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CROSS-LINKING METHOD AND ASSOCIATED BDEVICE

FIELD OF THE INVENTION

The invention relates to a novel method of cross-linking a cross-linkable
adhesive composition by heating, and associated device,

The mvention also relates to a process for the production of a seif~adhesive
article said article comprising at least a subsirate and an adhesive layer. More
specifically, the invention relates to & new process for cross-linking a curable
adhesive composition. It also relates to improved sclf-adhesive articles which can be
obtained by that process.

TECHNQLOGICAL BACKGROUND

Pressure-sensitive adbesives {alse called self-adhesives) or PSAs are
substances that give the support coated thercwith an immediate adhesivity (oflen
called "ack"} at room temperature, which allows its instantaneous adhesion 1o a
substrate nnder the effect of brief slight pressure. PSAs are widely used for the
manufacture of sclf-adhesive labels which are fastened to articles for the purpose of
presenting mformation (such as a barcode, name, price) and/or for decorative, or alse
medical purposes. PSAs are also used for the manufacture of self-adbesive tapes for
various uses. Mention may be made, for example, besides the transparent adhesive
tape widely used in daily life, oft the forming and assembling of cardboard
packaging; the protection of surfaces for painting works, in construction; holding
electrical cables in the transport industry; the bonding of carpets by double-sided
adhesive tapes.

With a view 1o the manufacture of sclf-adhesive labels and/or tapos, PSAs are
often applied by contimuous coating processes to the entire surface of a (where
appropriate printable} support layer of large dimensions, in an amount {generally
cxpressed i g/m®) and denoted hereinbelow by the term "weight per unit avea”. The
supperi layer is constituted of paper or fbm of polymer maierial having one or more
fayers. The adhesive layer that covers the support layer may iiself be covered with a
protective non-stick layer (ofien called a "release liner™), for example composed of a
siliconized film. The multilayor system obtained is gencrally packaged by being
wound up in the form of large reels of up to 2 m in width and 1 m in diameter, which
can be stored and iransported. These films on the reels can also be converted into
self~adhesive tapes by cufting and packing in rolls of determined width and length.
At this stage, the adhesive layer must be sufficiently cured to avoid bleeding
probleras. Bleeding problems corrsspond to the adhesive material flowing away frow
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its original place because it would lack of mechanical resistance o shear. Shear
conditions can be crealed by temperature, roll tension, pressure and mechanical
effects, and bleeding (alse named oozing phenomenon) can appear usually at the
sides of the rolls, creating issues with handling, storage and also contamination by
dust and undesired particles. It is also essential for the manufactured self-adhesive
article that the adhesive layer be sufficiently cured to aveid uansfer of adhesive
material to pieces with which it is contacted, notably the user’s skin. On the other
hand, too strong curing removes any adhesive propertics.

Self-adhesive tapes and labels are generally produced with adhesives that are
reactive or not, in solvent phase. The purpose of the solvents is to facilitate the
mining, dosing, pumping, cte. during the production of these adhesives and their use,
but above all to facilitate their coating in a thin layer, which afler evaporation will
crcate the self-adhesive surface. The Tow dry solids content of these adhesives
ensures an application rheology (viscosity) adapted to roller sizing and drving.
However, the use of solvents is subject o inoreasingly strict regulation, and solvents
are intended to disappear.

More recenily some production lines bave been operated with adhesives in
the agueous phase. In this case, although the problems inherent to solvents are
avoided, the whole problem of drying the coating remains. (Drying must be
progressive for reasons of appearance, water has a high enthalpy of cvaporation
compared with those of the usual solvents, and here again requires heating and
powerful ventilation and extraction. Drying vyust also be total),

In most cases, drying ovens adapted to the production of sclf-adhesive tapes
and labels (in particular high-performance) have an effective length of 10 to 160
meters, are heated by pulsed air (R0°C to 180°C) and are equipped with powerful
exiraction means iu order to complete the drying, and in the case of adhesives in
solvent phase, in order io keep the emitted vapouwrs below their explosion Hmit.
These methods are very energy-intensive, noisy and heavy in term of maintenance.
Indeed, the energy necsssary fo cvaporate water from the coated adhesive
composition iy very high; thus, the process is not satisfying with regards {o energy
demand, therefore it is dissatisfying from an environmental point of view,

Whether organic solvent or water is used as a media to coat adhesive
material, the liquid form hinders to reach very high coating weights. Above 150
g/n¥, even above 70 g/m?, those more or less Hoguid coatings, before a significant part
of evaporation takes place, would be very difficult to stay in place on a moving non-
sticking support, and undertaking the necessary machine steps {o create a fnished

assembly.
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Thus, for high coating weighis, i is necessary to perform the coating in more
than one step, which becomes not only 2 technical hurdle but also is not of any
industrial efficiency.

Recently, solvent-froe reactive tochnologics with 100% dry solids have been
developed, in particular HMPSA (Hot Melt PSA) and UV cure PSA (generally
acrylic PSAs, cross-linkable by UV exposure}, and even more recently STPU-PSA
Hot-Cure, for exarnple a composition which is hot cross-linkable (and in the presence
of moisture). In order to obtain satisfactory properties, such a technology uses a
moisture level adapted to the guantity of adhesive (in general terms stoichiometric),
and a relatively high temperature (50°C to 180°C, proferably between 80°C and
160°C and most ofien between 100 and 140°C) in order io obfain the desived
conversion rate in a defined period of time, compatible with the size of the ovens and
the production line speeds.

Although this kind of adhesive can be usually ceated at high coating weight
due o the fact that they can solidify very rapidly after coating process under cooling
conditions, there are some difficultics to achieve high performances i term of
mechanical and thermal resistance.

Eepecially talking about conventional HMPSA thal are vot intended to be
cross-linked adhesives, there is typically a lack of mechanical and thermal resistance
due to the molecalar weight level of molecules comprised in the adhesive materials,
To take exaruples based on thermal resistance, and with very few exceptions that are
difficult to be considered as industrially viable, hot melt adbesive bonding solutions
can not resist to temperature cxeceding 150°C for more than few minutes. A vast
majority of applications for HMPSA would not be workable after surrounding
terperature reaching more than [00°C. Overall, polymeric malerials involved
become soft, or very soft to posaibly liquid.

Thus the aio of cross-linking is to increase the melecular weight of
molecules, typically polymers, to enhance mechanical and thermal resistance to the
adhesive material, thus to the adhesive bond. Cross-linking can be madc by chermical
reactions, in presence or not of various possible compounds including catalysts, co-
catalyst, water, acidic functions, peroxides, peroxide-activated intermediates, etc.
Temperature, radiations, and pressure conditions can be used to enhance speed or
effect of these reactions.

In particular, the method used for the cross-linking of adhesives, whether
Hot-Melt Pressure-Sensitive Adhesive (HMPSA) or not, is UV curing method.
According to this method which is often used with 100% solid adhesive (no solvent,
no water as media to help the coating process), the adhesive composition is coated
onto a surface and the coated support is submitted to unitraviolet radistion. For
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exanmyple, for radical polymwerization processes, the cross-linking can only be made on
the surfazce upto a thickness of abouwt 100 microms; indeed, the radistion acts
superficially and once the composition is cross-Hnked at the surface, the crosa-linked
surface prevents the penetration of radistions and the cross-Hoking of the infemal
fayer of the composition is not possible.

Thus, for high coating weights, it 18 necessary to perform the cross-linking in
several or many successive sieps. Such a process inchudes & succession of coaling
steps each followed by a UV curing step. Another disadvantage of the UV curing
method with radical polymerization processes is that the cross-linking is stopped as
soon as the composition is no longer exposed to ultraviolet radiation; thus, cross-
linking cannot continue afier the product exits from the end of the production ling,
for example during storage.

Another method for cross-Hinking HMPSA can be the electron-beam method,
This method requires very expensive systems, thus is not economically viable,

Although it may require a controlled moisture level and a high teroperature in
order to ensure that the reaction is rapid, the reactive technology based on thermal
cross-finking contains no solvent and requires only a very low level of extraction
{mainly useful for the satisfactory operation of the regulation system in the oven or
chamber). The fact that & is no longer necessary to dry the coating as in the case of
solvent- or water-based technologies allows the use of mote compact ovens, namely
having an oven or stove-type design and no longer of the dryer type. But the very
tacky nature of the coatings prohibits all contact with surfaces, even those treated
with non-stick materials (Fluorocarbon (Teflon®) or plasma treatment for example).
The systems can be horizontal or verdical, but in all cases must be linear.

In some fields of application of PSAs, it iz desirable that the adhesive strength
of the labels and/or tapes on the article be resistant fo temperature variations. For
example, 1t can be desirable that the adhesive strongth be maintained when the
adbesive joint that provides the fastening is cxposed (and also, therofore, the article
coated with the label andfor tape) at & temperature capable of varying over a wide
range. Meniion may be made, by way of example, of stickers for nse on cerfain
components of motor vehicles {or other vehicles) localed in the vicinity of the
engine, or stickers for use on packaging designed to receive a hot Hauid during the
conditioning thereof, or else stickers for usc on articles (such as tires} which are
labeled when hot, at the end of production lines. Mention may also be made of the
use of self~adhesive tapes for the assembly of parts for which a good thermal
resistancs is necessary such as in the case, for example, of the interior frim of atrerall

or other vehicles.
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Document WO 200%/106699 describes a  heat-cross-linkable adhesive
composition based en a polyurethane comprising two alkoxysilane-type end groups,

Document EP 2 336 208 describes a heat-cross-Hukable adhesive compaosition,
said composition being based on a polyether comprising two hydrolysable
alkoxysilane-type end groups.

