IMPROVED HIGH SPEED EMBOSSING AND ADHESIVE PRINTING
PROCESS FIELD OF THE INVENTION The present invention relates to
improved processes applying adhesive to thin film webs. BACKGROUND
OF THE INVENTION Three-dimensional sheet materials which
include a thin layer of pressure-sensitive adhesive protected from
inadvertent contact, as well as methods and apparatus for manufacturing
them, have been developed and are described in detail in U.S. Patent
Nos. 5,662,758, i$MPROSERPHMIER SHATDENBUSSIRaAMasuire,
entitled "Composite Matgfig{ Rel¢qsp & ep&soet Surface
When Pressed Thcreag"aMns and Ve mg; 5,871,607, issued
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process g such materials is described in U.S. Patent No. 6,163,918, issued on

February 27, 2001, in the names of McGuire and Bush.
The processes and equipment for manufacturing such materials described in these

patents are suitable for manufacturing such materials, but are either inherently rate limited
or are inefficient processes for use on a large production scale. The process described in
U.S. Pat. 6,163,918 successfully can make the taught product, however problems occur
where the adhesive does not release completely from the female embossing roll over an ‘
extended run of production. This problem of incomplete transfer may occur due to
problems of material incompatibility or the wearing out of previously compatible
material. This results in gradual build-up of adhesive on the roll which in turn result in
misplaced adhesive on the material web or worse, the failure of the web from releasing
from the transfer roll. The speed at which such processes and apparatus can be operated
is a major factor in the economics of producing such materials on a commercial scale.



Accordingly, it would be desirable to provide a process and apparatus

suitable for forming such three-dimensional sheet materials and applying
adhesive at high speed where the release of the adhesive from the

printing roll is improved. SUMMARY OF THE INVENTION  The present
invention provides a process comprising the steps of a) applying less than

about 0.25 gsm of a release agent to a transfer surface, wherein the

release agent is selected such that a test sample of the release agent
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BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims which particularly point out and

distinctly claim the present invention, it is believed that the present invention will be
better understood from the following description of preferred embodiments, taken in
conjunction with the accompanying drawings, in which like reference numerals identify
identical elements and wherein:

Figure 1 is a schematic illustration of the process and apparatus according to the
present invention where the release agent is applied by an application roll;

Figure 2 is a schematic illustration of an alternative process and apparatus according
to the present invention where the release agent is applied by an application roll as part of
a three roller application system.

Figure 3 is a schematic illustration of the process and apparatus according to the

present invention where the release agent is applied by a sprayer or mister.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to processes which provide material web compositions

having applied adhesive.



Figure 3 is a schematic illustration, of the process and apparatus

according to the present invention where the release agent is applied by a
sprayer or mister. DETAILED DESCRIPTION OF THE INVENTION The
present invention relates to processes which provide material web

compositions having applied adhesive.  As used herein, "material web"

refers to any thin, permeable or impermeable substrate to be printed on.

The web may comprise any material, including, but not limited to, paper,
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As used herein, a "neat material” refers to a material substantially free of vehicles or
solvents. :

As used herein, a "liquid mixture" refers to a liquid composition comprising a
vehicle in which a compound is dissolved (solution) or dispersed (emulsion or
suspension).

As used herein, a "test sample” refers to a sample of the release agent, which is used
in selecting the release agent of the present invention, which is at or above its critical
surface tension concentration. The sample may be either a liquid mixture of the release
agent at or above its critical surface tension concentration or a sample of the neat release
agent material itself, which by definition is undiluted and therefore has a concentration
above the agent's CSTC.

