as handkerchiefs, facial tissue, paper towels,
toilet paper, napkins... In these cases, the basis weight of the sheet of paper is between
10 and 80 g/m=.

Others embodiments can be envisaged to obtain non-woven cotton web for example that
can be used as cotton pads for medical or cosmetic use, to remove or applied make up or
clean babies, without to be selective.

Such web can also be used as a component of diapers and feminine hygiene products

According to the invention, the additive composition can be applied during the
papermaking step or during the converting step.

The Figs. 2 to 6 show examples of embodiments, wherein the location of application will
be more understanding.

Fig. 2 shows a possible embodiment wherein the additive composition is applied during
the papermaking step upstream of the Yankee cylinder 80. The additive composition
applicator 1a is located at the creping fabric 18, upstream of the transfer nip 82.

Figs. 3 to 5 show possible embodiments wherein the additive composition is applied
during the papermaking step at the Yankee cylinder 80.

In Fig. 3, the additive composition is applied on the web downstream of the transfer nip 82
and upstream of the Yankee hood 88. The felt of the creping fabric 18 is diverted by
means of rolls to have an access to the web and an additive composition applicator 1b is
located in this diversion. In this embodiment, the coating composition is already applied on
the Yankee cylinder and the web is adhered on the Yankee cylinder when the additive
composition is sprayed.

In Fig. 4, the additive composition is applied on the Yankee cylinder 80 between the
creping blade C and the nip 82. It can be applied incorporated into the coating
composition (Fig.4a) or separately from the coating composition (Fig 4b).

In a preferred embodiment (Fig. 4a), the additive composition is incorporated into the
coating composition and applied using the sprayed booms of the coating composition 1c.
With the training of air and the rotation of the Yankee, the agent is sprayed. The resulting
fog is driven very quickly and the composition is applied to the Yankee cylinder. Then, the
additive composition is transferred from the surface of the Yankee cylinder on the surface
of the web when the web reaches the Yankee cylinder and pressure is applied by means
of cylinder (s), presser (s) on the surface of the Yankee cylinder before go under the hood
88. This composition is so fixed on the web on the softer side that is in contact with the
Yankee cylinder. Retention of the product is obtained in a range of 20 to 100%, at least
40% and preferably 60%.



10

15

20

25

30

35

40

45

50

WO 2015/011512 PCT/IB2013/001714

In the embodiment of the Fig. 4b, two applicators are necessary (1d and 2d), one for the
additive composition and the other one for the coating composition. The order of the
application is not important; the compositions can be applied in an order or the other.
Nevertheless, if the additive composition is applied in second the web is more
impregnated and the composition not need to be too concentrated in active and filming
agents.

Concerning the application of the additive composition associated to the coating
composition (together or separately), because the additive composition can have an
adhesive or a release effect, one skilled in the art will adjust the mix and balance release /
adhesive of the coating composition. Indeed, the coating composition comprises adhesive
agents for the adhesion of the web on the cylinder and/or release agents for the peeling
and the creping, so it can be necessary to adjust the composition of the coating to obtain
the expected result.

In these three previous embodiments, the application of the additive composition is
upstream of the Yankee hood 88. Given that the temperature of the Yankee hood 88 is
sufficient to change the state of the filming agent (i.e. between 50 °C and 200 °C and
preferably 80 °C and 120 °C), it can be advantageously used in the same time to dry the
web and change the state of the filming agent.

It is obviously possible to add a step of heating in addition to the Yankee hood. It is
conceivable to obtain the sufficient temperature by using at least one heating cylinder or a
metal plate or any other methods such as infrared, hot air, micro-wave. The heating
cylinder and the metal plate can be heated by induction, steam, oil... It can also be
conceivable that the heating step is a through air drying step (TAD).

Fig. 5 shows another embodiment wherein the additive composition is applied with the
applicator 1e during the papermaking step on the web which is on the surface of the
Yankee cylinder 80 downstream of the transfer nip 82 and upstream of the Yankee hood
88. Contrary to Fig. 3, the felt of the creping fabric 18 is not diverted by means of rolls. In
this embodiment, the coating composition is already applied on the Yankee cylinder and
the web is adhered on the Yankee cylinder when the additive composition is sprayed.

Fig. 6 shows another embodiment wherein, the additive composition is applied with two
applicators 1f and 2f on a web at a Yankee cylinder during the papermaking step. The first
applicator 1f is at the same location as the one in Fig. 3 and the second applicator is at
the same location as the one in Fig. 5. In this embodiment, the coating composition is
already applied on the Yankee cylinder and the web is adhered on the Yankee cylinder
when the additive composition is sprayed.

Fig. 7 shows another embodiment wherein, the additive composition is applied during the
papermaking step on a dry web downstream of the Yankee cylinder 80.