The compositions of both decuments result, after couting on a carrier followed
by curing, in a pressure-sensitive adhesive that has advantageous adhesive strongth
and tack properties. Furthermore, the adhesive joint providing the attachment {0 an
article of the self-adhesive support thus obtained retains the requived adhesive
strength over a wide temperature range.

Those documents do not mention the production of a self-adhesive article
whichk can be used right after the exit of the production line. Besides, those
documents do not teach how to obtain a selfadbesive article with a coating weight
higher than 500 g/m?.

The curing time needed to obtain these advantageous adhesion properties is a
particularly tmportant parameter from the point of view of the industrial production
of self-adhesive articles. This is because © determines the dimensions of the
apparatus wherein the adhesive composition is cured, and also the corresponding
residence time of the coated adbesive layer, or clse the energy consumption, and
therefore the productivity of the process as a whole. In order to be applicable at
industrial scales, a process for the manufacture of adbesive articles must present the
following characteristics: short vesidence tine in the apparatus for the curing and
high curing level at the exit of the production line, Especially, it is expected that the
product can be cut and transported right after the exit of the production ling, without
any bleeding problems.

Figure 1 shows a system according to the state of the art based on vacuum-
box suction, allowing the tape to be reversed, with the adhesive-coated side facing
the inside of the loop. Obvicusly, such g system is complex, difficult to control and
high-cost,

There is therefore a need for a thermal cross-linking method which is
cormpact, vet still avoids contact between the adhesive material and the difforent
elements of the device, and has a sivople and robust design.

One objective of the present invention is also to obtain a Pressure-Sensitive

Adhesive with a howmogeneous cross-linking using a oue step coating process,
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SUMMARY OF THE INVENTION

The invention relates to a method for cross-linking a cross-Hnkable adhesive

compasition without solvent on a film, comprising driving and/or guiding said film

in a climatic chamber, by a Carolltype drive or guide.

Particular embodiments are as follows:

the adhesive composition is an HMPSA adhesive composition,
the adhesive composition is an adhesive conposition
comprising: 20 to 85 % of a polyurethane or polyether
comyprising 2 hydrolyzable alkoxysilane type end groups; 15 to
80 % of a compatible tackifying resin; and 8.01 t0 3 % of a
cross-hinking catalyst.

the temperature in the climatic chamber is comprised between
50°C and 200°C, preferably hetween 80°C and 160°C and
advantageously between 100 and 150°C and/or the relative
humidity is comprised between 30 and SO0%RH, preferably
approximately 50%RH,

the film forms paralle] or zigzag corrugations by passing over
multiple tension rollers.

the climatic chamber conprises at the bottom a series of
Caroll-type rollers or wheels and at the top a series of solid
cylinders or another series of Caroll-type rollers or wheels.

the rollers or wheels are mounied mobile on the supporting
shaft.

the rollers or wheels are motorized or free-running.

the film in the Caroll-type drive or guide is ot by a rotary
cutting system with a magnetic cylinder and removable plates.
the rollers or wheels arc associated with backing rolls or
backing whecls.

the roethod comprises a stage of double coating on both sides
of the film,

the method also further comprises a cutting stage for trimming
to size.

the entrance into and exit frora the chamber are sitnated on the
same side, on opposite sides or on adjacent sides.

the film is preheated o a tempersture close to the temperature
of the chamber before the cross-linking,

the film is perforated.
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The invention also relates to a climatic chamber comprising a Caroll-type

drive or guide.

Particular embodiments are as follows:

the temperature in the climatic chamber is comprised between
56°C and 200°C, preferably between 80°C and 160°C and
advantageously between 100 and 150°C and/or the relative
humadity is comprised between 30 and 90%RH, preferably
approximately S0%RH.

the climatic chamber comprises at the botfom a series of
Caroil-type drive rollers or wheels and at the top a series of
solid cylinders or another series of Caroli-type vollers or
wheels.

the rollers or wheels are mounted mobile on the supporting
shatt.

the rollers or whecls arc motorized or free-running.

the chamber comprises a multiplicity of tension rollers.

the chamber is associated with a Caroll-type drive or guide
cutting device comprising a rotfary cutting system with a
magnetic cylinder and removable plates.

the rollers or wheels are associated with the backing rolls or
backing wheels.

the chamber is associated with a cutting device for trimming to

stre.

The mvention is based on the use of a so-called Caroll-type drive (and/or

guide); namely based on using the edges of the film, generally with the presence of

holes allowing a mechanical driving or guiding, or perforated strip. The invention

makes it possible to obtain onc or more of the advantages below with a crosse

{inkable solvent-free adhesive:

compactness, as the adhesive-coated face can travel with the
coating facing the shaft, giving a smaller footprint,

# significant saving in ferms of investment, but above all, in
terms of operation {energy saving, reduced maintenance);
easicr temperature and humidity adjustment of the chamber {or
oveny;

possibility of coating on both sides,

Additionally, the present invention proposes a process for manufacturing a

self-adhesive article comprising at least a substrate and an adhesive layer, said

process comprising the steps oft
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a) conditioning an adhesive composition, comprising at least a silyl-containing

polymer, a tackifymg resin and a catalyst, at a temperature of between 20 and 160°C;

b) coating the adhesive composition onto;

bl) at least a part of the substrate; or
b2) a non-sticking support;

¢) submitting the article obtained at step b) to a temperature comprised between 20 and

200°C and to a humidity level characterized by an atmosphere in which between 10 and

100% of the molecules are water molecules; and if b2) is chosen, then

d) depositing the substrate onto the adhesive composition before step ¢) or onto the
adhesive layer after step ¢).

According to oni¢ embodiment, the process further comprises a step e) of submitting the
between 30 and 180°C, more preferably between 40 and 160°C.

According to one embodiment, the coating at step bl) 1s performed onto at least 50% of
the substrate, preferably at least 75% of the substrate, more preferably at least 95% of the
substrate.

According to another embodiment, the coating of the substrate is performed onto at least a
part of both sides of the substrate.

According to one embodiment, the substrate is a grid of a mesh or & non- woven substrate.

According to another embodiment, the substrate is a release liner.

According to one embodiment, at step b) of the process, the quantity of adhesive
composition coated on the carrier is comprised between 10 and 1500 g/m’, preferably between 50
and 1300, more preferably between 600 and 1300 g/m’.

According to one embodiment, at step ¢} of the process, the humidity level is

characterized by an atmosphere in which between 10 and 90% of the molecules are water

molecules, preferably between 15 and 70% of the molecules are water molecules and the
temperature is comprised between 30 and 180°C, preferably between 40 and 160°C.
According to one embodiment, step ¢) of the process is performed in an apparatus
According to one embodiment; steam is injected into the external ventilation circuit.

According to one embodiment, steam: is dry vapour.
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According to one embodiment, at step ¢) the article obtained from prior step is
submitted to a treatment by dry vapour exposure (= 00%% water molecules) and
optionally to a further treatment by a regulated (ower) quantity of water molecules.

According to one embodiment, steam injection is regulated by a Proportional-
Integral-Derivative controller.

The present invention firther proposcs a self-adhesive article capable of being
oblained by the process of the invention, comprising at least a substrate and an
adhesive layer, wherein the coaling weight of said adhesive laver is comprised
between 600 and 1500 g/m?.

According to one embodiment, the coating weight of the adbesive layer is
comprised between 800 and 1300 g/m?

According to onc embodiment, the adhesive layer is further covered with a
release liner.

According to one embodiment, the back side of the substrate is a non-sticking
layer.

According to one embodiment, the substraie is a tape.

The present invention further proposes s process for bonding the self~adhesive

article of the invention onto a surface comprising the steps ofd

&) removing the protective non-sticking layer when said layer is present;
B) applyving the article onio the surface; and
) applving a pressure outoe the articls.

According to one embodiment, the adhesion of the self~adhesive article to the
surface is characterized by a shear resistance at ambient temperature under 1 kg of
higher than [0 minuies, preferably higher than 1 day, morc preferably higher than 10
days.

An advantage of the present invention is the production of a self-adhesive
article with a homogeneous cross-linking,

Another advantage of the present invention is the production of a self-adhesive
article which can be conditioned right after the exit of the production line.

Another advantage of the present invention is the production of a self-adhesive
article having a superior shear resistance at the exit of the production hine,

A further advantage of the present fnvention is the production of a high

coating weight adhesive using only one pass coaling process.

BRIEF DESCRIFTION OF THE FIGURES

The invention is described with reference 1o the following Figures:
- Figure 1 shows a diagram of a commercially availablc oven.
- Figure 2 shows a view of a Caroll-type drive.
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- Figure 3 shows a cross section view of a climatic chamber
with a Caroll-type drive.

- Figure 4 represents a roller and backing roll of a Caroll-type
drive.

- Figure 5 shows a schematic representation of the process
according to one embodiment of the invention.

- Figure 6 is a schematic representation of a self-adhesive
article obtained by one embodiment of the process
according to the invention.

- Figure 7 is a schematic representation of a self-adhesive
article obtained by another embodiment of the process
according to the invention.

. Figure 8a is a schematic representation of a self-adhesive
article obtained by another embodiment of the process
according to the invention.

- Figure 8b is a schematic representation of a self-adhesive
article obtained by another embodiment of the process
according to the invention.