As used herein, the "surface tension” of a liquid is the result of cohesive forces at
the liquid/air surface and is the force, in dynes, required to break a surface film of a fluid
1 cm long. For example, the surface tension of water is 72 dynes/cm at 25°C.
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As used herein, a "test sample" refers to a sample of the release agent,

which is used in selecting the release agent of the present invention,

which is at or above its critical surface tension concentration. The sample

may be either a liquid mixture of the release agent at or above its critical

surface tension concentration or a sample of the neat release agent

material itself, which by definition is undiluted and therefore has a

concentration above the agent's CSTC. As used herein, the "surface
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Where the application of the release agent is continuous, the rate of addition of the
release agent is such that an equilibrium is established where the release agent added is
roughly equal to the amount of release agent transferred to the web. For continuous
applications, the release agent of the present invention is delivered to the transfer surface
at a rate of less than about 0.25 grams of release agent per square meter (gsm), preferably
less than about 0.10 gsm, more preferably less than about 0.05 gsm, even more preferably
less than about 0.01 gsm, and most preferably less than about 0.005 gsm. The release
agent is delivered to the transfer surface at a rate greater than about 0.00001 gsm,
preferably greater than about 0.0001 gsm.

The rate of addition of the release agent to the transfer surface may be measured in

‘several ways, but the preferred method is by mass balance on the release agent around the
application process. The measurement should be made after the process has stabilized
into its running conditions, where over time all of the material added to the process is
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Where the application of the release agent is continuous, the rate of

addition of the release agent is such that an equilibrium is established

where the release agent added is roughly equal to the amount of release

agent transferred to the web. For continuous applications, the release

agent of the present invention is delivered to the transfer surface at a rate

of less than about 0.25 grams of release agent per square meter (gsm),
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surface in the form of a liquid mixture or-as a neat material. Where the

release agent is applied as a neat material, the agent is applied directly to

the transfer surface. The release agent may be applied by extruding,

spraying, or misting, or by using a applicator roll, optionally supplied by a

roller stack which delivers low levels of material. Preferably the release

agent material or mixture is applied using an applicator roll which transfers
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Where a liquid mixture is used, the vehicle can be any solvent capable of
dispersing or dissolving the selected release agent. Preferably the vehicle

of the mixture is selected from the group consisting of water, C2-C4

alcohols, volatile hydrocarbons, esters, ketones, ethers, and mixtures

thereof. Most preferably the vehicle is water. The mixture used in the

present process may have any concentration which optimizes fluid

handling as long as the desired amount of release agent is delivered to
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above its critical surface tension concentration forms a contact angle with the material of
the transfer surface of less than about 120° preferably less than about 90°, more
preferably less than about 75°, even more preferably less than about 50°, and most
preferably less than about 20°. The release agent may also be selected such that the test

sample has a surface tension of less than about 50 dyne/cm, preferably less than about 40
dyne/cm. Preferably the release agent is selected such that the test sample both forms a
contact angle less than about 120°, preferably less than about 90°, more preferably less
than about 75°, even more preferably less than about 50°, and most preferably less than
about 20° and has a surface tension less than about 50 dyne/cm, preferably less than about
40 dyne/cm. 1t is noted that the test sample used to determine the optimum release agent
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silicone oils, used neat, such as SF18-350(r) from General Electric, or as

found in emulsions, such as SM2128(r) from General Electric, mineral

oils, used neat, such as Kaydolo from Crompton Corp. or as emulsion, -
polyether-silicone copolymers, such as Q4-3667 from Dow Coming, -

block copolymer surfactants, such as P1230, L-620, L-64(r), L-44o0,

17R4e, and 10R-50 from BASF, phosphotidylcholines, as found in

solutions such as Lecithin(r) from Lucas Meyer, and Precept 8160(r) from
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A1661020Rambai 00. Especially preferred are Fluorolink 7006(r), Fluorolink

700704 Fluorol ? g?_lcﬁl #’f&@ﬁ% %nf&i%ﬁoﬁﬁécﬁ%&ocfﬁg%éﬁts'?]8&%«@ from

Inc. MOS? régerre
Cytonix Corp Fluorad® FC-4430 and FC-4432 from 3M, and Zonyl® FSP from DuPont,

- surfactants, including anionic surfactants (such as those found in Cinch® and
Dawn® from The Procter & Gamble Company), nonionic surfactants, cationic
surfactants, zwitterionic surfactants and combinations thereof,

- silicone oils, used neat, such as SF18-350® from General Electric, or as found in
emulsions, such as SM2128® from General Electric,