In this embodiment the additive composition is applied on a dried creped web with the
applicator 1g. The additive composition is in suspension in water, so the web needs to be
dried and especially heated at a sufficient temperature for the filming agent undergoes a
change of state and retains the active agent on the web with the aim to not have its
release, i.e. a temperature between 50 °C and 200 °C and preferably 80 °C and 120 °C.
The drying and the heating can be done in one step called “step of heating” in the
embodiment of the Fig. 7. This temperature can be reached by using at least one heating
cylinder or metal plate or any other methods such as infrared, hot air, Micro-wave

The heating cylinder or the metal plate can be heated by induction, steam, oil.
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In the case of the a TAD process, the additive composition can be applied as previously or
at the TAD roll 160 and 164.

Then the web is wound on a take-up reel 90, to be used later in the converting step.
In the previous examples of embodiments the additive composition is applied by spraying,
but according to the invention it can also be applied by slot nozzle or roll coating.

When the additive composition is applied after the wet-end process on a converting line,
the web or ply can be treated before embossing and associating steps in the converting
process. The final product comprising at least one ply can also be treated in a final step of
the converting process further to the embossing step.

It is obvious that the additive composition can be applied at any locations previously seen
or at any combinations of these locations or it can be applied anywhere in the
papermaking process. One skilled in the art will appreciate that the foregoing description
is by way of example only and is not intended to limit the invention.

One skilled in the art will appreciated that the application step, the heating step or the
method of application can be adapted in accordance with the expected product and the
method used for the manufacture of the web.

Example 1:

Knowing that an adhesive coating is applied by spraying onto the surface of the Yankee,
the flow of the adhesive composition being 620 liters per hour and with 600 liters of water
and 20 liters of coating, an additive composition comprising an antibacterial active agent
was incorporated into the adhesive composition.

The breakdown was as follows:
550 liters of water,

20 liters of coating and

50 liters of additive composition.

Efficiency of the invention can be more appreciated from tests on webs produced
according to the invention.

The webs were obtained from the application of an additive composition sprayed with the
coating composition on the Yankee cylinder. The active agent of the additive composition
is benzalkonium chloride, in a range of 0.5 to 1.5% associated with silver nitrate in a range
of 0.2 to 1.0%; the filming agent in this test is from the family of copolymer of polyacrylate
and polyvinylacetate, in a range of 0.2 to 1.5%. Then, the webs were converting into facial
tissue and handkerchief.

Comparative tests were executed on two types of facial 4-ply tissue made of web
according to the invention (one with four treated plies and one with two inner treated plies)
and other antiviral products (Products 1 to 3 as controls) to show whether or not the
transfer of the active agent occurs. For each product, inhibition tests against one
bacterium: Bacillus subtilis and one fungus: Aspergillus niger were made on both sides of
the product as defined by the NF EN ISO 1104 standard. The detection with the naked
eye of the presence of a zone of inhibition means a migration of the active agent beyond
the sample of web, i.e. the active agent has been released from the web. The absence of
a zone of inhibition means that the active agent has not been released and that it is not
transferred. Results are summarized in the Table 1.
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In the case of the first product, the product with all the three plies, as well as the inner ply
alone are tested. In both cases, i.e. even when there are two outer plies not treated, the
active agent is released from the web, killing the micro-organisms around the sample.

In the case of the second and third products, the release of the active agent is observed
for B. subtilis.

Concerning the facial 4-ply tissue made of web according to the invention, two products
are tested. Both are facial 4-ply tissues. In the first one, all the plies are treated, while in
the second one, only the two inner plies are treated. The quantity of additive composition
present on the tissue is 0.4 weight %. Both products are efficient against B. subtilis and A.
niger and no release of the active agent is observed. Thus, it shows that the two products
are efficient against bacteria and fungi and that it is not necessary with the present
invention to treat all the webs of the products, a product with only two treated plies
remains efficient. This test also shows that the treated sample can be directly in contact
with the culture medium and no transfer of the active agent is observed around it. There is
no need of no-treated outer plies to prevent the release of the active agent. The change of
state of the filming agent with the step of heating is sufficient to achieve this result.

Bacillus subtilis Aspergillus niger
Front Back Front Back

Zone of Zone of Zone of Zone of

inhibition inhibition inhibition inhibition

Product 1 (3-ply) Presence Presence Presence Presence

ProducatI;I)n(len)ner ply Presence Presence Presence Presence

Product 2 (3-ply) Presence Presence Absence Absence

Product 3 (hand Presence Presence Absence Absence

towel)
Facial 4-ply with 4 Absence Absence Absence Absence
treated plies/Invention

Facial 4-ply with 2

inner treated Absence Absence Absence Absence

plies/Invention

Table 1: comparative antibacterial and antifungal tests

The antibacterial efficiency of facial tissue and handkerchief tissue is determined. The
quantity of additive composition present on the tissue is 0.5 weight %.