- Figure 9 is a schematic representation of a self-adhesive
article obtained by another embodiment of the process
according to the invention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The invention will now be described in further detail (hereinafter, the term driving
also covers guiding, unless specifically stated otherwise).

Figure 2 shows a view of a Caroll type drive (1). This type of drive is named after
its inventor, and is used in many industries, in particular office equipment and "punching"
or lateral cutting of media (paper, card, etc.) for their transport (conveying, gear
transmission), detection (mechanical sensors or optical detection), automation, etc. The
cut (2) is here shown as being on the side, but can be in the middle, or multiple for extra-
wide films or large reel widths.

The support film receiving the adhesive layer according to the invention is
therefore perforated with a Caroll-type cutout. Such a cutout can be made at high speed (>
100 m/minute) on most supports: papers treated with non-sticking materials (silicone- or
kaolin-treated), label papers, thermoplastic films (polyolefines, polyester, polyamide,
etc.).

Cutting can be carried out either by conventional linear or rotary systems
(punch/die type) or by rotary-cut magnetic cylinder systems with removable plates
(consumable plates placed on the magnetic cylinders, the magnetism holding the plates on
the cylinder). Rotary cutting with magnetic cylinders and removable plates allows rapid
change of tooling, change in the design of the perforations, and can be
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combined with a waste removal systermn (compressed air, suction). Tn this way the
perforated film and the work enviropment are generally kept clean (the very light
chads produced by the punching tend, in the absence of effective suction, to become
affixed to surfaces due to clectrostatic effect).

Rotary cutting with magnetic cylinders and removable plates is adapted to
frequent changes of reel width. Such cutting allows the path to be adjusted rapidly,
by centring or automatic adjustment at one edge (calibrated on one edge of the
roller).

Via this cutting 2 film it obtaived that is intended to receive a deposit of a
cross-linkable adhesive without solvent. This film support is driven or guided in the
chamber by Caroll-type drives.

Figure 3 shows by way of example a climatic chamber (3) with Caroll-type
drive, the compact valure of which is evident, For a useful oven length of 25 meters,
the floor lengih is less thao 2 moeters, or even less than 1.5 meters (for a height of the
srder of 2 to 3 meters). The residence time in the climatic chamber corresponds to
that of a 25-meter dryer having only a single passage according to the state of the art.
This compaciness offers an improved thermal and hygrometric control with respect
to a conventional linear dryer. In the chamber shown, the filn forms paralle! loops
{paraliel corrugation). The spacing of the rolers/wheels would lead to the formation
of a zigzag (zigzag corrugation).

The presence of a Caroll-iype drive therefore makes it possible to have the
adhesive-coated face turned towards the drive shafl, but withowt the adhesive-coated
face, which is tacky for at least some part of the procedure, touching fixed or moving
parts of the oven.

The Carcll-type drives {and/or guides) can be of different types. Generally,
these are rollers or wheels (4) fitted with spikes (5) which are embedded in the holes
of the tape (6). Various shapes can be provided for the holes (circular, square or any
other shape), and it can also be provided that friction on a suitable support alone is
sufficient for the drive or at intermediate levels. The rollers or wheels can be free-
running, the film being moved simply by a traction system outside the climatic
charaber. The rollers or wheels can be motorized, entirely or only pariially, in the
upper, and/or lower and/or middle part. The wheels also serve to guide the film
and/or prevent vibration doring the transfer of the film. The motorization of the
wheels can be synchronous, in order to manage the film tension and avoid breaks.

Where cutting the Caroll cavities in a film takes place in direct association
with the oven, the distance between the Caroll rollers can be adjusted to the desired
width, One of the wheels can be fixed on the shafi, while the spacing with the outer
{or if appHeable the middie) wheel, can be controlled according to the location of the
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Caroll cavitics made in the film. The wheel is then translatably mobile on the shaft in
order to adapt the width of the perforated film,

In the embodiment of Figure 3, and in the case of single face adhesive
coating, the upper rollers (7) can be standard, namely solid. in fact, as the inner face
of the film is nof adhesive-coated, it can rest on standard cylinders.

The conditions in the chamber are variable, according to the nature of the
adhesive. Generally the temperature, hke the relative humidity, is regulated in order
to obiain cross-linking of the adhesive, The temperatore in the chamber {s thus
typically comprised between 50°C and 200°C, preferably between 8§0°C and 160°C
and advaniageously between 100 and 150°C; the temperature also takes account of
the nature of the film {chemical nature and thickness of the film). The relative
humidity, which can be controlled or not, is advantageously controlled, and generally
compriscd between 30 and 90%RH, preforably approximately S0%RH. It can also be
provided to regulate only the temperature in the case of adhesive systems which are
100% hot-cure or only the humidity in the case of adhesive systems which are 160%
meisiure-cure, Generally, adhesive systems are hot- and moisture-cure,

¥t is also possible to provide baffles in the chamber, in order to define
different areas inside the chamber. Different conditions, in particular temperature,
can be provided in the different areas of the chamber.

If needed, temperature and humidity regulation is carried out in various ways.
The heating can be nternal or external, gencrally external Extractor rosans can be
provided in order to improve the regulation, as even a low tlow is useful fo this end.
Vapour (if secessary dry vapeur) can also be injected, while still avoiding
condensation on the film forming the support.

In the oporation of the chawber, the film entering the chamber can
advaniageously be pre-heated, in order to benefit immediately from the efficiency of
the oven {the first meter inside the oven is then available for cross-linking and not for
mereasing the temperature of the filmy).

Backing rolls (4a) can alse be provided, as depicted in Figure 4 (and indicated
in Figure 3). The presence of backing rolls can be useful for the purpeses of the
drive by distancing the motorization, can also allow goiding, and can also be useful
in order to avoid tears and/or buckling (crumpling between rollers). The {optional)
complementary tapered shape shown also makes it possible, by exerting pressure
between the rollers, o tension (widen) the film by mechanical adjustment,

The invention alse allows double application of adhesive or double coating on
both sides. This can be useful for two adhesive layers, one on each face, as the
composition of the two adhesive layers can be identical or different. This can also be
useful in the case of the application of 2 non-sticking layer called a "release” layer on
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the other face of the film. In fact, ¥ &8 often necessary to provide a non-sticking layer
in order io be able to wind the flm that has received the adhesive. One possibility
consists of coating the other face with for example a silicone emulsion, such that
during winding the film presents this non-sticking silicone layer beside the adhesive
layer. In the state of the ari, it was necessary to reverse the film with a complex
system of tension rollers and to return the film with the silicone coating to the dryer,
conirolling the operation of which preseuted firther problems.

On leaving the chamber or oven, the lateral {or as the case may be, middle)
perforated area is romoved by cutting (rimmdng fo size, shitting). The waste

-~
i
i

produced (of the order of 5 to 7 %) is then recycled. The costs associated with this
part of the method correspond to the current costs associated with latoral cutting,
Lateral cutting is in fact necessary as it is currently not possible in practice to coat
100% of the useful surface area with adhesive, while # is equally impossible in
practice to achieve a perfoct multiple of the width of the adbesive tapes or labels for
ali of the articles produced in a unit. A serap rate of the order of 10%, or even muore,
is ussal.

The entrance into and exit from the chamber with Caroll-type drive can be on
the same side, on opposite sides or adjacent. The flexibility in defining the entry and
exit makes it possible to have only one operator for the various operations on a
production line which conventionally requires two.

The invention also relates to the chamber comprising a Caroll-type drive
systen, The chamber thus comprises a system of multiple tension rolicrs using
Caroll-type drive wheels or rollers.

According o one embodiment of the invention, the climatic chamber further
coroprises heating means which allow the temperature to be maimtained between
50°C and 200°C.

According to onc cimbodiment of the jnvention, the clirsatic chamber further
comprises moisture-control means which allow the relative humidity to be
maintained between 30% and S0%RIL

Any type of film forming a support can be used, such as for example
polyethylene, polypropylene, polyester (for example PET), polyamide.

The adhesive which is coated on a {ilm is a solveni-free cross-linkable PSA
adhesive. Mention may be made of the adhesives that are the subject of pateni
applications BP0106330, CA2554743 and WOU09/106699. Mention may also be
made of the adhesives that are the subject of the French applications in the name of
the Applicant filed under the mumbers 07/09027 (published as FR2925517 and
WO2008106699) and 09/06194, the content of which is incorporated herein by way
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of reference. The adhesive is in particular a polyurcthane- or polyether-based
adhesive, Such adhesive can comprise:

- 20 to 85 % of a polywrethane or polyether comprising 2

hydrolyzable alkoxysilane type end groups;

- 15 to 80 % of a compatible tackifying resin; and

- (.01 10 3 % of a cross-linking catalyst,

Preferably, the hot cross-linkable adhesive composition comprises from 40 to
65 % polyurcthane or polvether and 35 to 60 % tackifying resin,

According to an ecmbodiment, the adhesive composition comprises a
polyurethane comprising 2 hydrolyzable alkoxysilane type end groups and having
the Formula (fa):

(RSO)Q_p(Ra)pSi ..... i ALY E{;‘g ‘*’-R;:\;

O

¢

m which:

- R represcnts a hydrocarbon-based divalent radical comprising froms S to 15
carbon atoras which can be aromatic or aliphatic, lincar, branched or eyclic;

- R% regpresents a linear or branched alkylene divalent radical comprising from
i to 4 carbon atoms;

-R? ropresents a Yinear alkylene divalen! radical comprising from 1 to 3
carbon atoms;

- R and R®, identical or different, sach represent a linear or branched alkyl
radical with 1 10 4 carbon atoms, with the possibility when there are several r* (or
R®) radicals that these are identical or different;

-1 is an integer such as the numner average molar weight of the polyether
block of Formuda ~[OR2]n~ is comprised between 300 Da and 30 kDa;

- m is an integer such that the number average molar weight ol the polymer of
Formula {Ia) is compriscd between 600 IJa and 60 kg

- pis an infeger equal to0 G, 1 or 2.

