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HEAT CURABLE ADHESIVE FILM

BACKGROUND OF THE INVENTION
The invention relates to an adhesive film that is one layer, including at least two

different adhesives where one adhesive is partially embedded within the other adhesive,

SUMMARY OF THE INVENTION

In one aspect, the invention features an adhesive film including: a first heat curable
adhesive composition; and a second adhesive composition different from the first, the
adhesive film being one layer, and one of the first or second adhesive compositions being
partially embedded within the other; the first heat curable adhesive including: a surface-
deactivated solid isocyanate; and a polymer reactive with isocyanate functionality. Inone
embodiment, the partially embedded adhesive composition is present in discrete domains. In
another embodiment, the discrete domains are in the form of dots.

In one embodiment, the polymer reactive with isocyanate functionality is a
polyurethane. In another embodiment, the first heat curable adhesive comprises at least
about 60% by weight of a polyurethane, based on the weight of the heat curable adhesive. In
a different embodiment, the polyurethane has a weight average molecular weight of no greater
than about 100,000 g/mole and an enthalpy of fusion of at least about 25 J/g. In another
embodiment, the heat curable adhesive is derived from an aqueous composition comprising a
surface-deactivated solid isocyanate derived from an aromatic isocyanate, an aliphatic
isocyanate, or a combination thereof, and a polyurethane having an enthalpy of fusion of at
least about 25 J/g. In another embodiment, the polyurethane is derived from a crystalline
polyester polyol and an isocyanate. In still another embodiment, the composition further

comprises a second polymer.

SUBSTITUTE SHEET (RULE 26)
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Iu one embodiment, the secoud adhesive comaposition is a tacky adhesive coraposition.
in one ecmbodiment, the tacky adhesive composition comprises polyurethane, polyacrylate, or
a combination thereof,  In still another ermbodiment, second adhesive composition is a
second heat curable adhesive composition.

In one embodiment, the adhesive film 1s supplied oun release Huer, 1n another
covbodiment, the adhesive film has a thickness of from about 10 microns to about 200
MIcTons,

In another aspect, the invention {eatures an adhesive film made by a process
comprising the following steps: coating a second adhesive composition in discrete domains
onto a release liner, and; coating a fivst heat curable adhesive directly over the second
adhesive composition to form an adhesive film that is one layer; the second adhesive
compostiion and the first heat curable adhesive composition being different tror each other
and the first heat curable adhesive composition comprising a surface-deactivated solid
isocyanate and a polymer reactive with isocyanate functionality,

In one embodiment, the polymer reactive with 1socyanate functionality is a
polyurcthane. In another embodiment, the second adhesive composition is a tacky adhesive
composition. In one embodiment, the second adhesive is exposed on one major surface of the
adhesive film. In a different embodiment, the sccond adhesive is exposed on both major
surfaces of the adhesive .

in another aspect, the invention features a method of making an article baving a first
substrate and a second substrate, the method comprising: contacting the first substrate with
the tacky adhesive composition of the adhbestve film; heating the adhesive film to a first
temperature sufficient to render the first heat curable adhesive of the adhesive film tacky; and
countacting a second substrate with the first heat curable adhesive of the adhesive film. In
another embodiment, the method additionally includes heating the article to a second
teraperature so as to cure the first heat curable adhesive. In ove exabodivuent, the first
temperature s at least about 30°C. In another embodiment, one of the first substrate and the

second substrate 18 rigid and the other of the first substrate and the second substrate 15 flexible.
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Iu yet another aspect, the inveuntion features a method of making an article having a
first substrate and a second substrate, the method comprising: contacting the first substrate
with the tacky adhesive composition of the adhesive filny contacting a second substrate with
the first heat curable adhesive of the adhesive film; and applying pressure and heat to the
assembly to form a permanent adhesive bond between the substrates,

Since the adhesive film is one layer it can form a bond with less pressure as opposed
to a nulti-layer adhesive film where one adhesive is deposited in discrete domains on top of

ihe other adhesive.

GLOSSARY

The term “self-supporting adhesive flm”™ means an adhesive film that maintains it
integrity in the absence of any substrate,

The term “aqueous dispersion” means an aqueous dispersion, agueous emulsion,
aqueous suspension, or agueous solution,

The term “permanent adhesive bond” means an adhesive bond that either canunot be
altered or cxhibits damage to either the adhesive or a substrate bonded to the adhesive when
an atierupt 1s made to alter the bond.

Other features and advantages will be apparent from the following description of the

drawings, the preferred embodiments, and from the ¢lairms
o )

BRIEF DESCRIPTION OF DRAWINGS
Fig I 1s a side view of a adhesive film with the partially embedded adhesive only
exposed on one major surface of the film.
Fig 2 is a side view of a adhesive film with the partially embedded adhesive exposed
on both major surfaces of the film.
Fig 3 1s a top view of the first major surface ot a adhesive film with the partially

embedded adhesive
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DETAILED DESCRIPTION

ADHESIVE FILM

The adhesive film includes at least two adhesives. One of the adhesives, is a first heat
curable adhesive. The other adhesive 1s the second adhesive.

One of the adhesives is partially embedded within the other, primary adhesive. The
second adhesive can be the partially embedded adhesive and the first heat curable adhesive can
be the primary adhesive. Alternately, the first heat curable adhesive can be the partially
embedded adhesive and the second adhesive the primary adhesive,

The partially embedded adhesive composition is not present as a separate layer, rather
it is partially surrounded by the primary adhesive.

The partially erobedded adhesive is exposed on at least one wajor surface of the
adhesive film. Alternately, the partially embedded adhesive is exposed on both major surfaces
of the adhesive film.

The partially embedded adhesive can be present in discrete domains including ¢.g.
random, splatter, dots, siripes {¢.g. parallel lines}), spirals, dashes, wrregular shapes, 1slands,
frames and combinations thereof.

The second adhesive composition can be a tacky adhesive composition.  Alternately,
the second adhesive composition can be a second heat curable adhesive with different properties
from the first. Alternately, the second adhesive composition can be any adhesive different from
the first heat curable adhesive,

The adhesive film can include a layer comprising an adhesive composite including a
first major surface, a first heat curable adhesive, discrete domains of 3 second adhesive
composition disposed in the first heat curable adhesive composition such that the first heat
curable adhesive composition partially surrounds the discrete domains and at least a portion of

the discrete domains are exposed at the first major surface.

4
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The adhesive film can wnclude a layer comprising an adhesive composite meluding a
first major surface, a second adhesive, discrete domains of a first heat curable adhesive
compostiion disposed in the second adhesive composition such that the second adhesive
composition partially swrrounds the discrete domains and at least a portion of the discrete
domatns arc exposed at the first major surface.

