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LAMINATING ADHESIVE FORMULATIONS CONTAINING POLYURETHANE
AND A LATENT CATALYST

REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Provisional Application No.
62/314,484, filed on March 29, 2016.
FIELD OF THE INVENTION

The present invention relates to an adhesive formulation and a method of using it in
making laminates. In particular, it relates to solvent-less polyurethane adhesive formulations
with latent catalysts.

INTRODUCTION

Solventless polyurethane adhesives are a useful class of laminating adhesives. These
are liquid compositions that contain a polyisocyanate and a polyol, possibly among other
ingredients. They are used in the packaging industry, especially in making food packaging.

However, these adhesives tend to have a short pot-life (from 20 to 40 minutes) and
their curing time can be long (up to 10 days for primary aromatic amine (PAA) decay below
2 ppb and full mechanical strength). The ideal reaction profile of solventless polyurethane
laminating adhesives would be to have a combination of a long pot life during the lamination
process but high reactivity after lamination.

One solution is to use a latent, or delayed catalyst to lengthen the pot life. Organo-
metallic-based catalysts have been used as latent catalysts for polyurethane compositions.
However, most of these catalysts are tin-based. It is well known and recognized that tin-
based catalysts are not recommended for use in food packaging applications. Moreover, the
activation conditions (such as time or temperature) for these catalysts are not applicable to the
lamination process. Therefore, a latent catalyst for polyurethane laminating adhesives that
can be activated in a laminating process and is not organo-metallic-based, is desired.

SUMMARY OF THE INVENTION

In one broad embodiment of the present invention, there is disclosed an adhesive
formulation comprising a) a polyurethane composition; and b) a latent catalyst which is the
reaction product of i) an amidine-containing compound, a guanidine-containing compound,
or an amine-containing compound; ii) carbon dioxide; and iii) water, an alcohol, an amine,
or a thiol.

In an alternative embodiment, there is disclosed the adhesive formulation of the

previous embodiment, wherein the polyurethane composition comprises from 10 to 40 weight
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percent of an isocyanate and from 60 to 90 weight percent of a polyol, based on the total dry
weight of the polyurethane composition.

In an alternative embodiment, there is disclosed the adhesive formulation of any one
of the previous embodiments wherein the catalyst is selected from the group consisting of
1,8-Diazabicycloundec-7-ene, 1,1,3,3-tetramethylguanidine (TMG), and tert-butyl-1,1,3,3,
tetramethylguanidine.

In an alternative embodiment, there is disclosed the adhesive formulation of any one
of the previous embodiments wherein the catalyst is present in an amount in the range of
from 0.0001 to 10 weight percent, based on the total dry weight of the formulation.

In an alternative embodiment, there is disclosed the adhesive formulation of any one
of the previous embodiments wherein the polyurethane composition contains a solvent.

In an alternative embodiment, there is disclosed the adhesive formulation of any one
of the previous embodiments wherein the polyurethane composition does not contain a
solvent.

In an alternative embodiment, there is disclosed a process of making the adhesive
formulation of any one of the previous embodiments, said process comprising a) adding the
latent catalyst to the polyurethane composition after the polyurethane composition is formed;
and
b) activating the latent catalyst.

In an alternative embodiment, there is disclosed a process of the previous embodiment
wherein the latent catalyst is activated in step b) using heat, mechanical force, or radiation.

Also disclosed is a laminating adhesive prepared from the adhesive formulation of
any one of the previous embodiments, and a flexible package prepared from such laminating
adhesive.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a graph showing viscosity vs. time for four samples.

DETAILED DESCRIPTION OF THE INVENTION

The adhesive formulation of the present invention comprises a two component
polyurethane adhesive, and a catalyst comprising an amidine or a guanidine.

The adhesive formulation can be solvent-based or solvent-free. If the adhesive
formulation is solvent free, it does not contain an organic solvent. In these embodiments, the

adhesive formulation comprises less than 4 weight percent, less than 2 weight percent in
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various embodiments, and less than 1 weight percent in various other embodiments, based on
total dry weight of the adhesive formulation, of an organic solvent.