The polyurethane of Formula (fa} contained in the composition according to
the invention can be oblained according to the following method.

In a first step, a polyurethane is prepared comprising 2 hydroxyl end groups

and having the formmia (Ha):
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by reacting one mole of dilsocyanate of Formula (Ia):

NCO-R-NCO HIEY
with approximately two moles of a polysther diol of Formulda (IVa):
H-[OR?],-OH (1Va)

which corresponds to a number ratio of the NCO/OH functions equal fo
approximately 0.5,

The reaction takes place at a {emperature comprised between 60 and 90 °C,
for a period of approximately 2 to 8 hours, and optionally in the presence of a
catalyst.

In a second step, the polyurcthane of Formmula (T1a) is converted into a
polyurethane of Formula (Ia) by a silylation rcaction with an isocyanatosilane of
Formula (Va):

NCO-R*-8i(RY,(OR ), (Va)

at a rate of approximately one mole of polyurethane of Formula () for 2
moles of the compound of Formula (Va).

These 2 synthesis steps are conducted in anhydrous conditions, so as to avoid
hydrolysis of the alkoxysilane groups. A typical temperature range for carrying out
{hese reactions is 30° to 120°C, and more particularly 60 to 80°C. A minor variation
relative (o the stoichiometries given previously can be envisaged without difficulty,
on condition however that it does not exceed 10 % in the first step {synthesis of the
polyurcthane of Formula s}y and 2% in the second siep (synthesis of the
polyurethane of Formula la).

Reference is made to Buropean patent EP § 931 800 for further details
concerning the preparation of the polyurcthane of Formula (Ia) having terminal
groups of the alkoxysilane type.

According 1o another embodiment, the adhesive composition comprises a
polyether comprising 2 hydrolyzable alkoxysilane type end groups, baving 3
viscosity measured at 23°C ranging from 25 to 40 Pa.s and for Formula (Ih):

(R“*O)S_Q(Rz)DSimR?'mNHw%w}0&4 —-0~~-g|:wNHwR3~sa<R2)p(oR1)3_p
{ n '
O O
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in which:

- RY and R, identical or different, cach represent a linear or branched
alky] radical with 1 to 4 carbon atoms, with the possibility when there are several R
{or R} radicals that these are identical or different;

R’ ropresents a lincar or branched alkylene divalent radical comprising
from § to 6 carbon atoms;

R” represents a linear or branched alkylene divalent radical comprising
from 1 to 4 carbon atoms;

-1 is an integer such that the nomber average molar weight Mn of the
polymer of Formula (T} is comprised between 20 kDa and 40 kDa;

- pis an integer equal i0 0, L or Z;

The polymer of Formula (Tb) contained in the composition according to the

nvention can be obtained by reacting a polyether diol of Formula {fib}):

H-[OR".-OH (i1b}
with an isocyanatosilane of Formula (3b):
NCO-R*-SHRY(OR Yay (11ib)

at a rate of approximaiely one mole of polycther diol of Formula {Iib) for 2
moles of the compound of Fornwla (Hib},

The polyether diols of Fornwla (Itb) are widely available commercially, as
are the isocyanatosilanes of Formulas (Ilb). Mention may be roade by way of
cxample of gammae-isocyanato-n-propyl-trimethoxysilane which is avatlable under
the name Geniosil® GF 40 or also alpha-isocyanato-n-methyl-methyldimethoxysilane
which is available under the trade name Gendosit® XI, 42, both from the company
Wacker,

This synthesis step is conducted in anhydrous conditions, in order to avoid
hydrolysis of the alkoxysilane groups, A lypical temperature range for carrying out
this reaction iz from 30° o 120°C, and wore particelarly from 60 to 90°C. A minor
variation rclative to the stoechiometries given previously can be envisaged without
difficulty, on condition however that it does not cxcoed 2%,

Polyethers of Formula (Ib} are also commercially available.

The resin is a compatible tackifying resin, baving a number average molar
weight comprised between 200 Da and 5 kDa, and chosen from the resins capable of
being obtained:

- {i) by polymerization of terpenic hydrocarbons and phenols, i the
presence of Friedel-Crafts catalysts, or
- {ii} by polymerization of alpha-mcthy! styrene, and optionally by reaction

with phenols.
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As regards the tackifying resing which can be contained in the composition

§

according 1o the invention, by the term "compatible lackifying resin” is meant a

tackifying resin which, when mixed in the proportions $0%/50% with the polymer of
Formula (1), gives a substantially homegenous mixture, Such resins are
commercially available and from those capable of being obtained by methods (i) and
(i) defined above, the following products may be mentioned:

- method (i) Dertophene® 1510 available from the company DRT baving a
molar mass Mn of approximately 870 Da; Dertophene® H150 available from the
same company, having a molar mass Mn of approximately 630 Da; Sylvarez" TP 95
available from the company Arizopa Chemical having 2 molar mass Mn of
approximately 1200 Da;

- method (ii): Norsolene®™ W100 available from the company Cray Valley ,
which is obtained by polymerization of alpha-methyl styrens without action of
phencls, with a number molar mass of 900 Da; Sylvarez® 510 which is also available
from the company Arizona Chemical with a molar mass Mn of approximately 1740
Da, the method of obiaining which includes the action of phenols,

The cross-linking catalyst that can be used in the composition according to
the invention can be any catalyst knowo fo 8 person skilled in the art for silanoil
condensation. Mention may be made as examples of catalysts, of organic derivatives
of titanium such as titanium acety! acetonate {commercially available under the name
TYZORY AA7TS from the company DuPont), aluminiam such as alumintom chelate
(commercially available under the name K-KAT® 5218 from the company King
Industries), amines such as 1,8-diazobicyclo (5.4.0) undecene-7 or DBU.

The hot cross-linkable adhesive composition according to the invenlion can
be prepared by a method which comprises:

-a step of mixing in the absencce of air, preferably under am inert
atmosphere, of the polymer of Formula (I} with the fackifying resin(s), at a
temperalure comprised between 30 and 170°C, preferably between 100 and 170°C,
then

- a step of cooling said mixture to a iemperature ranging from 50 to 906°C,
and advantageously approximately 70 °C, then

- a step of incorporating the catalyst into said mixture and, if applicable,
desiccant and other optional constituents.

The coating step is carried oul in standard fashion by means ofknown coating
devices, such as for exarople a lip- or curtain-type nozzle, or also with a roller, It uses
a weight per unit area of adhesive composition ranging from 3 fo 500 g/,

preferably 10 to 250 g/m’. The material that can be used for the support layer is for
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example paper or & film of a polymer material having one or more layers, as
indicated above.

The time necessary for the cross-linking can vary within wide limits, for
examplc between 1 second and 10 minutes, preferably between 30 seconds and 5
minutes. The residence time in the climatic charaber is adapted in consequence.

This step of thermal cross-Hoking results in the creation - between the
polymer chains of the polyurethane or polyether and under the action of moisture - of
siloxane-type bonds which lead to the formation of a three-dimessional polymer
matrix. The adhesive composition that is cross-linked n this way is a pressure-
sensitive adhoesive which confers the desired adhesivity and tack onto the support
coated therewith.

The invention is not limited to the description of coating of a hot-melf
adhesive that is heat-cross-linkable without solvent, but can find applications in other
fields, such as for example adhesive-coating of paper and generally the transport
(comveyance, transfer) of supporis in the form of films having received a coating of a
bonding material at a point in the process. In such fields, it is sought to avoid any
contact between the adhesive parts and the device. An accumulator can be provided,
applying the Caroll-type drive principle.

Auother object of the invention concerns a device comprising:

- means for coating an adhesive composition on a film,

- a climatic chamber aceording to the mvention,

- driving mesns to introduce the film coated with the adhesive

composition into the climatic chamber.

According to one embodiment of the invention, the device further comprises
means of applying a release Hner at the exit of the climatic chamber.

According to one embodiment of the invention, the device further comprises
adhesive tape winding means at the exit of the climatic chamber,

The invention provides a process for manufaciuring a self-adhesive article
comprising at least a substrate and an adhesive layer, said process comyprising the
steps of:

4} conditioning an adhesive composition comprising at least a silyl
containing polymer, a tackifying resin and a catalyst at a fomperature
comprised between 20 and 160°C;

b} coating the adhesive composition onto:

b1} at least a part of the substrate; or

b2} a non-sticking support
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¢} submitting the article obtained at step b) 10 a temperature comprised
between 20 and 200°C and to a humid atmosphere in which between § and
1030% of the molecules are water molecules; and

it b2) is chosen, then

d) deposiiing a substrate onto the adhesive composition before step ¢} or
onto the adhesive layer afler step ¢).

As used herein, the term “self-adhesive article” is meant to include any article
which can be bonded onto a surface only by the action of a pressure with the hand or
with an eqguipment, without the use of additional adhesives. By “sclf-adbesive
article” is also to be undersiood a Pressure Sensitive Adhesive, Those articles aim at
exposing a PSA surface for use of sticking to other surfaces for closing, mainiaining,
fastening, or siroply immobilizing, exposing forms, logos, pictures or information.
Those articles can be used in many fields, such as medical, packaging, antomobile or
construction field. They can be shaped according to their final application, for
exarople in the form of tapes, such as industrial tape, DIY tape, single or double side
tape, double side tape made out of single or muliiple or no carrier, tape made with
specific carriers like open or closed cells foams, grids or composite or textile ot
extruded or laminated webs, or in the form of labels, bandages, wound dressing, FSA
coated thick pad, road marking tapes or labels, graphic art PSA films.