The adhesive {ilm can be supplied on release liner or alternatively can be supplied as a
self-supporting adhesive film,

In one embodiment, the second adhesive composition is a tacky adhesive composition
and is embedded within the first heat curable adhesive, The tacky adhesive can be used to
roautiain a first substrate in a fixed position. Alternately, if the tacky adhesive is exposed on
both major surfaces of the film it can be used to maintain two substrates in a fixed position.
Preferably the tacky adhesive of the adhesive film can be used to form a tacky adhesive bond
to a first substrate. The heat curable adhesive, when heated, can be used to forma bond toa
second substrate. The bonds formed by the adhesive tilm can be uncured or cured.

The adhesive filra can be heated to a temperature ¢.g., at least 60°C, or at least 70°C,
or from about 60°C to about 180°C, or from about 70°C to about 120°C, or from about 70°C
o about 110°C, or in some embodiments, from about R0°C to about 118°C to activate the
cure of the heat curable adhesive film, and form a cured bond with the second substrate.

Alternatively, the adhesive filva can be subsequently heated to a first teraperature (1.e.,
a temperature greater than room temperature) such that the heat curable adhesive film exhibits
tack, and then, subsequently heated to a second temperature to activate the cure of the heat
curable adhesive film.

The first temnperature is at least 30°C, at feast 40°C, from about 30°C to about 60°C, or
from about 40°C to about 50°C.

The second temperature is higher than the first temperature and is sufficient to activate
the cure of the heat curable adbesive film. The second temiperature preferably s at least 20°C
greater than the first temperature. The second temperature is from about 60°C to about
1RO°C, or from about 70°C to about 120°C, or in some embodiments, from about 80°C to

about 110°C.
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The adhesive i 18 storage stable and remains heat curable when stored at room
temperature (1.¢., from about 22°C to about 25°C).

The adhestve film can have any suttable thickness including, e.g., at least 10 microns
(

b

imy, at least 23um, at least 50um, from about 25um to about 200um, or from about 25um to

about 150pm.

FIRST HEAT CURABLE ADHESIVE

The adhesive film includes a first heat curable adhesive. The first heat curable
adhesive includes a surface-deactivated solid polyisocyanate, and a polymer that includes
functional groups that are capable of reacting with 8ocyanate groups (which 1s also referred
to herein as “polymer reactive with isocyanate functionality™).

The first heat curable adhesive 15 derived from an agueous composition that mcludes a
polymer that includes functional groups that are capable of reacting with isocyanate groups
and a surface-deactivated solid polyisocyanate. The polymer and the surface-deactivated solid
polyisocyanate can be supplied separately as a two part system, and then blended prior to the
formation of the film. Alternately, the polymer and the surface-deactivated solid
polyisocyanate can be supplied as a one part system that inchudes a blend of the polymer and

the surface-deactivated solid 1socyanate.

Polymer Reactive with Isocyanate Functionality

The first heat curable adhesive includes at least 30% by weight, at lcast 50% by
weight, at least 70% by weight, at least 80% by weight, from about 30% by weight to about
97% by weight, from about 50% by weight to about 95% by weight, from about 70% by
weight to about 953% by weight, or from about 80% by weight to about 95% by weight
polymer reactive with isocyanate functionality, based on the weight of the dried heat curable

adhesive.

&
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The polymer is film~formnng and can be a single type of polymer or a blend of at least
two different polymers. The polymer includes functional groups that arc capable of reacting
with 1socyanate functional groups. Uscful functional groups include e.g., hydroxyl, amine,
carboxyl, amide, epoxide, and mercaptan, and combinations thereof.

The polymer can be a polyurcthane. The polyurethane preferably has a degree of
crystallinity and a peak melting temperature that is sufficiently high to allow transportation
and storage of the heat curable adhesive film and also sufficiently low to allow heat activation
and crosslinking of the heat curable adhesive film. One usetul measure of erystallinity is
enthalpy of fusion. The enthalpy of fusion and the peak melting temperature of a
polyurethane is measured using a dried film of the polyarethane. Useful polyurethanes, when
in the form of a dried film, exhibit an enthalpy of fusion of at least 15 Joules per gram (J/g), at
least 25 J/g, from about 15 F/g to about 70 Vg, trom about 25 J/g to about 70 Vg, or from
about 35 J/g to about 70 J/g. Useful polyurethanes, when in the form of a dried film form,
also preferably exhibit a peak melting temperature of at least 30°C, at least 40°C, from about
30°C io about R0°C, or from about 40°C to about 60°C.

The polyurcthane can have a relatively low molecular weight (Mw). Preferably the
polyurethane has a weight average molecular weight of no greater than 120,000 gram/mole
{g/mole}, no greater than 100,000 g/mole, no greater than 90,000 g/mole, or no greater than
80,000 g/mole.

Suitable polvurethanes are derived from a polyol and a polyisecyanate. Examples of
useful polyols include polyester polyols, polyether polyols, and combinations thereofl Useful
polyester polyols include, e.g., crystalline polyester polyvols and amorphous polyester polyols.

Suitable polyester polyols include, ¢.g., polyester polyols derived from linecar
dicarboxylic acids, dertvatives of dicarboxylic acids mechuding cyclic dicarboxylic acids (e.g.,
anhydrides, esters and acid chlorides}, aliphatic polyols, cyclo aliphatic polyols, linear
polyols, branched polyols, and combinatious thereof. Exaruples of useful dicarboxylic acids
from which the polyester polyol can be derived inchude adipic acid, succinic acid, scbacic
acid, dodecanedioic diacid, and combinations thercof. Exaruples of usctul aliphatic diols

from which the polyester polyol can be dertved include ethylene glycol, 1, 3-propanediol, 1,
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4-butanediol, 1, S-pentanediol, 1, 6-hexavediol, neopentyl glycol, and corabinations thereof.
Useful polyester polyols include, ¢.g., polyester polyols derived from 1, 4-butanediol, 1, 6-
hexanediol, and combinations thereol including, ¢.g., polyester polyols derived from adipic
acid and 1, 4-butanediol, adipic acid and 1, 6-hexanediol, adipic acid, 1, 6-hexanediol, and
neopentyl glycol, and combinations thereof.