The adhesive formulation can be any formulation which requires a base catalyst.
Examples include, but are not limited to, polyurethanes and epoxies.

In various embodiments, the adhesive formulation is a polyurethane which comprises,
as polymerized units, an isocyanate and a polyol. Examples of polyols that can be used are
polyether polyols and polyester polyols.

The isocyanate generally has a molecular weight Mw of less than 500g/mol, less than
300g/mol in various other embodiments, and less than 275g/mol in various other
embodiments.

The isocyanate can be a monomeric aromatic diisocyanate. Examples of monomeric
aromatic diisocyanates include, but are not limited to methylene diphenyl diisocyanate
(MDI), toluene diisocyanate (TDI), and combinations thereof. TDI can be generally used
with any commonly available isomer distributions. The most commonly available TDI has an
isomer distribution of 80% 2.4-isomer and 20% 2,6-isomer. TDI with other isomer
distributions can also be used. When MDI is used in the preparation of the polyurethane
prepolymer, it is generally pure 4,4’-MDI or any combinations of MDI isomers. When
combinations of 4,4’-MDI with other MDI isomers are used, the preferred concentration of
4,4’-MDI is from 25% to 75% of all MDI isomers.

The monomeric aromatic diisocyanate is generally present in the polyurethane
prepolymer in the range of from O to 40 weight percent, based on the total dry weight of the
polyurethane prepolymer. Any and all ranges between O and 40 are included herein and
disclosed herein; for example, the diisocyanate can be present in the polyurethane prepolymer
in the range of from 12 to 38 weight percent, or from 15 to 35 weight percent.

The polyether polyol and the polyester polyol each have a weight average molecular
weight Mw of from 400 to 4000g/mol, from 750 to 3500g/mol in various other embodiments,
and more preferably from 800 to 3000g/mol in various other embodiments. The polyether
polyol and the polyester polyol can each have a functionality of from 1.8 to 10, from 1.9 to 3
in various other embodiments, and from 2 to 2.5 in various other embodiments.

Examples of polyether polyols that can be used include, but are not limited to addition
polymerization products and the graft products of ethylene oxide, propylene oxide,
tetrahydrofuran, and butylene oxide, the condensation products of polyhydric alcohols, and

any combinations thereof. Specific examples of the polyether polyols include, but are not
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limited to polypropylene glycol (PPG), polyethylene glycol (PEG), polybutylene glycol,
polytetramethylene ether glycol (PTMEG), and any combinations thereof.

In various embodiments, the polyether polyol is generally present in the polyurethane
prepolymer in the range of from O to 99 weight percent, based on the total dry weight of the
polyurethane prepolymer. Any and all ranges between 0 and 99 are included herein and
disclosed herein; for example, the polyether polyol can be present in the polyurethane
prepolymer in the range of from 25 to 80 weight percent, or from 30 to 75 weight percent.

The polyester polyols are the condensation products or their derivatives of diols, and
dicarboxylic acids and their derivatives.

Specific examples of the diols include, but are not limited to ethylene glycol, butylene
glycol, diethylene glycol, triethylene glycol, polyalkylene glycols such as polyethylene
glycol, 1,2-propanediol, 1,3-propanediol, 2-methyl-1,3-propandiol, 1,3-butanediol, 1,4-
butanediol, 1,6-hexanediol, neopentyl glycol, 3-methyl-1,5-pentandiol, and any combinations
thereof. In order to achieve a polyol functionality of greater than 2, triols and/or tetraols may
also be used. Specific examples of such triols include trimethylolpropane and glycerol.
Specific examples of such tetraols include erythritol and pentaerythritol.

Dicarboxylic acids are selected from aromatic acids, aliphatic acids, and the
combination thereof. Suitable examples of the aromatic acids are phthalic acid, isophthalic
acid, and terephthalic acid; while suitable examples of the aliphatic acids are adipic acid,
azelaic acid, sebacic acid, glutaric acid, tetrachlorophthalic acid, maleic acid, fumaric acid,
itaconic acid, malonic acid, suberic acid, 2-methyl succinic acid, 3,3-diethyl glutaric acid, and
2,2-dimethyl succinic acid. Anhydrides of these acids can likewise be used. For the purposes
of the present invention, the anhydrides are accordingly encompassed by the expression of
term “acid”. Preferably, the aliphatic acids and aromatic acids are saturated, and are
respectively adipic acid and isophthalic acid. Monocarboxylic acids, such as benzoic acid and
hexane carboxylic acid, should be minimized or excluded.