By “substrate” it is to be understood a support layer which is coated by the
adhesive composition in the article according to the invention. The substrate may
have any shape, but comprises at least one face which is approximately flat, on
which the adhesive layer is coated and which can be applied to a surface for adbering
thereupon. The substrate may have two identical or different faces, with identical or
different chemical natures and/or identical or different mechanical properties,
order to be adapted to many self-adhesive article shapes according to their final
applications.

The substrate may be based on any kind of materials that can be used according
to the need for making PSA articles, such as tape or label articles. For example,
polypropylene, polysthylene and paper are base stock material for such carier, as
well as any useful plastic or fibrous web that can be handled through such articles;
{abric, metal fiber or glass fiber based materials can also be used for some
applications. According to one embodiment of the invention, the substratc is a carrier
based on polysthyiens tercphthalate (PET).

According to one embodiment, one side of the substrate sticks to the adhesive
layer (front side) and the other side is further covered with a non-sticking layer, for
example a layer made in a siliconized material (back side). In this case, the self-
adhesive article obtained can be casily recled thanks to the presence of a non-sticking
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layer onto the back side of the substrate. Said non-sticking layer does not adhere to
the adhesive layer, such that there is no adhesive transfer between the non-sticking
layer and the adhesive layer. According to ancther embodiment, one side (back side)
of the substrate is treated in order 10 be non-sticking. Said substrate presents the same
advantage as the substrate covered with a non-sticking layer.

According to one embodiment, the carrier is a grid or a mesh or a non-woven
material, In this case, the adhesive layer may be present onfo one surface of the
carrier, but can also penetrate inside the carrier during its application because of the
porous nature of the carrier so that the fibers of which the substrate is made are
entirely coated by the adhesive composition. In this case, a release liner is preferably
present onto the adhesive layer or adhesive composition.

According to another embodiment, the sebstrate is a release liner. The release
liner is intended {o be removed before application onto a surface for adhering
thereupon. Preferably, the release liner (also called a protective non-sticking layer) is
made of siliconized film or paper, for example said layer is based on cross-linked
polydimethylsiloxanc-based material. Typically, this release liner has a thickness of
about one micrometer. According to one embodiment, the release liner may have two
different surfaces; said surfaces may be made with two different materials.

Also, the subsirate can be pre-treated by any technique, like plasma, corona
treatments, or abrased, or pre-coated, to modify surface fensions or in general to help
with any of featores to be given to the finished assembly.

As used herein, the “adhesive layer” is the cured adhesive composition
obtained in the end of the process. The adhesive composition according to the
invention is preferably any hot melt adhesive, namely that is apphed at temperatures
higher than 50°C, preferably 70°C, more preferably 90°C with no significant
guantity of solvent {typically less than 5% by weight based on the total weight of the
material), has a loop tack representing a PSA hehaviour of minimum of 0.039 N/oem
afier at least partially curing the silylated functions, preferably with no residues, on
glass plate. Said adhesive composition comprises at least 5% hy weight of an
oligomer or a polymer or a large molecule with an average molecular weight
comprised between 100 and 250,000 g/mol, preferably between 200 and 80,000
g/mol, preferably between 500 and 60,000 g/mol and a chemical structure
comprising between 0.01 and 4 mol/kg, preferably between 0.1 and 3.5 molkg of
silylated functions.

Herein, by “curing” it is to be understood “cross-linking”.

According to the present invention, the “adhesive composition” is a solvent-

free cross-linkable Pressure-Sensitive Adhesive (PSA). This composition comprises
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at least a polymer or a mixture of polymers, a tackifying resin or a mixture of
tackifying resins and a catalyst.

The polymer is a silyl-containing polymer with no significant quantity of
solvent, typicaily less than 5% by weight based on the total weight of the material.
By “silyl-containing polymer” is meant an oligomer ot a polymer or a large molecule
with an average molecular weight comprised between 200 and 80,000 g/mol,
preferably between 500 and 60,000 g/mol and having a chemical structure
comprising between 0.1 and 4 molkg of silylated functions. Said silylated functions
can be grafied at the extremities of the polymer or at any part of the polymer chain.
By “silylated functions™ is meant a function having the following formmla (I}

— Si(RY),(OR"), 0
wherein:

R* and R°, which are identical or different, cach represent a linear or branched
alkyl radical having 1 to 4 carbon atoms, with the possibility, when there are several
R {or RS) radicals, that these are identical or different,

p is an integer equal to 0, for 2.

According to one embodiment, the adhesive composition of the invention is of
the type described in documents WO 2009/106699 or EP 2 336 208,

According to one embodiment, the adhesive composition comprises a silyl-
terminated polyurethane having the following formula (fa):

---%---NH---—R"‘ ----- :\J;i»-»«g?}r{?‘ié«\ Gmiil‘,fNH*R"’*SE(R“)p{ORS)S -

IV |

Q

s

{1a)
wherein:

R! represents a hydrocarbon-based divalent radical comprising from 5 to 15
carbon atoms which may be aromatic or aliphatic, linear, branched or cyclic,

R? represents a Hnear or branched alkylene divalent radical comprising from 1
to 4 carbon atoms,

R’ represents a linear alkylene divalent radical comprising from 1 to 3 carbon
aloms,

R* and R®, which are identical or different, each represent a linear or branched
aley! radical having 1 to 4 carbon atoms, with the possibility, when there are several
R* (or R”) radicals, that these are identical or different,

n is an integer such that the number-average molecular weight of the
polyether block of formula —[OR*n— is between 300 Da and 30 kDa,
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m is an integer such that the number-average molecular weight of the
polymer of forraula (1) is between 600 Da and 60 kg,
p is an integer equal to (0, 1 or 2.
According 1o another embodiment, the adhesive composition compriscs a silyl-

terminated polyether having the following formula (Ib):

0

{Ib)
wherein:

R! represents a linear or branched alkylene divalent radical comprising from |
to 4 carbon atoms,

R’ represents a linear alkylenc divalent radical comprising from 1 to 6 carbon
atoms,

R* and R®, which are identical or different, each represent a linear or branched
alkyl radical having 1 to 4 carbon atoms, with the possibility, when there are several
R* (or R°) radicals, that these are identical or different,

n is an integer such that the number average molecular weight of the polymer
of formula (Ib) is between 20 kDa and 40 kDa,

p is an integer equal to @, 1 or 2.

As regards the tackifying resin(s) which are included in the composition
according to the invention, the expression "compatible fackifying resin” means a
tackifying resin which, when it is mixed in 56%/50% by weight proportions with the
polymer gives a substantially homogeneous blend.

The resins are advantageously chosen from:

(i) resins obtained by polymerization of terpene hydrocarbons and phenols, in
the presence of Friedel-Crafis catalysts;

(i) resins obtained by a process comprising the polymerization of {alphal-
mothyl-styrene, said process possibly also including a reaction with phenols;

(iii) natural or modified rosins, such as for example the rosin extracted from
pine gum, wood rosin extracted from tree voots and their derivatives thal are
hydrogenated, dimerized, polymerized or esterified by monoalcohols or polyols such
as glycerol;

(iv) resins obtained by hydrogenation, polymerization or copolymerization
(with an aromatic hydrocarbon) of mixtures of unsaturated aliphatic hydrocarbons
having around 35, 9 or 10 carbon atoms derived from petroleum fractions;
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{v} terpene resing, gencrally resulting from the polymerization of terpenc
hydrocarbons such as, for example, monoterpene {or pinene) in the presence of
Friedel-Crafls catalysts;

{vi} copolyroers based on natwral terpenes, for example styrenc/terpene,
falphal-moethylstyrene/terpene and vinyltoluene/terpene; or olse

{vii} acryHe resing having a viscosity at 100°C. of less than 100 Pas.

Such resins are commercially available and among those of type (i), (ii) and
(i11) defined above, mention may be made of the following producis:

resing of type (1) DERTOPHENE® [3510 available from DRT that has a
molecolar weight Mn of arcund 870 Da; DERTOPHENE® H1S0 available from the
same company with a molecular weight Mn equal 1o around 630 Dia;, SYLVAREZ®
TP2040HME available from Arizona Chemical; SYLVAREZ® TP 95 available from
Arizona Chemical having a molecular weight Mo of around 1200 D,

resing of type (if): NORSOLENE® W10 available from Cray Valley, which is
obtained by polymerization of [alphal-methylstyrene without the action of phenols,
with a number-average molecular weight of 90¢ Da; SYLVAREBZ® 3510 which is
also available from Arizona Chemical with a molecular weight Mn of around 1740
Da, the production process of which also comprises the addition of phenols;

resing of fype (i) SYLVALITE® RE 100 which is a pentacryihritol rosin
ester avatlabie from Arizeona Cheonical and having a molecoelar weight Mn of arcund
1700 Da.

According to one preferred embodiment, use is made, as resin, of a resin
chosen from those of type (1) or (i),

According to another preferred embodiment, use is made, as resin, of a resin of
type (1) and preferably a vosin ester.