- mineral oils, used neat, such as Kaydol® from Crompton Corp. or as emulsion,

- polyether-silicone copolymers, such as Q4-3667 from Dow Corning ,

- block copolymer surfactants, such as P123®, L-62®, L-64®, L-44®, 17R4®, and
10R-5® from BASF,

- phosphotidylcholines, as found in solutions such as Lecithin® from Lucas Meyer,
and Precept 8160® from Central Soya,

- waxes, such as those found in emulsions such as Polygen® Wax Emulsion,
and mixtures thereof. Preferred release agents are selected from the group consisting of
perfluoropolymers having the formula:

X-CF20-(CaF40),-(CF20)4-CF2-X

where the end groups, X, are selected from the group consisting of phosphorous moieties,
alkyl amide moieties, silane moieties, or mixtures thereof; the ratio of p:q ranges from
about 0.5 to about 1.5, preferably from about 0.8 to about 1.1, and more preferably from
about 0.9 to about 1.05; and the polymer has a weight average molecular weight ranging
from about 1500 fo about 5000, preferably from about 2000 to about 3500, more
preferably from about 2400 to about 3100. Especially preferred are Fluorolink 7006,
Fluorolink 7007®, Fluorolink A10®, Fluorolink F10®, Fluorolink S10® from Ausimont,
Inc. Most preferred is Fluorolink F10®.



As indicated above, the selection of the release agent may be optimized

based on the material chosen for the transfer surface. The transfer

surface may be made of a wide range of materials, ranging from metals,

such as steel, chrome, aluminum, or nickel; polymers or elastomers, such

as plastics, rubbers or polyurethane; ceramics or wood. The transfer

surface may comprise metal-plated rolls such as nickel or chrome plated

steel rolls. The transfer surface may also be made of a combination of
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PREFREBSE NN YRHRS alsthepnpesemibatRIgaliapP g adiesipeliRies release
ransfer lsnun‘t%: OEQI% process of the present invention may be used to

t
agce . . . . .
t?ans er any adhesive material. Adhesive materials include all materials

typically considered for ugéqg%)ci%@%e@%t@ﬁagfh@(material web here,
wherdathetedrfgomupEhese anclubesdoubarai not lithdechtsegltesdad hiwface.  Most
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M ugtr%r/?t 7 MiiGEs Yofler %Bplicgﬁlon,ee roehorT OB 8of pgaass. Y |oiymer, or
Prsiesmer 6nethE prasdianmsibid i My saAe0 it Hods2bp et asion Pkgmmide; or the
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invention comprises a continuous process where the transfer surface is a

roller which inuously receives adhesive from the adhesive application
%Pgié%%%ﬁ\%%ﬁ%ﬁn its rotation and transfers the adhesive to the

matekizd prebeas aidheanespaimnyatoralsasonpsises thh stppedapplyveshadiesive to
isePti@fRfebRirface. The process of the present invention may be used to transfer any
adhesive material. Adhesive materials include all materials typically considered for use
to adhere one material, the material web here, to a target surface. These include, but are
not limited to, glues and hot melt pressure sensitive adhesives.

The adhesive may be applied to the transfer surface by any conventional application
method known in the industry. This includes roller application, extrusion, brush, or pads.
The process of the present invention may be a continuous operation or an individual sheet
operation.

A preferred embodiment of the present invention comprises a continuous process °
where the transfer surface is a roller which continuously receives adhesive from the
adhesive application process at one point in its rotation and transfers the adhesive to the
material web at a second point. The release agent of the present invention is preferably



continuously or intermittently applied to the transfer roll surface at a third
position in the rotation, preferably at a point before the adhesive is
applied. Transfer of substance to material web The process of the
present invention also comprises the step of transferring the adhesive
from the transfer surface to the material web. Again, this transfer may be
accomplished by any means known in the industry. Preferably, the
adhesive is transferred by passing the material web over the transfer roll
cﬂrﬂimouenerairﬁmeastenﬂﬂgpreﬂ loahd Zatlsfetradt], soriceematihifdrposition in the
Rxamplibambadimensinl jor R BLeSHRR8%:ARRRKRIUS 10 of the present
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adhesive 40 travels with the female embossing roll surface to station 5,