Suitable polyether polyols include the products obtained from the polymerization of a
cyclic oxide, ¢.z., ethylene oxide, propylene oxide, butylene oxide, and tetrahydrofuran, or by
the addition of one or more such oxides to polyfunctional initiators having at least two active
hydrogens, ¢.g., water, polyhydric alcohols (e.g., ethylene glycol, propylene glycol,
dicthylene glycol, cyclobexane dirnethanol, glycerol, timethylol-propane, pentacrythrito] and
bisphenol A), ethylenediamine, propylenediamine, tricthanolamine, and 1,2-propanedithicl.
Particularly usetul polyether polvols imclude, ¢.g., polyoxypropyicne diols and triols,
poly{oxyethylene-oxypropyvlenedicls and triols obtained by the simultaneous or sequential
addition of cthylene oxide and propylenc oxide to appropriate inttiators and
polytetramethylene cther glycols obtained by the polymerization of tetrabydrofuran,

Useful polyisocyanates have at least two froe isocyanate groups in each molecule and
include, e.g., dilosocyantes, tritsocyanates, hgher order polyisocyanates, and combinations
thereof, Examples of useful polyisocyanates include e.g., aliphatic isocyanates {e.g.
hexamethylene diisocyanate (HB)), tetramethylxylylene diisocyanate (TMX D),
cycloaliphatic isocyanates {e.g., I-isocyanto-3, 3, S-trimethyl-5-isocyanatomethyl-
cyclohexane (IPD1), hydrogenated methylene diphenyl diisocyanate (HixMDH}), heterocvelic
isocyanates, and aromatic isocyanates {(e.g. methylene diphenyl diisocyanate (MDI), toluene
ditsocyanate (TDI)), napthalene-1,5-duisocyanate (ND1), 3,3 -dimethyl-biphenyl-4,4°-
ditsocyanate (TODI), dimeric MDD, the uretdione of MDIE (MDIU), the uretdione of TDI
(TDil)}, 3,3'-diisocyanate-4,4'-dimethyl-N,N'-diphenyl urea (TDIH), addition product of 2
moles of 1-methyl-2,4-phenylene-ditsocyanate with 1 mole of 1,2-ethandiol or 1,4-butandiol;
addition product of 2 moles of M to | mole of dicthylene glycol; and the combinations

thereof,
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The polyurethane can be 1o the form of an aqueous polyurcthane dispersions,
preferably anionic polyurcthane dispersions. Examples of useful commercially available
polyurcthane dispersions include DISPERCOLL US3, DISPERCOLL US6, DISPERCOLL U
KPP 2682, DISPERCOLL U 8755, DISPERCOLL U 2824 XP, DISPERCOLL U 2815 XP,
DISPERCOLL U354, DISPERCOLL U XP 2710, DISPERCOLL U 2849 XP, DISPERCOLL
U42Z AND DISPERCOLL U XP 2643, all of which are available from Bayer Material Science
AG (Germany), WD4047, which is available from HB Fuller Company (St. Paul, MN}; and
LUPHEN 385, LUPHEN 3615, LUPHEN D 207 E and LUPHEN Id DS 3548, all of which
arc avatlable from BASF.

The aqueous coraposition preferably includes at least 15% by weight, at least 25% by
weight, from about 15% by weight to about 60% by weight, from about 25% by weight to
about 60% by weight, from about 40% by weight to about 60% by weight, or even from about
40% by weight to about 50% by weight polyurethane, based on the weight of the agneous

composition,

Surface Deactivated Solid Isocyanate

The first heat curable adhesive portion of the film preferably includes at least 1% by
weight, at least 2% by weight, at least 4% by weight, from about 4 % by weight to about 25%
by weight, from about 4% by weight to about 20% by weight, or even from about 4% by
weight to about 10% by weight surface-deactivated solid isocyanate, based on the weight of
the dried heat curable adhesive film,

The surface-deactivated solid isocyanate i3 in the form of a solid particulate and
functions as a crosslinking agent. Useful surface-deactivated solid isocyanate can be derived
from a polyisocyanate and a deactiving agent.

A variety of polyisocyanates are suitable including, e.g., aliphatic, cycloaliphatic,
heterocyclic, and aromatic isocyanates. Specific examples of useful polyisocyanates include
dimeric 4,4'-MDI, the uretdione of MDI (MDILD, the uretdione of TDI (TDIU)Y, 3,3'-
ditsocyanate-4,4'-dimethyl-N,N'-diphenyl urea (TDIH), the addition product of 2 moles of 1-

methyl-2,4-phenylene-diisocyanate and 1 mole of 1,2-cthandio} or 1,4-butandiol, the addition

g
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product of 2 moles of MDI and 1 mole of diethylene glycol, the isocyanurate of isophoron
diisocyanate (IPDI-T), and combinations thereof.

Commercially available solid tsocyanates that can be surface-deactivated include the
uretdione of TDI {e.g., ADOLINK TT available from Rhein Chemie Rheinau GmBH
{Mannheim, Germany), DANCURE 999 available from Danquinsa GmBH {Germany),
THANECURE T9 (TSE, Clearwater, Florida)), DESMODUR LP BUEI 471, which is a
micronized IPDI-isocyamurate available from Bayer Material Science AG {(Germany);
uretdione of MDI(GRILBOND AZBOND available from EMS-Griltech (Switzerland)) and
ISOQURE TT available from Kautschuk-Gesellschatt (Frankfurt, Germany).

The surface-deactivated solid 1socyanate preferably 1s deactivated by the presence of a
deactivating agent. Useful deactivating agents include, e.g., primary aliphatic amines,
secondary aliphatic amines, diarmnes, polyamines, hydrazine derivatives, amidines,
guanidines, and combinations thereof. Examples of useful deactivating agents include
cthylene dianune, 1,3-propylenc-diamine, dicthylene triamine, triethylenc tetramine, 2,5~
dimethyl-piperazine, 3,3 ~dimethyl-4.4'-diamino-dicylobeyl methane, methyl] novane~diamine,
isophoron diamine, 4,4'-diaminodicyclohexyl methane, diamino polypropylene ether, triamino
polypropylene ether, polyamido arnine, the deactivating agents disclosed 1n US 6,348,548
B1l, and combinations thereof.

The surface-deactivated solid 1socyanates can be prepared according to a variety of
methods inchading, e.g., the processes described in US 6,348,548 B1, which is incorporated
herein by its cutirety.

The surface-deactivated solid isgcyanate can be in a variety of forms inchiding, ¢.g.,
aqueous suspensions, micronized particles, and combinations thereof,

Usetul commercially available surface-deactivated solid 1socyanates include, e.g.,
DISPERCOLL BL XP 2514 {an agueous suspension of surface-deactivated isocyanate
containing approximately 40% of the uretdione of TDI) available from Bayer Material
Science AG (Germany)) and AQUALINK U from Aquaspersions Limited (UK.

The surface-deactivated solid 1socyanate can be blended with the polyurcthane

dispersion 10 form a stable aqueous composition.