The curing calalyst that can be used in the composition according to the
wvention may be any catalvst known to a person skilled in the art for silanod
condensation. Mention may be made, as examples of such catalysts, of organic
derivatives of titanium such as titanium acetyl acsionate (commercially available
under the name TYZOR® AATS from DuPont), of alumintum such as aluminiim
chelate (commercially available under the name K-KATR 35218 from King
Industries), of amings such as 1,8-diazobicycio]5.4.0Jundec-7-ene or DBU.

According to one preferred embodiment, the curable adhesive composition
comprises from 40 to 65% of the silyl-containing pelymer and from 35 t0 60% of
tackifying resin(s).

Optionally, the adhesive composition according to the invention ray also

include, in combination with the silyl-containing polymer, thermoplastic polymers
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often used in the preparation of HMPSAs, such as ethylene vinyl acetate (EVA) or
styrene block copolymers.

The curable adhesive composilion according to the invention rmay also
comprise up to 3% of a hydrolysable alkoxysilane derivative, as a desiccant, and
preferably a trimethoxysilane derivative. Such an agent advantageously prolongs the
shelf life of the composition according to the invention during storage and iransport,
before the use thereof Mention may be made, for example, of [gammai-
methacryloxypropylirimethoxysilane available under the frade name SILQUEST®
A-174 from US Momentive Performance Materials Inc.

The adhesive composition according to the invention may also include a
plasticizer such as a phthalate or a benzoate, a paraffinic and naphthenic ofl {such as
PRIMOL® 352 from Lsso)} or else a wax of a polyethylene homopolymer (such as
A-C® 617 from Honeywell} or a wax of a polyethylene/vinyl acetate copolymer, or
else pigments, dyes or fillers,

Finally, an amount of 0.1 to 2% of one or more stabilizers {or antioxidants} i
preferably inchided in the composition according to the invention. These compounds
are introduced to protect the composition from degradation resulting from a reaction
with oxygen which is capable of being formed by action of heat or light. These
compounds toay include primary antioxidants which trap free radicals and are, in
particular, substituted phenols such as IRGANOX® 1076 from Ciba, The primary
antioxidants may be used alone or in combination with other secondary antioxidants
ot UV stabilizers.

The adhesive composition is conditioned at & temperature comprised between
20 and 160°C. This step is performed by any known methods, such as by mixing and
if necessary by heating the adhesive coraposition in a drum-unloader,

Then, the conditioned adhesive composition is either coated onto at least a part
of a substrate or onto a non-sticking support.

The non-sticking sopport may be the belt conveyor of the winding/unwinding
system used to circulate the adhesive composition or any non-sticking supports
which are used to femporarily support the adhesive composition without sticking to it
during the production of the self-adhesive article,

According to option b2), the non-sticking support is used as a temporary
support for the adhesive composition/layer before the final substrate is contacted
with this adhesive composition/layer.

In the case wherein the coating is performed onto a non-sticking suppord, at
least one substrate is then deposited onto the acdhesive composition or adhesive layer,

before or afier the curing step.
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In the case wherein the coating is performed onto the substrate, the coating
may be performed onto at least a part of the substraie, preferably onto at least 50% of
the substrate, more preferably onto at least 75% of the substrate, still more preferably
onto at least 93% of the substrate.

In the case wherein the subsirate is deposited onto the adhesive composition or
adhesive layer (step d), the adhesive composition or adbesive layer covers at least
30% of the substraic, preferably at least 73% of the substrate, still more preferably at
least 95% of the substrate,

The coating step is camried out using known costing devices, such as for
example a hipped die or a curtain-coaling type die, or else a roll, According o one
embodiment of the invention, the quaniity of adhesive composition coaled onto the
substrate or onto the non-sticking support is comprised between 10 and 1500 g/m?,
proforably between 50 and 1400 g/m?, more preforably between 600 and 1300 g/m?,

According to one embodiment, the coating of the adhesive composition is
performed onto at least a part of a release liner. According to this embodiment, the
adhesive layer obtained afier curing has enough mechanical resistance without any
carrier inside. Indeed, after removal of the release liner and application onto a surface
for adhering thercupon, solely the adhesive layer remains on the surface; the
adhesive layer has cnough mechanical resistance to cnsurc its adhesive function
without the presence of a substrate.

According to one embodiment, the substrate is in a discrete form like a grid or
a mesh or a non-woven material. In this case, the substrate can be put in contact with
soft or liguid adhesive composition in order that # is surrounded by the adhesive
fayer once cured. The use of a substraie in a discrete form, like a grid oramesh ora
non-woven material, permits to manufacture a self-adhesive article which can be
casily cut without gny particular equipment.

The coating weight is 0 be adapted to the desired application of the article,
The production of low cosling weight can be made very quickly, with a high
production rate, since it requires a short curing time. On the contrary, if the surface to
be bonded is uneven or irvegular, an adhesive film with high coating weight is
desirable; planar junctions can also be compensated by high coating weight adhesive
films.

The invention is particularly remarkable in that it allows the adhesion to
uneven or irregular surfaces, The possibility to coat the substrate or the non-sticking
support with a high weight of adhesive permits the adbesion o surfaces which are
irregular, like a closed or open cell foam surface, & mesh or a grid surface, like
structured fiber-made surfaces like textile sheets, unstructured/random fiber-madc

surfaces like non-wowen webs, and also like braised metals, embossed surfaces and
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curved surfaces, whether made of plastics or metal or composites, as well as semi-
gloss and dull metal and painted or varnished or printed surfaces. This description is
not Hmitative and also refates to the material or surface state of the substrate itself.
Under the pressure applied on the article, the adhesive layer will compensate the
volume of holes or unevenness in the surface.

Preferably, the coating is made uniformly onto the substrate or the non-sticking
support but the coating can also be adapted to the desired shape of the final article.

According to one embodiment, the coating of the adhesive composition is
performed onto at least a part of both sides of the substrate. I both sides of the
subsirate arc coaled, the adhesive composition may be the same or different onio
both sides, and the coating weight can be the same or different onte both sides.

According to another embodiment of the invention, the self-adhesive article
comprises an adhesive layer onfo at least a part of one or both sides of the substrate,
said adhesive layer(s) being optionally covered with a release liner, Preferably, the
release liner is made of siliconized film or paper, for example said layer is based on
cross-linked polydimethylsiloxanc-based material. Typically, this release liner has a
thickness of about one micrometer. According to one embodiment, the self-adhestve
article comprises two release liners surrounding the adhesive composition. In this
case, both release liners can be made of similar or different materials and/or they can
have the same or diffcrent thicknesses.

According to one embodiment, a substrate is placed onlo a winding/uawinding
system. Preferably, the winding/unwinding system used comprises several points of
pinching which are correlated together to ensure along the winding/unwinding way
the right parallelism of fims, edge matching, and rewind roll perfect tension and
aspect, with no tunnelling, telescoping, wrinkling or any unwanted defects.

Preferably, the coating is conducted at a temperature comprised between 40
and 150°C.

Then, the coated adhesive composition is submitted to a temperature comprised
between 20 and 200°C, preferably between 30 and 180°C, more preferably between
40 and 160°C and to 2 humid atmosphere in which between 5 and 100% of the
molecules, preferably between 10 and 90% of the molecules, more proferably
between 15 and 70% of the molecules are water molecules, The curing of the
adhesive composition is thus performed. Acvording to the nature of the adhesive
composition, the curing time is adapted.

According to another embodiment, the process of the invention further
comprises a step ¢) wherein the adhesive composition is only submitied o a

temperature comprised between 20 and 200°C, preferably between 30 and 180°C,
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more preferably between 40 and 160°C. The temperature at step e) may be the same
as or different than the teraperature at step ¢).

In the case wherein the coating b) is performed onto at lgast g part of the
substrate, the further optional step ¢) is performed after step ¢).

In the case wherein the coating b) is performed onto a non-sticking support, the
further optional step ) is also performed after step ¢) bui this step ¢) may be
performed before or after step d) of depositing a substrate onto the adhesive laver,

The bumidity level is expressed as the percentage of water by volume, which
corresponds to the mumber of molecules of water divided by the total number of
molecules in a volume unit. Because of the linear nature of this scale, the humidity
level is easy to display and regulate using normal set point PID. (Proportional-
Integral-Derivative) controllers. Percentage in weight can be calculated with normal
air considering multiplying the percentage of water molecnles based on the total
number of molecunles by a factor of 0.622. Academic and general information sbout
humidity level in varions environments is described by W. Wagner et al, in
“International Steam Tables — Properties of Water and Steam based on the Industrial
Formilation IAPWS-IFG7 .

The apparatus used to perform the curing may be any conventional oven,
initiaily designed for drying coatings by removing any solvent quantity, modified to
be able to heat up the coating and the coated subsirate or non-sticking support and to
allow temperature and moisture conditions necessary to cure the coating composition
of the invention.

The apparatus 1s & mean allowing putting in contact during a certain time a
moisfure-containing hot air flow with the coated material, so that the material can be
heated up and receive moisture as efficiently as possible to reach targeted curing
state and therefore performance features. The apparatus may be open or closed.

Avccording o one erabodiment of the invention, the curing siep is performed in
a ventilated apparatus. Preferably, the ventilated apparatus has an external ventilation
circuit, Preferably, the external ventilation circuit comprises a heat exchanger.

Preferably, the humidity level is regulated by the introduction of steam into the
external ventilation circuit. According to onc embodiment, stcam is dry vapour.