Two bacteria’s were tested: Staphylococcus aureus (S. aureus) and Escherichia coli (E.
coli). The efficiency tests were made after 1 hour and after 4 hours. Antibacterial tests are
made as defined by the NF EN ISO 20743 standard. The antibacterial efficiency is at least
94%. Results are summarised in Table 2.

Antibacterial Efficiency
Inoculum : 1.76 10° Inoculum 1.96 10°
S. aureus E. coli
Solution | Efficiency | Efficiency | Efficiency | Efficiency
% Weight | after 1H after 4H after 1H after 4H
T&kyy 0.5% Wt | 94% o7% | 97.6% | 99.17%
F;‘_S:;' 0.5%Wt | 96% 98.6% 97% 99.96%

Table 2: antibacterial efficiency
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The efficiency on long term is also confirmed. Antibacterial efficiency tests are made
against S. aureus and E. coli with handkerchief tissue 4-ply.The web according to the
invention was made 1.5 years ago. The quantity of additive composition present on the
tissue product is 0.5 weight %. After 1.5 years, the antibacterial efficiency is still good,
higher than 60%. The results are summarized in Table 3.

Antibacterial Efficiency

Inoculum : 2.2 107 Inoculum 2.2 10’
S. aureus E. coli
: . Efficiency | Efficiency | Efficiency | Efficiency
o)
Solution % Weight | "4 "1H | after 18H | after 1H | after 18H
| Hanky 4-ply 0.5 % Weight 64% 98% 76% 99.9%
Table 3: antibacterial efficiency on long term, after 1.5 years
Example 2:

In this example, antibacterial and antifungal efficiency is determined on a 4-ply
handkerchief tissue made of web according to the invention. The active agent was applied
in the converting step on the final product by a spraying equipment and followed by a
heating step. The active agent of the additive composition is benzalkonium chloride, in a
range of 0.5 to 1.5% associated or not with silver nitrate in a range of 0.2 to 1.0%; the
filming agent in this test is from the family of copolymer of poly(acrylate) and
poly(vinylacetate), in a range of 0.2 to 1.5%.

Results are summarised in Table 4 with benzalkonium chloride alone and in Table 5 with
benzalkonium chloride associated to silver nitrate.

Two bacteria’s were tested, S. aureus and E. coli., and a yeast, causing fungal infections,
Candida albicans (C. albicans). The efficiency tests were made after 1 hour and after 18
hours as defined by the NF EN ISO 20743 standard. The antibacterial efficiency is above
95% and the antifungal efficiency is at least 85%, both for the benzalkonium chloride
alone and the benzalkonium chloride associated to silver nitrate. We can also notice that
the results are in accordance with those of the first example (Table 2) in which the additive
composition was sprayed with the coating composition on the Yankee cylinder and
followed by the converting step.

Antibacterial Efficiency Antifungal Efficiency
Inoculum : 2.50 10’ Inoculum 2.50 10’ Inoculum 2.50 10’
S. aureus E. coli C. albicans
Solution | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency
% Weight | after 1H | after 18H | after 1H | after 18H | after 1H | after 18H
'jf&kyy 05%Wt | 953% | 98.8% | 98.8% | 100% | 852% | 97.4%

Table 4: antibacterial and antifungal efficiency with benzalkonium chloride
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Antibacterial Efficiency

Antifungal Efficiency

Inoculum : 2.50 10’ Inoculum 2.50 10’ Inoculum 2.50 10’
S. aureus E. coli C. albicans
Solution | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency
% Weight | after 1H | after 18H | after 1H | after 18H | after 1H | after 18H
Tg:;y 05%Wt | 956% | 99.1% | 99.6% | 100% | 85% | 98.8%

Table 5: antibacterial and antifungal efficiency with benzalkonium chloride associated to
silver nitrate
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A web comprising cellulosic fiters having two sides and comprising an additive
composition prasent on at least one side of the web characterived by the fact that
the additive composilion comprises at Ieast one filming agent and al least one
active agent, the Biming agent being fixed on the web and the active agent being
retained on the wab by the filming agent, the active agent being an antimicroabial
agent rapped on the web and i3 net released oulsids of the web, the release
heing measured in accordance with the NF EN ISO 1104 standard, wharain the
filming agent substantially comprises a non-water soluble polymer or a nonwwaler
soluble  copolymer selscted from the group comsisting of polyacrylate,
polylvingllacetate, copolymer of acrvlate and  vinylacelste, copolymer  of
polv{acrylale) and vinylacetate, poly(vinytalcohol) of very high molecular waight,
sopoiymer of vinyl aloohol and viny! scelate, polvamins-amide epychiorhydrin, as
well as sopolymers which contain the monemaernic slaments of the said polvmaers
ar & mbxture of sald polymers and copolymers, preferably a copolymer of acnvlate