16



LA

10

[
N

WO 2016/025603 PCT/US2015/044866

The aqueous coraposition preferably includes at least 0.25% by weight, at feast 8.5%
by weight, at least 1% by weight, from about 8.25% by weight to about 10% by weight, from
about 0.5% by weight to about 8% by weight, or even from about 1% by weight to about 5%

by weight surface-deactivated isocyanate, based on the weight of the aquecus composition.

Additional components

The first heat curable adhesive composition and the agueous composition optionally
include a vanety of other additives 1ncluding, ¢.g., other polymers, catalysts (¢.g. amine
based}, preservatives, pH modifiers (e.g. aqueous ammonia}, adhesion promoters {e.z.
tackifiers, silane containing compounds}, color agents, surfactants, defoaming agents,
fungicides, bactericides, thickening agents, blocking agents and stabilizers (e.g. amines),
fillers (e.g. carbonates, tale, starch}, materials that help the adhesive film to form a barrier
{e.g. nano clay}, insulative materials (e.g. mineral fillers, glass microbubbles), slectric
conductive materials (e.g. various metals (e.g. silver}), and combinations thercof,

A second polymer can be present. Secoud polymers that can be present in the agueous
composition inchade, e.g., polyurethanes that are not reactive with isocyanate functionality;
vinyl acetate ethylene copolymers (VAE); polyvinyl alcohol (PVOH); polyvinyl acetate
{PV Ac}; polyacrylates that are not reactive with isocyanate functionality; acrylonitriles {e.g.,
butadiene acrylonitrile); styrene butadiene rabber (SBR); and combinations thereof.

When a second polymer is present in the first heat curable adhesive composition, the
sum of the polyurcthane reactive with 1socyanate functionality, the surface-deactivated solid
isocyanate, and the second polymer amounts to at least 0% by weight, at least 95% by
weight, or cven at least 98% of the weight of the dried, heat curable adhesive,

One example of a useful stabihzer s JEFFAMINE T-403 POLYETHERAMINE
commercially available from Huntsman Corporation (The Woodlands, Texas).

Useful thickeners mnclude, e.g., BORCHIRGEL A LA available from OMG Borchers
OmbH (Langenfeld, Germany) and STERCGCOLL HT commercially available from BASF

Chermcal Company (Ludwigshafen, Germany).

It



LA

10

[
N

WO 2016/025603 PCT/US2015/044866

On example of a useful preservative 1s ACTICIDE MBS commercially available from

Thor GmbH (Spever, Germany).

SECOND ADHESIVE COMPOSITION

The second adhesive composition can be any adhesive composition different from the
first heat curable adhesive composition.

The second adhesive composition can be selected from the group consisting of a tacky
adhesive composition, a second heat curable adhesive composition, a two part epoxy, a UV
curable adhesive, a two part room temperature curable urcthane, a moisture cure adhesive, a
hot melt adhesive, waler based adhesive and solvent based adhesive,

The second adhesive composition can be a tacky adhesive composition. Tacky
adhesive composition refers to an adhesive composition that has tack at room temperature
{1.e., from about 22°C to about 25°C).

Classes of suitable tacky adhesive compositions include, ¢.g., water-based, solvent-
based, solvent-free, hot melt, reactive {e.g., moisture curable, radiation curable), and
combinations thereof. Examples of suitable tacky adhesive compositions in terms of the base
polymer countained in the adhesives include e.g., rubber-based, polyacrylate-based, vinyl alkyl
cther-based, polyvinylchloride based, polyurethane-based, block copolymer based, and the
itke. Such tacky adhesives can be used alone or in combination of two or wore.

Examples of useful commercially available tacky adhesive compositions include water
based acrylate-based dispersions e.g., PD20S6F, PD2656 and ACRYLTAC SP40S, water
based polyurethane dispersions e.g., WD 4051 and WD 4007, and moisture curable
polyurethane e.g., NP6231, all of which are available from H.B.Fuller Company (St. Paul,
Minnesota (MN}); ACRONAL pressure-sensitive adhesives including e.g., ACRONAL N-
CR3010 (acrylic polymers available from BASF, Florham Park, NJ); ROBOND pressure-
seusitive adhesives mchuding e.g., ROBOND PS 7165 and ROBOND PS-9908 (The Dow
Chemical Company, Midland, Michigan}; NACOR pressure-sensitive adhesives (e.g.,

emulsion composttions based on acrylic monomers and vinyl acetate) (Heunkel
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Corporation, Disseldorf, Germany); aud AROSET emulsion pressure-sensitive
adhesives {Ashland Inc., Covington, Kentucky}.

The second adhesive composition can alternatively be a sccond heat curable adhesive
different from the first.

The second adhesive composttion 1s different tfrom the first heat curabic adhesive
composition. This difference can be used to introduce different properties into the adhesive
film. The second adhesive could be different from the first heat curable adhesive in terms of
activation temperature, breathability, water perocability, adhesioun, thermochromic properties,

stiffness, flexibility, viscosity, flow properties, color or any other property.

METHODS OF MAKING

A variety of ructhods can be used to prepare the adhesive film.

In one method, the embedded adhesive i coated in discrete domains onto a release
finer. The discrete domains can be n any form including ¢.g. random, splatter, dots, stripes,
spirals, dashes, irregular shapes, islands, frames and combinations thereof,

The embedded adhesive can be applied to the release liner using any suitable method
including, e.g., spraying, roli-to~roll, slot coating, gravure coating, flexographic coatling,
screen printing and combinations thereof.

The privaary adhesive is then coated n a continuous film over the top of the embedded
adhesive. The release liner facing side comprises the first major surface of the adhesive film.
The outward facing surface of the primary adhesive comprises the second major surface of the
adhesive film.

If the primary adhesive is coated at a thickness greater than the height of the
discontinuous pattern, the embedded adhesive will only be exposed on the first major sarface
of the adhesive film (Fig 1). Alternately, if the primary adhesive is coated at a thickness less
than the height of the discontimuous pattern, the embedded adhesive will be exposed oun the

first major surface and the second major surface of the adhesive film (Fig 2}
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Iu another embodiment, a fim with erabedded adhesive exposed on both major
surfaces can be obtained by mating together two films with embedded adhesive exposed on
one major surface.

The primary adhesive can be applied using a variety of application technigques
mcluding, ¢.g., spraying {(e.g. spiral and splatier spraying), coating {e.g. roll, slot, gravure, and
pattern}, and combinations thereof.

If the primary adhesive is agueous, one useful application method includes rol coating
the aqueous composition at a desirable coat weight, divectly on top of the embedded adhesive
and over the release liner, and then passing the adhesive film through a drying tunnel to form
the dried, adhesive film. The drying temperature in the tuunel can be any suitable tewperature
or series of temperatares.