According to one embodiment, the apparatus is a temperature and moisture
controlled tunnel. Preferably, this kind of apparatus is used for making low coating
weight adbesives,

According to one cmbodiment of the invention, the apparatus is an oven with
forced convection. Preferably, the heating is performed in an external circuit with
heat exchanger. Preferably, the moisture is mntroduced into the volume of the oven

which is traversed by the adhesive composition, thanks fo dry vapour injecied info
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the external acration circuit of the oven. Preferably, the air flow rate is controlled in
order to maintain a laminar flow and a sufficient renewal of awr in the oven,

The oven aims at promoting the transfer or diffusion of water molecules mto
the coated material, so that curing can be initiated as fast as possible.

According to one embodiment, the steam injection is regulated by a P1D.
{Proportional-Trtegral-Derivative) regulation. For example, for a humid atmosphere
in which 60% of the molecules are water molecules, the injection goes on as long as
measured humidity level is below this value, and stops while the measured humidity
content is above the value of 60% of water molecules.

The oven used to perform the process can be any known ovens which can
regulate teraperature and moistare content. Those kinds of avens are already used in
some industries, sach as food industrics or for sterilization processes.

Tn one embodiment of the fnvention, the oven can be constituted of a first
section wherein the temperature and the moisture content are controlled and 2 second
section wherein only the temperature is controlled.

Tu document US 5,694,835 are described humidity controlled ovens. In such
ovens, useful in food industry, the temperature exceeds 100°C.

In one embodiment of the invention, the oven comprises a “Caroll-type”
guiding.

Preferably, in each of the scctions wherein sicami is injected, tnoisture-
controlling captors are placed close to the coated surface of the substrate or the non-
sticking support. For example, a “MACI125 moisture analyzet” from the company
Machine Applications Company Instruments is integrated in the P.LD. regulating
system to control and monitor bumidity level in cach section.

The process of the invention can be implemented in a batch process or ina
continuous process.

According to one embodiment, the substrate used in the process is a tape.

According to one embodiment of the invention, the seif-adhesive article is
intended to make labels, decals, or lettering articles. In that case, the seif-adhesive
article obtained by the process according to the invention needs to be madified by
one or more conversion technigues such as slitting, die-cuiting or matrix-stripping.

Figure 5 illustrates one embodiment of the process according to the invention,
The adhesive composition 8 is conditioned at a predetermined temperature in a dram
unloader 9. Then, the adhesive composition is coated onto a PET tape deposited on
and moving with a belt conveyor 10. The coated substrate is then introduced into an
oven 11 whercin said coated subsirate is submitted to spocific temperature and

hunudity conditions. At the exit of the oven, a release liner 12 s deposited onto the
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adhesive layer in order to obtain a selfcadhesive article 13, which can further be
reeled.

The self-adhesive articles obtained in the end of the process according to the
mvention may have many different shapes.

According to one embodiment, the adhesive layer 14 is coated onto a substrate
15 (Figure 6).

According to another embodiment, a release liner 12 may be deposited onto the
adhesive layer 14, said adhesive layer 14 being coated onto a subsirate 15 (Figure 7).

According to one embodiment, one side 17 of the substrate sticks to the
adhesive layer 14 and the other side 18 of the substrate is a non-sticking layer, for
example a layer made in a siliconized waterial. In this case, the adhesive layer 14 is
coated onto the adhering side 17 of the substrate (Figure 8a). According to this
embodirent, the self-adhesive article may be wound in a roll (Figure 8b),

According to another embodiment, the adhesive layer 14 may be surrounded by
two release Hners 12 (Figare 9).

According to the process of the invention, the self-adhesive article obtained at
the exit of the production line is sufficiently crogs-linked for permitting its outting
and 1ts recling without any bleeding of the adhesive coating.

Thanks to the process of the invention, a selfadhesive article having a very
high adhesive coating weight is obtained after only one pass coating process,

The invention further relaies to a seif-adhesive article capable of being
obtained by the process of the javention, comprising at least a subsirate and an
adhesive layer, wherein the coaling weight of said adhesive layer is comprised
beiwesn 600 and 1500 g/m?, preferably between 800 and 1300 g/m®.

According to one embodiment, the substrate of the self-adhesive article 18 a
tape.

According to one embodiroent, the adhesive layer 15 further covered with a
release liner.

According to one embodiment, one side of the tape sticks to the adhesive layer
coated onto said side while the other side of the tape {back side) is treated to be non-
adhering in order not to stick to the adhesive layer. In this case, the self-adhesive
article can be easily reeled withowt any transfer between the adbesive layer and the
back side of the tape.

The invention also relates to a process for bonding the self-adhestve article of

the jovention onto 8 surface comprising the steps oft

@) removing the release liner when said release lUner is present;
b} applying the article onto the surface; and

€} applying a pressure onto the article.
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The surface present in the process for bonding according to the inveniion can
be any regular or irreguler surface optionally having some holes or unevenness. The
surface can be bascd on any type of maierials, such as plastic, paper, metal, concrate,
wood, plaster or cersruic, in a form of a mesh or a grid surface, or structured fher-
made surfaces like textile sheets, or unstructured/random fiber-made surfaces like
pon-wowen webs, or braised metals, or cmbossed surfaces and curved surfaces,
whether made of plastics or metal or composites, or semi-gloss and dull metal or
painted or varnished or printed surfaces.

This description is not Hoitative and also relates to the material or surface state
of the subsirate itselfl

Also, the substrate can be pre-ireated by any technigue, like plasma, corona
treatments, or abrased, or pre-coated, to modify surface tensions or in general fo help
with any of features to be given fo the finished assembly. The same kind of treatment
can be considered for surfaces that are intended to be bonded by the adhesive surface
once it has cured.

According to one embodiment, the adhesion of the self-adhesive article to the
surface is characterized by a shear resistance at ambient temperature under 1 kg of
higher than 10 minutes, preferably higher than 1 day, yoore preferably higher thas 10
days.

The self-adhesive article of the invention has very good performarnces, those
performances being obtained right st the exit of the production line. The
performances of the seif-adhesive support can be ovaluated by its peel strength, its
toop tack and its shear strength. For industrial applications, it is essential to obtain a
product at the exit of a production line which can be easily and immediately handled,

for example within one bour afier its production.

1) Preparation of the Compositions

The compositions that appear in the table below are prepared by firstly
introducing the tackifying resin (SYLVAREZ® TP2040HME) into a glass reactor
under vacuum and heated to around 160°C. Then, once the resin is thoroughly
molten, the silanc-containing polymer (DESMOSEAL® 8 XP 2636 or GENICSIL®
STP-E30) is added.

The mixture is stirred under vacuurm for 15 minuies, then cooled to 70°C. The
catalyst (K-KAT® 5218 or TIB-KAT® 223) is then introduced. The mixture is kept
wnder vacuum and continues to be stirred for another 10 mimates.

Compositions corresponding to examples 1o 13 are dascribed in table L
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Table 1: adhesive compositions

DESMOSEAL | STPE- | Irganox | Irganox | Kkst Tib | Sylvarez
S XP2636 30 1016 245 5218 Kat | TP 2040
Yowt) Sowt) (%owt) (%wt) | (%owt) 223 HME
{Yowt) | (%owt)
1 51 0.8 0.2 2 46
2 51 0.8 0.2 2 46
3 51 0.8 (.2 2 46
4 31 08 | 02 2 46
5 31 0.8 0.2 2 46
6 51 0.8 0.2 2 46
7 51 0.8 0.2 2 46
] 51 0.8 0.2 3 43
9 | 51 0.8 0.2 3 45
10 L 52 0.8 0.2 0.7 46.3
11 52 0.8 0.2 4.7 46.3
12 52 1 08 4.2 1.2 458
13 52 08 | 02 1.2 458

2) Preparation of the PET Support Layer Coated with the Composition, with a

coating weight comprised between 50 and 700 gfm®,

The composition obtained in 1) is preheated to a temperature close to 100°C
within a drum-unloader and then is purged through a heating presswre hose
comprising a nozzle also heated at about 100°C. The heating hose is connected to the
nozzle/applicator, the nozele is entered in contact with substrate surface. Then the
adhesive comaposition is purged through the nozzle mouth and a regular flow is
applied, without heterogeneous material ke gelled or solid particles.

As the substrate, use is made of a rectangular sheet of polyethylene
terephthalate (PET) having a thickness of 50 pm and dirensions of 20 cm by 40 em
which is put on a driving machine. Alternatively, a roll of PET film may be put ona
winding/unwinding machine.

At less than 2 mcters away from the noezle position on the machine, the first
section of the apparatus is placed in order to perform the curing of the composition.

The apparatus used in the exaroples are either:

- a standard ventilated oven {coraparative examples 1, 2, 5and 6), or

a temperatore and moistare controlled tumne! connected with steam
generator and equipped with exhaust {examples 3 and 4), or

- a moisture comtaining ventilated oven with recycled cireulating air

(exarples 7 io 13).
The test conditions are described in table 2.
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Table 2: test conditions

Coating weight Tomperature Residence time | Humidity level |

{g/m*) ‘ °Cy {seconds) {%% of water

7 molecules)
1 50 120 30 2
2 50 i 120 ' 20 2
3 50 120 20 60
4 50 140 20 60
5 250 128 300 2
& 250 140 300 2
7 250 §20 300 22
8 200 120 300 i6
9 300 120 300 23

10 ' 300 120 200 23

11 300 140 100 68
12 700 120 300 23
13 700 140 } 200 68

The adhesive layers thus obtained are subjected to the tests described below.