and vinylacetate or g midure of poly{acrylate) and poly{vinyiacetste),

Aweb according fo daim 1, whersin the filming agent comprisas from 30 o 100%
of non-water soluble polvmer, copolymer or mixture thereo! and from 0 t© 30% of

waler-soluble polymer, copolymer or mixiure thereof,

& weah according (o olaim 3, whersin the waler-soluble polymer or copolymer s
selected from the group consisting of polyvinyipyrrolidone, copolymer of viny
pyrrofidoneg and vinyt acetale, waler soluble celiuloss derivative, polyivinviaioohol)
of low and maedium molecular weight, polysthyleniming, or a mixture of said
polymers and copolymerns,

A web according to any one of dalms 1o &, wherain the antimicrobial agent is an
anfihaclarial or antifungal agent selected from the group consisting  of
benzalkorium chloride, dodecyl dimethyl ammonium chioride,  cetyipyridinium
chioride, hexadsoyl timethyl ammoniom bromide, chdoshexidine, hexamidine,
phenoxyethanol, triclosan, siver salts, zinc salls or a mixture of said active

agers, preferably benzalkonium chioride,
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A web according fo any one of the preceding claims, wherein the amount of
firning agent present on the final product is beltwesn 0.07 weight % and 2 weight

. praferably betweesn 0.07 fo 1 weight % and the amount of active agent present
en the final product is belwesn 0.008 weight % and 2 weight %, praferably 0.01
waight % to 1 weight %, and most preferably between 0.02 weight % to 0.05
waight %,

A web according © any one of the preceding claims, wherein the aniibacierial or
antifungal efficlency of the final product, measured iy accordance with the NF BN

IS0 20743 standard, s at least about 80% after 1h, preferably at least 80%.

A web according to any one of the preceding olaims being & non-woven wab,

alrlaid paper shest or wetlaid paper shast.

A web according o any ong of the preceding claims, wherein said web has s

basts waight betwean 10 and 200 gimn®.

A web according o any one of the preceding claims, wherein the web iz a sheet

of tissue paper with a basis welght between 10 and 80 gim?

A welb according o any ong of the preceding dclaims, whersin the additive
somposition film forming & molecular layer on the celfluiosic fibers located on the

atl least one side of the web.

A method of manufachring 3 web according to any one of claims 1 o 10
comprising the steps of

~ applving said additive composition onto the web of cellulosic fibers, said
addifive composition comprising the at least one fllming agent and the af least
ong active agent and said additive compasition being in suspension in a solvant,
preferably water,

- heating the web al & sufficient temperature 1o fix said filming agent on

the web and sald active agent being retained on the web by said filming agent.

A method according o olaim 11, whevein sald addiive composition is in

suspension in watsr, the suspension comprises at least 5% of water, 0.1 o 20
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welght % of sach flming agent and .15 fo 80 wsight % of each aclive agent, the

i

ratio between the filming agent and the active agent being in the rangs of 1 io 10,

A mathod according fo claim 11 or 13, wherein the temperature of the step of

heating is betwaen 50°C and 308 °C, preferably 80 *C and 120 ¢,

A method according to any one of olalims 11 0 13, whersin the wab is healed at
iwast on one heating cylinder or by metal plate or by infrared or by @ through air

dryer or by micre-wave,

A method of manufacturing according o any one of claims 11 to 14, wherein the
web being & lssus paper sheet and the additive composition being applied
directly or indirectly on said shest of tissue paper while the shset is in the
papermaking machine said machine comprising 8 Yankee ovlinder for drying the
sheel wharain the additive tomposiiion is applisd:

- dirgctly on the sheet upstrean of the Yankee oylinder

- orfand on the swface of the Yankes cylinder, the additive composition
then being transferrad onto the shest while the latler ig dried on the surface of the
Yankese oylinder

orfand directly on the shest of paper adbered on the surface of the

Yankes oylindsr

- orfand directly on the sheel of paper downstream of the Yankse ovlinder.

A method according toany one of claims 11 o 15, wherein the tissue paper sheet
is adhared on the surface of the Yankes cvlinder with a coating composition and
the additive composition is incorporated into the costling composition spraved
onto o the Yankee eylinder or the addilive composition is applied on the oylinder

separataly from the coating composition.

A method according o any one of cleims 11 o 18, wherein the additive

composition & sprayed onto a aylinder,

A method according t© any one of claims 11 10 17, wherein the amount of additive
composition is iy the rangs of 0.05 to 3% of dry weight of the product, preferably

in the range of 0.1 1o 1% of dny weight.
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9 A product comprising at least one ply, whareln said ply s made of the web

according to any one of claims 1o 10
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