If the primary adhesive is a first heat curable adhesive, the drying tununel temperature
is preferably is maintained at a temperature that is sufficiently low to prevent the surface-
deactivated solid 1socyanate fromm activating (1.c., crosshinking}. During drying the tunnel
temperature is preferably maiutained at a temperature of no greater than about 70°C, vo
greater than about 60°C, or even no greater than about 55°C. The heat curable adhesive film
optionally can be chilled {e.g. by passing the film over a chilled roller). The heat curable
adhesive film disposed on the release liner can be wound as a roll, and stored for a later date

1o he used.

USES

The adhesive film is useful in a variety of applications including, ¢.g., terporarily
bonding at least one substrate, permuanently bonding at Ieast one substrate, protecting a
substrate, inhibiting or preventing the movement of a {first substrate relative to a second
substrate, and combinations thereof. The adhesive film is also useful in a variety of processes
including, e.g., manufacturing processes {e.g., bonding two or rwore parts of an article
together and maintaining two parts in fixed relation to one another during the manufacturing

process), shipping processes, stacking processes, and combinations thercof,
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The adhesive filra can be used 1n the manufacture of a variety of articles including,
e.g., shoes, automobile parts, truck bed covers, textile laminations {¢.g. outdoor apparel,
lingerie, upholstery), various assembled goods (e.g., panels, laminations, filters, flooring,
etc.}, and electronics (e.g., metallic parts, plastic parts, glass, glass fiber reinforced plastics).

In one embodiment as ilustrated by FIG. 1, a one layer adhesive film (16} mchades
discrete domains of a partially embedded adhesive compaosition (11} in the form of dots
exposed on the first major surface of a primary adhesive (13},

In another erabodiment as tlustrated by FIG. 2, 2 one layer two-sided adhesive film
{17} includes discrete domains of a partially embedded adhesive composition (11) in the form
of dots exposed oun the first major surface and the second wmajor surface of the primary
adhesive (13}

FIG. 3 1s a top view of the first major surface of a one layer adhesive film (21 with
the partially emibedded adhesive (11 present as a pattern of dots within the primary adhesive
{13}

The adhesive film can be used to bond two substrates together,

The first and the second substrates can be of the same or different material. In one
embodiment, the first substrate is flexible and the second substrate i3 rigid. In another
embodiment, the first substrate is rigid and the second substrate is flexible. In other
embodiments, the first substrate 15 flextble and the second substrate is flexible, Alternatively,
both substrates are rigid.

Usetul substrates mclude rigid substrates and flexible substrates. Examples of suitable
rigid substrates include tiles, ceramics, metals (e.g. aluminum, stainless steel}, synthetic
polymer (e.g., polyamide (e.g. nylon}, polycthersulfones, polyphenylenesulfones, cte.),
regenerated cellulose {e.g. viscose, rayon, cellulose acetates), polyester, polystyrene, acrylate,
polyolefin (¢.¢., polypropylene, polyethylene, and combinations thereof), ethylene vinyl
acetate, polyvinyl chloride, polyurethane, polycarbounate, acrylonitrile-butadiene-styrene,
blends of acrylonitrile-butadiene-styrene and polycarbonate, polyether ether ketone, and
combinations thereot), coraposites (e.g. fiber reinforced polymers), glass, cardboard, wood

and wood-containing products {e.g., wood composites, composites that include wood pulp and

[
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polymer), and combinations thereof. The rigid substrate can be in the form of a single layer
or multiple layers.

Useful flexible substrates include, ¢.g., woven and nonwoven fabrics (e.g., microtiber,
canvas), leather, artificial leather, furs, fabrics, films, foils (¢.g. decorated foils), papers, and
combinations thercof. Flexible substrates can be prepared trom a variety of materials
including, e.g., cellulose-based materials {e.g., regenerated cellulose, wood pulp, cotton,
rayon and viscose}, synthetic polymers (e.g., nylon, polyesters, acrylate, polyolefin {c.g.,
polypropylene, polyethylene, polystyrene, and comabinations thereof), ethylene vinyl acetate,
polyvinyl chloride, polyurethane, and combinations thereof), and combinations thereof.

The substrate can be pre-treated to improve adhesion of the adhesive film to the
substrate. Useful pre-treatments include, ¢.g., corona, plasma, flame, chemical primer, and

combinations thereof,

METHODS OF MAKING AND USING

The adhesive {ilra can be adhered to a fivst substrate either through the embedded
adhesive composition or through the heat curable adhesive film.

In one embodiment the embedded adbesive composition is a tacky adhesive
composition and the primary adhesive composition is a heat curable adhesive. The first
substrate 1s contacted with the tacky adhesive compostiion of the adhesive film so as to affix
the first substrate to the adhesive film.  The tacky adhesive composition assists in
maintaining the first substrate in a fixed position relative to the adhesive film. Alternatively,
prior to heating the adhesive film, a second substrate 1s placed in direct contact with the
second major surface of the adhesive film, then the adhesive film 15 heated fo a temperature
that 1s sufficient to activate the surface~-deactivated sohd isocyanate within the heat curable
adhesive of the adhesive film.

Alternately, i the adhesive flm has exposed adhesive on both major surfaces, the
tacky adhesive composition can be used to fix a first and a second substrate in place. The
adhesive film can then be heated to a temperature that is sutficicnt to activate the surface-

deactivated solid isocyanate within the heat curable adhesive of the adhesive film.

16
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v another embodiment, a first substrate is brought into divect contact with the second
major surface of the multiple adhesive film, and a release liner is in direct contact with the
first tacky adhesive of the adhesive film. The adhesive {ilm can then be heated to a
temperature that is sufficient to activate the surface-deactivated solid isocyanate within the
heat curable adhesive of the adhesive film.

Alternatively, the adhesive film can be heated to a first temperature that is sufficient to
render the heat curabic adhesive film tacky such that the first substrate can be maintained in a
fixed position relative to the adhesive film to form a laminate. Upon cooling to the room
temperature, the laminate (if flexible) can be wound as a roll and stored to a later date to be
further heat-activated to cuare (i.e. crosshnk),

Alternatively, a second substrate can be brought into contact with the tacky adhesive
of the adhesive film, and the temperature can be increased to a second tomperature that is
sufficient to activate the surface-deactivated solid isocyanate to bond the two substrates
together through the adhesive film.

Iu another embodiment, an article 18 prepared by countacting a first substrate with the
tacky adhesive composition of the adhesive film, heating the adhesive film to a first
teraperature sufficient to render the heat curable adhesive film of the adhesive film tacky, then
contacting the tacky surface of the heat curable adhesive film with a second substrate to form
a heat curable laminated article. The heat curable laminated article 18 storage stable such that
it can be placed in a storage to a later date, then undergoes a curing process at an end user’s
facility.