Polyester polyols can be also prepared by addition polymerization of lactone with
diols, triols and/or tetraols. Specific examples of lactone include caprolactone, butyrolactone
and valerolactone. Specific examples of the diols are ethylene glycol, butylene glycol,
diethylene glycol, triethylene glycol, polyalkylene glycols such as polyethylene glycol, 1,2-
propanediol, 1,3-propanediol, 2-methyl 1,3-propandiol, 1,3-butanediol, 1,4-butanediol, 1,6-
hexanediol, neopentyl glycol, 3-methyl 1,5-pentandiol and any combinations thereof.
Specific examples of triols include trimethylolpropane and glycerol. Specific examples of

tetraols include erythritol and pentaerythritol.
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In various embodiments, polyester polyols can be present in the polyurethane
prepolymer in the range of from 0 to 99 weight percent, based on total dry weight of the
polyurethane prepolymer. Any and all ranges between 0 and 99 weight percent are included
herein and disclosed herein, for example, the prepolymer can contain from 18 to 28 weight
percent polyester polyol, or from 20 to 25 weight percent polyester polyol.

The preparation of the polyurethane prepolymer can be done in any way that is known
to those of ordinary skill in the art, and includes condensation polymerization. Organic
solvent is not used in the preparation of the polyurethane prepolymer.

The latent catalyst is added into the polyurethane dispersion under stirring to form a
stable mixture.

The latent catalyst is the complex formed by the reaction of an amidine- or guanidine-
based compound with carbon dioxide and water, an alcohol, an amine, or a thiol. Any
alcohol can be used, but in various embodiments, 1-ethanol, propan-2-ol, 1-octanol, or
ethylene glycol are used.

The amidine-based compound has a general structure as depicted in Formula I, below.

Formula I
where Ri, R, R3, and R4 are independently selected from the group consisting of

hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and cyclic structures .

The guanidine-based compound has a general structure as depicted in Formula II,

below.

N/RS
l
I~ KF ll“ ~\4
Rz R Formula (II)
where Ri, R2, R3, R4, and Rs are independently selected from the group consisting of
_hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and cyclic structures.
Suitable examples of amidine-based compounds include, but are not limited to (1,8-

Diazabicycloundec-7-ene) (DBU).
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Suitable examples of guanidine-based compounds include, but are not limited to
1,1,3,3-tetramethylguanidine (TMG), and tert-butyl-1,1,3,3, tetramethylguanidine.

In place of amidine or guanidine-based compounds, amine based compounds can be
used. Examples of amine-based compounds include, but are not limited to ethylene diamine,
diethylene triamine, and aminopropyltriethoxy silane.

The latent catalyst is generally used in an amount in the range of from 0.0001 to 10
weight percent, based on the total weight of the formulation. Any and all ranges between
0.0001 and 10 weight percent are included herein and disclosed herein; for example, the
latent catalyst can be present in an amount in the range of from 0.1 and 5 weight percent or
from 0.5 to 3 weight percent.

In various embodiments, the formulation can also contain tackifiers, fillers, adhesion
promoters, dyes, and/or solvents. @ However, the formulation cannot contain acidic
compounds.

The adhesive formulation is applied onto the surface of at least one substrate. The
substrate is generally selected from the group consisting of a polymer film, a metalized
polymer film, a foil, a polymer-backed metal foil, paper, and combinations thereof.
including metal foils, polyester films, and nylon films. A second substrate can then be
laminated to the first substrate.

The catalyst of the adhesive formulation can be activated when coated on the first
substrate or second substrate. Examples of how the catalyst can be activated include, but are
not limited to heat (such as microwave or infrared heat), mechanical force or radiation. If
heat is used, the catalyst is generally activated at a temperature in the range of from 30 to 200
°C but in various other embodiments from 50 to 100 °C.