1807 Peel Test on a Stainess Steel Plate 20 minudes:

The achesive strength is evaluated by the 180° peel test on a stainless sieel
plate as described in FINAT method No. 1 published in the FINAT Tochnical
Manual, &Nadition, 2001, FINAT is the international federation for self-adhesive
1abel manufacturers and converters. The principle of this test is the following.

A test specimen in the form of a rectangular sirip (25 mm X 175 mm} is cuf
from the PET carrier coated with the cured composition obtained previously. This
test specimen is, after the preparation thereof, stored for 24 hours at a temperature of
23°C and in a 50% humidity atmosphere. It is then fastened over two-thirds of its
length to a substrate constituled of a stainless stecl plate. The assembly obtained is
foft for 20 minutes at room temperature. It is then placed in a tensile testing machine
capable, 'étm‘iﬂg from the end of the rectangular strip that is left free, of peeling or
debonding the strip at an angle of 180° and with a separation rate of 300 mm per
winute, The machine measures the force required lo debond the strip under these
conditions.

The corresponding results are expressed i N/em and are indicaled in table 3.
The examples 2, § and 6 show a cohesive failure (CF), there is a rupture within the
adhesive composition. On the contrary, the examples 1, 3, 4 and 7 10 13 show a cloan
panel (CP} which mean that the cross-linking s sufficiently high o avoid the rupture

in the adhesive joint,
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180° Peel Test on a Staindess Steel Plate 24 hours:

The same test as before is performed on the adhesives of examples |, 3, 4 and 7
to 13 but the test is conducted 2 days after their preparation and the assembly is left
for 24 hours at room temperature.

The comresponding results are expressed in N/em and are indicaled in table 3,
wherein the failure profile is also mentioned.

Tack Test {(Alse Bnown as Loop Test):

The tack is evaluated by the loop tack test described in FINAT method No. 9,
the principle of which is the following,

A test specimen in the form of a rectangular strip (25 mm » 175 mm) is cut
from the PET carrier coated with the cured composition obtained previcusly. This
test specimen is, after the preparation thersof, stored for 24 hours at a temperature of
23°C and in a 50% humidity atmosphere, The 2 ends of this strip are joined so as io
form a loop, the adhesive layer of which is facing outward. The 2 joined ends are
placed in the movable jaw of 2 tensile testing machine capable of imposing a rate of
displacement of 300 mm/minuie along a vertical axis with the possibility of moving
back and forth. The lower part of the loop placed in the vertical position is firstly put
into contact with a horizontal glass plate measuring 25 mm by 30 mm over 8 square
area measuring around 25 mm per side. Once this contact has ocourred, the
displacement direction of the jaw is reversed. The tack is the maxinurn value of the
force needed for the loop to be completely debonded from the plate.

The comresponding results are expressed in N/em and are indicated in table 3.
The failure profile s also indicated in table 3. Indeed, when the test is performed
with an article obtained by the process of examples 2, 5 and 6, residues persist onto
the plate; those kinds of adhesives are not useful because of the residues of adhesive
which can be transferred from the article to the fingers or to the environment
surfaces, for example during storage and transport. On the contrary, for examples 1,
3, 4 and 7-10, there are no residues (CP) onto the glass plate in the end of the test.

Resistance Time of the Adhesive Joint to Static Shear at 23°C:

The stability of the adhesive strength of the PET carrier coated with the cured
composition is evaluated, no later than one bour afler it is obtained, by a test which
determines the resistance time of the adhesive joint to static shear at 23°C,

Reference is made, for this test, to the FINAT method No. & The principle is
the following.

A test specimen in the form of a rectangular strip (25 mam X 75 mu) is cut from
the PET support layer coated with the cured composition prepared previously, at
most one hour after the preparation thereof. A square portion of 25 mm per side

located at the end of the adhesive strip is fastened to g glass plate. The test plate thus
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obtained is maintained in a vertical position and the strip left free is connected to a
weight of tkg. Under the effect of this weight, the adhesive jomnt which ensures the
fastening of the strip to the plate is subjected to a shear stress. To better conirol this
siress, the test plate is in fact placed so as to make an angle of 2° relative to the
vertical.

The time taken for the strip to debond from the plate following the rupture of
the adhesive joint under the effect of this stress is noted. This time is indicated in the
table.

The corresponding results are shown in table 3. The self-adbestve atlicles of
examples 1, 3, 4 and 7 to 13 have a good resistance to shear stress, even when the
test i performed only one hour afler the preparation of the article; indeed, the
resistance to shear stress is superior to 10 days. On the contrary, in the process of
comparative examples 2, 5 and 6, the oblained articles have a resistance to shear
stress inferior to 1 minute. This test demonstrates that in a non moisturized apparstus,
the adhesive layer obtained after the curing step is not sufficiently oross-linked.

Resistance Time of the Adhesive Joint to Static Shear at 90°C:

The same test as before is performed on the adhesives but the test is conducted
{ day after the preparation of those adbesives and the test plate submitted to a weight
of 1 kg is maintained at a temperature of 90°C.

The results are shown in table 3 and confirm the good cross-linking of the

achesive layer in moisture-vontaining apparatus {examples 3, 4, 7 0 13).
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Comparative example 1 shows that when the curing performed at atmospheric
hurnidity, such as 2% of molecules are water molecules, a longer residence time is
needed, here 30 seconds, than when curing is performed within a humid atmosphere, in
which 60% of molecules are water molecules, such as in examples 3 and 4 in which the
residence time is only 20 seconds.

Comparative example 6 shows that a higher temperature, such as 140°C, does not
enable to obtain a sufficiently cured article. Indeed, comparative example 6 has a Shear
Resistance time at 23°C of less than 1 minute and the Peel Test a 180°C leads to a
cohesive failure.

Comprises/comprising and grammatical variations thereof when used in this
specification are to be taken to specify the presence of stated features, integers, steps or
components or groups thereof, but do not preclude the presence or addition of one or more

other features, integers, steps, components or groups thercof.
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THE CLAIMS DEFINING THE INVENTIONARE AS FOLLOWS:

1. Process for manufacturing a self-adhesive article comprising at least a substrate and an
adhesive layer, said process comprising the steps of;

a) conditioning an adhesive composition, comprising at least a silyl-containing
polvmet, a tackifving resin and a catalyst, ‘at a temperature of between 20 and
160°C;

b) coating the adhesive composition-onta:
bl) at least a part of the substrate; or

b2) onto a non-sticking support;

c} submitting the article obtained at step b) to a temperature comprised between 20
and 200°C and to a humidity level characterized by an atmosphere in which
between 10 and 100% of the molecules are water molegules: and

ifb2) is chosen; then
d) depositing the substrate onto the adhesive composition before step ¢) or onto the

adhesive layer after step ¢).

2. Process according to claim 1, further comprising a step ¢) of submitting the article

obtained afler step ¢) to a temperature comprised between 20 and 200°C, preferably between

30 and 180°C, more preferably between 40.and 160°C,
3. Process according to claim 1 or 2, wherein the coating at step bl) is performed onto at
least 50% of the subsirate, preferably at least 75% of the substrate, more preferably at least 95% of

the substrate.

4, Process according to any one of claims 1 to 3 wherein the coating of the substrate is

performed onto at least a part of both sides of the substrate.

5. Process according to any one of ¢laims 1 to 4, wherein the substrate is a grid or mesh or a

nop-woven substrate.

6. Process according to any one of claims | to 4, wherein the substrate is a release liner.
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7. Process according to any one of claims 1 to 6, wherein at step bl) or b2) the quantity of
adhesive composition coated on the substrate or non-sticking support, is comprised between 10
and 1500 g/m?, preferably between 50 and 1400 g/m?, more preferably between 600 and 1300
gt

8. Process according to any one of claims 1 to 7, wherein at step ¢} the humidity level is
characterized by an atmosphere in which between 10 and 90% of the molecules are water
molecules, preferably between 15 and 70% of the molecules are water’ molecules and ‘the

temperature is comprised between 30 and 180°C, preferably between 40 and 160°C.

9. Process according to any one of claims 1 to 8, wherein step ¢) is performed in an

apparatus equipped with an external ventilation circuit comprising a heat exchanger.

10, Process according to the preceding claim, wherein steam is injected into the external

ventilation circuit.
11, Process according 1o the preceding claim, wherein steam 1s dry vapour.

12. Process according to claim 10 or 11, wherein steam injection is regulated by a

Proportional-Integral-Derivative controller.

13. Self-adhesive article capable of being obtained by the process according to any one of
claims 1 to 12, comprising at least a substrate and an adhesive layer, wherein the coating weight of
said adhesive layer is comprised between 600 and 1500 g/m?, wherein the adhesive layer is
obtained by curing an adhesive composition comprising at least a silyl-containing polymer, a

tackifying resin and a catalyst.

14 Self-adhesive article according to the preceding claim, wherein the coating weight of the

adhesive layer is comprised between 800 and 1300 g/m?.

15.  Self-adhesive article according to claim 13 or 14, wherein the adhesive layer is further

covered with a release liner.
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1o. Self-adhesive article according to claim 13 or 14, wherein the back side of the substrate is

a non-sticking layer.

17, Process for bonding a self-adhesive article according to any one of ¢laims 13 to 16 onto a
surface comprising the steps of;

a) removing the protective non-sticking layer when said layer is present;

) applying the article onto the surface; and

c) applying a pressure onto the article.
18 Process according to the preceding claim wherein the adhesion of the self-adhesive article
to the surface is characterized by a shear resistance at ambient temperature under 1 kg of higher
than 10 minutes, preferably higher than 1 day, more preferably higher than 10 days.
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Figure 6
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