Alternatively, the heat curable laminated article can be heated to a second temperature
sufticicnt to activate the surface-deactivated solid 1socyanate and begin the curing of the heat
curable adbesive filv,

Preferably the bond formed between the adhesive film and the first substrate (and the
second substrate, where present) 1s a destructive bond (i.e., either the substrate or the multi-
layer adhesive film {(or both} is damaged when an attemipt 1s made to peel the substrate away

from the adhesive {ilm,

s
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The iovention will now be deseribed by way of the following examples. All ratios and

percentages are by weight unless otherwise indicated.

EXAMPLES
Test Procedures
Test procedures used in the examples and throughout the specification, unless stated

otherwise, inchude the following,

Molecular Weight

The gel permeation chrovoatography (GPC) molecular weight distribution curve of
sach polyurethane sample is obtained using a Waters 2695 Separations Module connected to a
Waters 2414 Refractive Index (R1) detector, running 0.05 molar (M) Hthium bromide
dimethy] formamide (LiBr/DMF) mobile phase through two Agilent Resipore GPC
columns. The weight average molecular weight (Mw) data 1s caleulated versus polymethyl

methacrylate standards.

Peak Melting Temperature and Enthalpy of Fusion Test Method
The peak melting temperature and enthalpy of fusion (AH) of the dried polyurcthane
dispersions 1s deterrmned, afler removal of the heat history, using a Perkin Elvaer, Pyris |

Differential Scanning Calorimetry (D8C), at a heating rate of 10°C per minute.

Loop Tack Test Mcthod
Loop tack is determined, using an Instron tester model 5500R (Instron Corporation,

Norwood, MA), according to the ASTM D 6195-03 test method entitled “Standard Test
Methods for Loop Tack” 1o measure the force to separate the adhesive from a 316 stainless
steel plate (i.e., debonding strength} in grams force {gf). The method involves the use of loops
prepared from S 1o (127 mum) specimen strips. The maximum bonding load results are
reported in gram-force per 25 millimeters {gf/25 mm}.

Samples for use in the Loop Tack test method are prepared by cutting a piece of an
adhesive filminto 1 1o x 5 1 (25.4 mum x 127 mmy specitoen sirips in the wachine direction.

18
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The strips are then couditioned at 23° C +/- 1°C and a relative humidity of 50% +/- 2% for 24

hours.

Cured 180 Degree Peel Strength Test Method
The cured 180 degree (180°) peel strength s determined, using an Instron tester model
5500R (Instron Corporation., Norwood, MA}, according to the ASTM [3903-98 test method
entitled “Standard test method for Peel or Stripping Strength of Adhesive Bonds”, with the
following exceptions:
1. Test Speed/Rate of travel of the power-actuated grip: A speed of 300 mm/min is
used for sample testing instead of 305 mm/rnn,
2. Length of test substrates and bond:
- &inch (in) (203.2 mun) tlexible substrates are used for testing mnstead of 12 1
(304.8 mm) flexible substrates
- 4in (101.6 mm) rigid substrates are used for testing instead of § in (203.2 mmy)
rigid substrates
- A bond length of 3.5 in (88.9 mm) inches is used for testing instead of a bond
fength of 6 n (152.4 mum); and
3. Samples are conditioned 23°C +/- 1°C and 50% +/- 2% relative humidity for 24

hours,

The mean of the average peel strength {or a set of six saruples 18 reported.

Cured 180 Degree Peel Strength Test Method Sample Preparation Method

For a one layer heat curable adhesive filim that includes a tacky adhestve composition
that 1s at least partially emabedded within the heat curable adhesive,a 1 mx 4 mx 0.125 i
(25.4 mm x 101.6 mm x 3.2 mm) piece of rigid polycarbonate (PC) substrate (General
Purpose grade Makrolon, from Bayer) is cleaned with isopropyl alcohol (IPA) and dried. A 1
inx 3.5 10 {254 v x 8R.9 mm) piece of the one layer heat curable adhesive {ilm with an at
icast partially embedded tacky adhesive composition is then placed onto the IPA-~cleaned PC
substrate such that the at least partially emabedded tacky composition 18 in contact with PC
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substrate. A flexible nylou subsirate is then placed on top of the PC substrate/heat curable
adhesive film composite. The PC/heat curable adhesive film with an at least partially
embedded tacky adhesive/nylon fabric laycred construction 1s then bonded together using a
heated platen press at a temperature sufficient to activate curing of the heat curable reactive
film.

To test the heat curable adhesives films that inchades a tacky adhesive composition
that is at least partially embedded within the heat curable adhesive of the examples set forth
below, the heated platen press is set to the following counditions:

Bondline temperature: 90 °C

Time at bondline temperature: 60s

Pressure: 22 N/em?2

Examples
The foliowing heat curable adhesive and tacky adhesive compositions, all of which are
commercially available from HB Fuller Company (8t. Paunl, MN) could be used to form one

layer multiple adhesive films.

Various aqueous heat curable polyurcthane-based adhesives including surface-deactivated
solid isocyanate, are commercially available from HB Fuller Company under the

THERMONEX trade designation.

WD4007 18 a water-based polyurethane dispersion that 1s derived from polycther polyol and

isophorone isocyanate and that forms a tacky adhesive when dry.

WD4051 18 a water-based polyurcthane dispersion that is dervived from polyether polyol and

isophorone isocyanate and that forms a tacky adhesive when dry.

ACRYLTAC SP4035 is a water-based acrylic copolymer dispersion that forms a tacky

adhesive when dry.

)
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NP 6231 is a moisture curable polyurcthane that forms a tacky adhesive when cured.

Samples of Control 1, Control 2, Examples 1 and 2 according to Table [ were
prepared according to the herein described Cured 180 Degree Peel Strength Test Method
Sample Preparation Method, then stored at 23°C +/- 1°C and 50% +/- 2% relative humidity
for approximately 24 hours before being tested according to the Cured 180 Degree Peel

Strength Test Method.