The laminate may be part of a thicker laminate comprising additional substrates and
additional adhesive formulations. The additional substrates can be the same or different from
the films comprised in the laminate of the present invention. The additional adhesive
formulations can be the same or different from the adhesive formulation of the present
invention, and can be any commonly used adhesive formulations in the laminate industry.
Examples

Preparation of blocked catalyst based on TMG

An equimolar mixture of 1,1,3,3-tetramethylguanidine (TMG) and water was
dissolved in acetonitrile (1 vol mixture/1 vol acetonitrile) and introduced in a test tube.
Carbon dioxide, created by reaction of phosphoric acid dropped on calcium carbonate, was

allowed to bubble in the test tube. The blocking reaction was run for 1 to 2 hours at room
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temperature. At the end of the reaction, TMG-based alkylcarbonate salts, insoluble in

acetonitrile, were filtered and washed with an excess of acetonitrile. The salts were allowed

to dry in the filter paper under the hood overnight and analyzed without further purification.

The activation temperature range was determined to be from 80 to 130°C. The activation

time at 90°C was determined to be 30 minutes.

Viscosity curves, determined by viscosity measurements, were run with a general

performance system (MOR-FREE 698A +C79). MOR-FREE 698A is a prepolymer based on

pure 4,4-MDI and isomeric MDI. C79 is a blend of castor oil and a polyether triol.

Reactivity curves were run at 40°C for 1 hour for the following systems:

Reference: MOR-FREE 698 A +C79 100/50

Inactive catalyst (CAT1): MOR-FREE 698A + C79 mixed 100/50 + 0.05 wt % of
inactive TMG-based catalyst (prepared above) and stirred for 1 min

Active catalyst (Activated CAT1): MOR-FREE 698A + C79 mixed with (.05 wt
% of activated TMG-based catalyst 100/50 stirred for 1 min

TMG reference: MOR-FREE 698A + C79 mixed 100/50 + 0.03 wt % of TMG

stirred for approximately 1 min

The activation of the TMG-based catalyst was done by heating a mixture of C79 and
the catalyst at 90°C for 1 hour. Then MOR-FREE 698A was added and the viscosity of the

final blend was measured.

Referring to Figure 1, CAT1 can be inactive at 40°C for 1 hour. After activation,

CAT1 displays similar catalytic activities as TMG.
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CLAIMS:

1. An adhesive formulation comprising
a) a polyurethane composition; and
b) a latent catalyst which is the reaction product of
i) an amidine-containing compound, a guanidine-containing compound, or an
amine-containing compound;
ii) carbon dioxide; and
iii) water, an alcohol, an amine, or a thiol.
2. The adhesive formulation of Claim 1, wherein the polyurethane composition
comprises from 10 to 40 weight percent of an isocyanate and from 60 to 90 weight percent of
a polyol, based on the total dry weight of the polyurethane composition.
3. The adhesive formulation of any one of Claims 1 or 2 wherein the catalyst is selected
from the group consisting of 1,8-Diazabicycloundec-7-ene, 1,1,3,3-tetramethylguanidine
(TMGQ), and tert-butyl-1,1,3,3, tetramethylguanidine.
4. The adhesive formulation of any one of the preceding Claims, wherein the catalyst is
present in an amount in the range of from 0.0001 to 10 weight percent, based on the total dry
weight of the formulation.
5. The adhesive formulation of any one of the preceding Claims, wherein the
polyurethane composition contains a solvent.
6. The adhesive formulation of any one of the preceding Claims, wherein the
polyurethane composition does not contain a solvent.
7. A process of making the adhesive formulation of any one of the preceding Claims,
said process comprising
a) adding the latent catalyst to the polyurethane composition after the polyurethane
composition is formed; and
b) activating the latent catalyst.
8. A process in accordance with Claim 7, wherein the latent catalyst is activated in step
b) using heat, mechanical force, or radiation.
9. A laminating adhesive prepared from the adhesive formulation of any one of Claims
1-6.
10. A flexible package prepared from the laminating adhesive of Claim 9.
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