WINers it is combined with the polymer web 50 which is carried into station

5 via male embossing roll 16.  In the embodiment shown in Figure 1, at
station 5, the polymer web 50 is embossed and printed with the adhesive

40 simultaneously to form an adhesive coated web 60. The web 60, still

glued to the female embossing roll 15, travels to station 7, where it is

stripped off the female embossing roll 15 via strip-off roll 18. The process

may also include an optional pressure roll 17 which applies pressure to

the glued portion of the web between the embossment and the strip off
roll The finiched adhececivve-roated weh GO then mav travvel t0 an ontinnal




In these embodiments, when the female roll is metal, the adhesive

application roll 14 may be a rubber coated steel roll. The rubber coating is
preferably ground to achieve approximately 0.001 inches total indicated

runout (TIR) tolerance. The nip may be controlled in the machine with

precision wedge blocks. A rubber coating may be utilized to (1) protect the
coating on the female embossing roll 15 from damage due to

metal-tometal contact and (2) allow the adhesive application roll to be very
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surfaces of the embossing rolls are ground to a 0.0005 inch TIR runout
tolerance. The engagement may be contfblled in the machine with
precision wedge blocks. The engagement of the embossing rolls generally
governs the final caliper of the film (i.e., the final height of the
embossments).



Another important criteria to the making of the embodiment where the web
material is both embossed and printed with adhesive, is the fit or
correspondence between the male and female embossing rolls. One
useful technique used with metal rolls, is to form one roll via a
photoetching process and utilize this roll as a "master" to form the other
roll as a negative image. The equipment can also be designed so as to
maintain precise synchronization of the mating embossing rolls. When
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TEST METHODS As used herein, the "surface tension" of a liquid is
the result of cohesive forces at the liquid/air surface and is the force, in
dynes, required to break a surface film of a fluid 1 cm long. For example,
the surface tension of water is 72 dynes/cm at 25C . Surface tension is
measured for application in the present invention, using a tensionometer,
such as with a Fisher Scientific Surface Tensionrnat Model 21 utilizing the
standard test method described in ASTM D971 where the oil/water fluid is

Subs%ﬂéeagrg)éﬁpgrt3§%se%r§ep§x§%%%é§% e@gqﬂé ale’%ﬁx&'?ﬁg}:ﬁg e%'ﬁ)’ossmg rolls
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tom ngI oniometer, saVC Q0XE Vide
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gﬁ@*é"rls‘ﬁﬁeoé\%?é"d@ & fvthadipabheighhod r?fﬁ#%ﬂ%?&?ﬁﬁ‘i%) -of 1 microliter,
Standenatbesimpethad A3EHA 59&& desanef tirecabbdioeat wictesthe web material

gg&h%ﬁ%%@&e%& '@t{ﬂ%ﬁf@%&ﬁé&%@ g%ﬁ%ﬁéﬁ%%@;ﬁ%@ﬁ&@%ween the male
Sur.
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an ao?hes e to the transfer Surface;
patterns are applied to the transfer surfaces by laser engraving.

The embossing and adhesive rolls may be individually heated and controlled to
allow precise control of adhesive transfer temperatures and embossing roll release
temperature.

In certain preferred embodiments, the use of mated male and female embossing rolls
with complementary pattern shapes fully supports the thin film web during the embossing
and adhesive process step to ensure that the forces are properly distributed within the film
material. Full support of the web, as opposed to thermoforming or vacuum forming a
film with an open support structure such as an apertured belt or drum wherein the portion
of the web being deformed into the apertures or recesses is unsupported, is believed to
allow an increase in the rate at which strains are imparted to the web without damage to
the web and thus allow for higher production speeds. Simultaneous application of the
adhesive to the film during an embossing step may provide more precise registration of
the adhesive on the undeformed portions of the web between embossments.