Table 1
Sample Tacky Tacky Adhesive | Cured 180 Peel | Standard
Adhesive Type | Coat weight Strength (IN/25 Deviation
(g/ra?) )
Control 1T | None s 32,71 (.50
Example 1 | Adhesive 2141 10 34.69 4.21
Control 2 | None 0 65.04 1.40
Example 2 | Adhesive 2141 10 57.08 5.56

s Control 1: EM90302-25 (25 micron thickness), commercially available from HB Fuller
Company

s Control 2: EM90302-50 (50 micron thickness), commercially available from HB Fuller
Company

s Adhesive 2141 is a dried form of an aqueous dispersion formed from
2-thythexylacrylate, ethylacrylate and acrylontirile, which has a Tg of about -44°C

s Example 1: 25 micron thick heat curable adhesive filim where tacky Adhesive 2141 is
at least partially embedded in EM9002

s Example 2: 50 micron thick heat curable adhesive film where tacky Adhesive 2141 is

at least partially embedded in EM9002
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Other embodiments are within the claims. All publications cited herein are

incorporated herein in their entirety.
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CLAIMS

We claim;

1. An adhesive film comprising:

LA

a first heat curable adhesive composition; and
a second adhesive composition different from the first,
the adhesive film being one layer, and one of the first or second adhesive compositions
being partially embedded within the other;
the first heat curable adhesive comprising:
10 a surface-deactivated solid isocyanate; and

a polymer reactive with isocyanate functionality.

2. The adhestve film of claim | wherein the partially emubedded adhesive composition is

present in discrete domains.,

N

The adhesive film of claim 2 wherein the discrete domains are in the form of dots.

(U]

4. The adhesive film of claim | wherein the polymer reactive with isocyanate

functionality 1s a polyurethane.

(941

The adhesive film of claim | wherein the second adhesive composition s a tacky

adhesive composition.

6. The adhesive film of ¢laim 1 wherein the second adhesive composition is a second

LA

heat curable adhesive composition.

7. The adhesive film of claim 4 wherein the first heat curable adhesive comprises at least
about 60% by weight of a polyurethane, based on the weight of the heat curable
adhesive.

30
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8. The adhesive {ilra of claima 4, whereiu the polyurethane has a weight average

molecular weight of no greater than about 100,000 g/mole.

9. The adhesive film of claim 4, wherein the polyurethane has an enthalpy of fusion of at

5 least about 25 1/g.

10, The adhesive film of ¢laim 5, wherein the tacky adhesive composition comprises

polyurethane, polyacrylate, or a combination thereof.

10 11. The adhesive film of claim 1, wherein the adbesive film is supplied on release liner.

12. The adhesive film of claim |, wherein the adhesive film has a thickness of from about

10 miicrons to about 200 microns.

15 13. The adhesive film of claim 1, wherein the heat curable adhesive is derived from an
aGUEOUs CoOmMposition Comprising
a surface-deactivated solid isocyanate derived from an aromatic
isocyanate, an aliphatic isocyanate, or a combination thereof, and

a polyurethane having an enthalpy of fusion of at least about 25 J/g.

20
14. The adhesive filim of claim 4, wherein the polyurethane is derived from a crystalline
polyester polyol and an isocyanate.
5. The adhesive film of claim 13, wherein the composition further comprises a second
25 polymer,
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16.

7.

18,

19

21

A adbesive filn made by a process comprising the following steps:

coating a second adhesive composition in discrete domains onto a release liner,
and;

coating a first heat curable adhesive directly over the second adhestve
composition to form an adhesive film that is one layer;

the second adhesive composition and the first heat curable adhesive
composition being different from cach other and the first heat curable adhesive
composition comprising a surface-deactivated sohid isocyanate and a polymer reactive

with isocyanate functionality.

The adhesive film of claim 16 wherein the polymer reactive with isocyanate

functionality 1s a polyurcthanc.

The adhesive film of claim 16 wheren the sccond adhesive composition is a tacky

adhesive coraposition.

The adhesive film of claim 16, wherein the second adhesive 1s exposed on one major

surface of the adhesive film.

3. The adhesive film of claim 16, wherein the second adhesive is exposed on both major

surfaces of the adhesive fiim.

A method of making an article having a first substirate and a second substrate, the
method comprising:

contacting the first substrate with the tacky adhesive composition of the

adhesive film of claim 5;

heating the adhesive film to a first temperature sufficient to render the first heat

curable adhesive of the adhesive film tacky; and

N
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contacting a second subsirate with the first heat curable adhesive of the

adhesive filin,

22. The method of claim 21 additionally comprising heating the article to a second

temperature so as to cure the first heat curable adhesive.

23. A method of making an article having a first substrate and a second substrate, the
method comprising;
contacting the first substrate with the tacky adhesive composition of the
adhesive film of claim §;
contacting a second substrate with the first beat curable adhesive of the
adhesive film; and
applying pressure and heat to the assembly to form a permanent adhesive bond

between the substrates,

24. The method of claim 21, wherein the first temperature is at {east about 30°C.

25. The method of claim 21, wherein one of the first substrate and the sccond substrate is

rigid and the other of the first substrate and the second subsirate is flexible.

26. The method of claim 25, wherein the rigid substrate 15 selected from the group
consisting of metal, metal composite, plastic, plastic composite, wood, wood-

composite, glass and combinations thereof.

27. The method of claim 25, wherein the flexible substrate is selected from the group

consisting of fabric, film, foil, paper, regenerated cellulose and combination thereof,



WO 2016/025603 PCT/US2015/044866

{ { i b g /;i i By L > i i 3 ¢ 3 3
19 i’f o1



PCT/US2015/044866

WO 2016/025603

2/2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/044866
A. CLASSIFICATION OF SUBJECT MATTER
INV. C08G18/80 C08G18/50 B32B37/12 B32B7/12 B32B7/14
€C09J175/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co8G B32B (C09J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/012251 Al (BURCKHARDT URS [CH] ET 1-27
AL) 19 January 2012 (2012-01-19)
paragraph [0352]; table 1
X US 2010/193591 Al (RANCIEN SANDRINE [FR] 1-27
ET AL) 5 August 2010 (2010-08-05)
example 2
X US 2008/171208 Al (BUCHNER JORG [DE] ET 1-27
AL) 17 July 2008 (2008-07-17)
paragraphs [0075] - [0103]
X US 2002/164486 Al (GUSE DIETER [DE] ET AL) 1-27
7 November 2002 (2002-11-07)
example 1
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 November 2015

Date of mailing of the international search report

13/11/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Lanz, Sandra

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/044866

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

X,P

US 6 348 548 B1 (ABEND THOMAS [CH])

19 February 2002 (2002-02-19)

cited in the application

examples 19-21

US 20037157337 Al (ABEND THOMAS P [SE])
21 August 2003 (2003-08-21)

claim 1

US 5 710 215 A (ABEND THOMAS P [CH])

20 January 1998 (1998-01-20)

column 9, lines 62-65; examples 1-3

US 5 143 987 A (HAENSEL EDUARD [DE] ET AL)
1 September 1992 (1992-09-01)

examples 7,11,16,21,25,27

US 20027022680 Al (GUSE DIETER [DE] ET AL)
21 February 2002 (2002-02-21)

example 2

US 6 686 415 B1 (TERFLOTH CHRISTIAN [DE]
ET AL) 3 February 2004 (2004-02-03)
claim 1; example 2

GB 2 400 104 A (BOSTIK FINDLEY LTD [GB])
6 October 2004 (2004-10-06)

page 10, Tines 9-11; claim 1

WO 2012/092620 A2 (SAINT GOBAIN ABRASIVES
INC [US]; SAINT GOBAIN ABRASIFS SA [FR])
5 July 2012 (2012-07-05)

page 3, lines 3-5; figure 2

page 3, line 32 - page 4, line 7

WO 2015/130949 Al (FULLER H B CO [US])

3 September 2015 (2015-09-03)

examples 1-5

WO 2015/017531 Al (FULLER H B CO [US])

5 February 2015 (2015-02-05)

claim 1; table 2

1-27

1-27

1-27

1-27

1-27

1-27

1-27

1-27

1-27

1-27

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/044866
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012012251 Al 19-01-2012 AT 532806 T 15-11-2011
CN 102421816 A 18-04-2012
DK 2236533 T3 20-02-2012
EP 2236533 Al 06-10-2010
JP 2012522094 A 20-09-2012
KR 20120042725 A 03-05-2012
US 2012012251 Al 19-01-2012
WO 2010112536 Al 07-10-2010

US 2010193591 Al 05-08-2010  BR PI0814788 A2 03-02-2015
CA 2694975 Al 19-02-2009
EP 2176371 A2 21-04-2010
FR 2919741 Al 06-02-2009
RU 2010107419 A 10-09-2011
TW 200923795 A 01-06-2009
US 2010193591 Al 05-08-2010
WO 2009022078 A2 19-02-2009

US 2008171208 Al 17-07-2008 AT 532807 T 15-11-2011
BR PI0720278 A2 28-01-2014
CN 101652398 A 17-02-2010
DE 102006058527 Al 19-06-2008
EP 2099840 Al 16-09-2009
JP 2010512436 A 22-04-2010
JP 2015004067 A 08-01-2015
KR 20090088949 A 20-08-2009
RU 2009126425 A 20-01-2011
US 2008171208 Al 17-07-2008
WO 2008071307 Al 19-06-2008
ZA 200904058 A 25-08-2010

US 2002164486 Al 07-11-2002 AT 299903 T 15-08-2005
DE 10106630 Al 22-08-2002
EP 1231232 Al 14-08-2002
ES 2245996 T3 01-02-2006
US 2002164486 Al 07-11-2002

US 6348548 Bl 19-02-2002 AT 203035 T 15-07-2001
AT 252121 T 15-11-2003
AT 264351 T 15-04-2004
AU 748817 B2 13-06-2002
AU 1330299 A 28-06-1999
BR 0813562 A 10-10-2000
CA 2314320 Al 17-06-1999
CN 1284973 A 21-02-2001
DE 59705314 D1 06-12-2001
DE 59809938 D1 20-11-2003
DK 0922720 T3 29-10-2001
DK 1029879 T3 19-07-2004
DK 1037935 T3 16-02-2004
EP 0922720 Al 16-06-1999
EP 1029879 Al 23-08-2000
EP 1037935 Al 27-09-2000
ES 2161429 T3 01-12-2001
ES 2209221 T3 16-06-2004
ES 2218026 T3 16-11-2004
GR 3036520 T3 31-12-2001
HK 1034985 Al 19-11-2004

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/044866
Patent document Publication Patent family Publication

cited in search report date member(s) date
ID 24970 A 31-08-2000
JP 4099312 B2 11-06-2008
JP 2001525468 A 11-12-2001
PT 022720 E 30-01-2002
PT 1037935 E 31-03-2004
us 6348548 Bl 19-02-2002
US 2002193534 Al 19-12-2002
WO 9929755 Al 17-06-1999

US 2003157337 Al 21-08-2003 AT 388178 T 15-03-2008
AU 7405701 A 24-12-2001
AU 2001274057 B2 09-03-2006
BR 0111573 A 25-03-2003
CA 2412099 Al 09-12-2002
EP 1164154 Al 19-12-2001
EP 1297046 Al 02-04-2003
ES 2301550 T3 01-07-2008
JP 5081362 B2 28-11-2012
JP 5462913 B2 02-04-2014
JP 2004503631 A 05-02-2004
JP 2012229429 A 22-11-2012
KR 20030022147 A 15-03-2003
PL 359218 Al 23-08-2004
PT 1297046 E 19-05-2008
US 2003157337 Al 21-08-2003
WO 0196439 Al 20-12-2001

US 5710215 A 20-01-1998  NONE

US 5143987 A 01-09-1992 CA 2024287 Al 10-03-1991
DE 3930138 Al 21-03-1991
EP 0417540 A2 20-03-1991
JP HO3106981 A 07-05-1991
us 5143987 A 01-09-1992

US 2002022680 Al 21-02-2002 DE 10034637 Al 31-01-2002
EP 1172390 Al 16-01-2002
US 2002022680 Al 21-02-2002

US 6686415 Bl 03-02-2004 AT 248874 T 15-09-2003
AU 749308 B2 20-06-2002
AU 2825099 A 29-11-1999
BR 9910202 A 30-01-2001
CA 2327615 Al 18-11-1999
CN 1299384 A 13-06-2001
4 20004045 A3 11-04-2001
DE 19980843 D2 10-05-2001
DE 29923700 Ul 22-02-2001
DE 59906875 D1 09-10-2003
DK 1082373 T3 12-01-2004
EP 1082373 Al 14-03-2001
ES 2207183 T3 16-05-2004
HK 1038030 Al 30-09-2004
JP 2002514668 A 21-05-2002
MY 137567 A 27-02-2009
PL 343841 Al 10-09-2001
RU 2204570 C2 20-05-2003
SI 1082373 T1 31-12-2003

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/044866
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6686415 B1 03-02-2004
WO 9958590 Al 18-11-1999
GB 2400104 A 06-10-2004 GB 2400104 A 06-10-2004
US 2004204520 Al 14-10-2004
WO 2012092620 A2 05-07-2012 CA 2823350 Al 05-07-2012
CN 103338900 A 02-10-2013
EP 2658681 A2 06-11-2013
US 2012171459 Al 05-07-2012
WO 2012092620 A2 05-07-2012
WO 2015130949 Al 03-09-2015 US 2015240128 Al 27-08-2015
WO 2015130949 Al 03-09-2015
WO 2015017531 Al 05-02-2015 CN 104918976 A 16-09-2015
US 2015037555 Al 05-02-2015
WO 2015017531 Al 05-02-2015

Form PCT/ISA/210 (patent family annex) (April 2005)

page 3 of 3




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report