Precise control over the adhesive, particularly the thickness and uniformity of the
adhesive layer applied to the female embossing roll, is one factor in producing a product
at high speed. Especially in the case of embodiments having very low add-on levels of
adhesive, even slight variations in the thickness of the adhesive during transfers from roll
to roll can result in coverage gaps by the time the adhesive is applied to the embossing
roll. At the same time, such variations can lead to excess adhesive in certain regions of
the embossing roll which could either contaminate the recesses in the roll or result in
incomplete adhesive transfer to the web and a buildup of adhesive on the embossing roll.
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c) transferring the adhesive from the transfer surface to a material web;

and d) embossing the material web. 2. A process according to claim |

wherein the release agent is applied as a neat material. 3. A process

according to claim 1 or claim 2 wherein the release agent is applied to the

sfer surface in the form. of a liguid, mixture additionally comprising a w

AT S T B TR SR S I T IR e
releaskatierityid igdibbinsthesters;fketorfes; byhessrayed Mixtures thereof. 4. A

prqgl S§r8&§s% Hafgt e Xs%ﬁ%qﬁvgﬁﬁﬁg%é Clé%)lrnr}srygg ecr(e)ﬁ%itsrt]eo ,%95585 ist essentially

surface is made from a material selecte r*rom e group consisting o?
of ietakenpolystvanintnatelhisjtetastonfelic imateticts|cerdmitbewondsorell as any of
the FHd 5*&'&?&1%?%&%%&&?%&&8{898&&@&1?8{8!’L? 10,30 AL RIBVIGYS rcin.

claims wherein the release agent is Selected from the group consisting of

flubdbcegtsentagserfRistopuldethtes, arioric weighttantshsiliothecogposition, unless
otheab{@éfg%réa%an%pﬁ?&}{%@@%@@ﬁ YRGS B@&ﬁp&%vgm'aﬁglg%g%ased on the

waxes, esters, mineral oils, emulsions reof and mixtures thereof 6. A

spegtbedseragisaidivistanhytisrederpréioas irlie sohereltheamaersfdry-products, filler
or MJ?E%A%&&&&&I%YQ'H&@H{@% ir?cl@d@ﬁqw&ﬁﬁﬁg]gﬁql%? &aﬂgglgfrﬁggerials, unless

previous claims wherein the release agent has the formdla:
otherwise specified.

While particular embodiments of the present invention have been illustrated and
described, it will be obvious to those skilled in the art that various changes and
modifications may be made without departing from the spirit and scope of the invention, and
it is intended to cover in the appended claims all such modifications that are within the
scope of the invention.

TEST METHODS

As used herein, the "surface tension" of a liquid is the result of cohesive forces at the

liquid/air surface and is the force, in dynes, required to break a surface film of a fluid 1 cm
long. For example, the surface tension of water is 72 dynes/cm at 25°C . Surface tension is
measured for application in the present invention, using a tensionometer, such as with a
Fisher Scientific Surface Tensionmat Model 21 utilizing the standard test method described
in ASTM D971 where the oil/water fluid is substituted by the test sample of the release agent.
As used herein, the "contact angle" is defined as the angle between the material
comprising the transfer surface and the tangent line drawn to the droplet surface at the three
phase point when a liquid drop is resting on a plane solid surface of the material. The
contact angle is measured using an automated contact angle goniometer, such as a VCA
2500XE Video Contact Angle System from AST Products (Billerica, MA). The contact
angle is the average of five droplets with a nominal volume of 1 microliter. Standard test
method ASTM 5946 describes the test procedure using water and treated films. The contact
angle of the release agent test sample on the transfer surface of the present invention is
measured by this process substituting the release agent sample for water and the transfer

surface material for the treated films.
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MC SLLP X-CF20-(C2F40)r(CF20)4-CF2-X  where the end groups, X,

are selected from the group consisting of phosphorous moieties, alkyl MCSLLP
amide moieties, silane moieties and mixtures thereof; the ratio of p:q

ranges from about 0.5 to about 1.5 and the release agent has a weight

average molecular weight ranging from about 1500 to about 5000. 8. A

process according to claim 7 wherein the transfer surface is a metal,
pr@fé?%isteel, and X is a phosphorous moiety. 9. A process according

to claim 7 wherein the transfer surface is a polymeric or elastomeric

material and X is a silane moiety. 10, A process according to claim 7
whereift #i8shesa Rt fstiBdatand X is a alkyl amide moiety:

a) applying a release agent to a transfer surface, where the transfer surface is an
embossing surface;

b) applying an adhesive to the transfer surface;

¢) transferring the adhesive from the transfer surface to a material web; and

d) embossing the material web.

2. A process according to claim 1 wherein the release agent is applied as a neat

material.

3. A process according to claim 1 or claim 2 wherein the release agent is applied to
the transfer surface in the form of a liquid mixture additionally comprising a vehicle
selected from the group consisting of water, C,-C4 alcohols, volatile hydrocarbons,

esters, ketones, ethers, and mixtures thereof.

4. A process according to any of the previous claims wherein the transfer surface is
made from a material selected from the group consisting of metals, polymeric materials,

elastomeric materials, ceramics, wood, or combinations thereof.

5. A process according to any of the previous claims wherein the release agent is
selected from the group consisting of fluorocarbons, perfluoropolyethers, anionic
surfactants, silicone oils, polyether-silicone copolymers, block copolymers,
phosphotidylcholines, waxes, esters, mineral oils, emulsions thereof and mixtures

thereof.

6. A process according to any of the previous claims where the transfer surface 1s

also a forming surface.

7. A process according to any of the previous claims wherein the release agent has

the formula:
14



11. A process according to claim 7 wherein the transfer surface comprises
embedded metal oxide particles, preferably metal oxide particles MCSLLP
empedded in polymeric or elastomeric material, and X is a phosphorous
moiety. 12. A process according to any of the previous claims wherein the
application of the release agent to the transfer surface is continuous. 13.

A process according to any of claims 1 rejn the steps of the
applicatiqn of release age%fﬁﬁ@é@ﬂ%ﬁﬁ@ﬁ@%vgg)ﬂé@@%%and the transfer
:)r: adhgsive qgﬁmﬁgmﬂmngguﬁwaedabﬁm thespratpditfesetinip catibaspirprous

e process, 14. A process according to any of the previ lai : X
mﬁ@f@iﬁ%@@l@%@a@@ﬁ%@aﬁ %&1?81 Ugstreglr?s%lrxgﬁrr a%cii:'é e;% gr{lH Bratio of pig
appligatapseieeiac fiom dheugtolipndahsistingsofague hmeabiel giyplicatignmolecular

roller, an impermeable application yoller, prayer, an extruder, an
a@%%ﬁ%%%%?%ﬁ%ﬂ‘g@, %&Fgr%%fﬁtﬁ(@ a?pplicator is an impermeable
applicator roller comprising polymeric or elastomeric material embedded

with metal oxide particles. MCSLLP .15..A pro ing.t '
herein SO TR P T b s AL ST 1o R, perably

mﬁb‘étgmﬁdoﬂﬁa ph6sph@acessiatcording to claim 15 wherein the
metering rollers comprise a polymeric or elastomeric material embedded
with metal oxide particles.

9. A process according to claim 7 wherein the transfer surface is a polymeric or

elastomeric material and X is a silane moiety.

10. A process according to claim 7 wherein the transfer surface is wood and X is a

alkyl amide moiety.

11. A process according to claim 7 wherein the transfer surface comprises embedded
metal oxide particles, preferably metal oxide particles embedded in polymeric or

elastomeric material, and X is a phosphorous moiety.

12. A process according to any of the previous claims wherein the application of the

release agent to the transfer surface is continuous.

13. A process according to any of claims 1 to 11 wherein the steps of the application
of release agent, the application of adhesive, and the transfer of adhesive occur

simultaneously and continuously at different locations in the process.

14. A process according to any of the previous claims wherein the release agent is
applied to the transfer surface by an applicator selected from the group conSisting ofa
permeable application roller, an impermeable application roller, a sprayer, an extruder,
an absorbent pad, or brushes, preferably the applicator is an impermeable applicator

roller comprising polymeric or elastomeric material embedded with metal oxide

particles.
15



MCSLLP

15. A process according to claim 14 wherein the applicator roller is supplied with

release agent by one or two metering rollers.

16. A process according to claim 15 wherein the metering rollers comprise a

polymeric or elastomeric material embedded with metal oxide particles.
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