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URETHANE LAM NATI NG ADHESI VES USEFUL FOR RETORT POUCHES The pr esentt?og
-invention is directed to a urethane Ian1nat|ng adhesi ve for adhering
polymeric films that may be forned into retort pouches for food or
medi ci nal applications. Background of the Invention Retort pouches for
sterilizing food or nedicinal substances are typically formed of two (or
nore) |ayers of polyneric film Typically, an inner layer is fornmed of a
material, such as cast pol ypropyl ene, ich is heat-seal able and food- or
nmedi ci ne- conpatible. A second Iayer such as pol yester or polyanlde ;ﬁ/,
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The present invention is directed to an adhe5|ve conposition suitable for
use in adheringThel preseat! aMeention {o0dirécredi€d nalur&iiide pouches,

whi ch adhe sition.is free or_substantially, free of organic

sol vent s. l?\rﬁ'ﬁr'g(ra% beFﬁVSn ?’5na$ﬂe’éﬁlé%r%%m h‘%t e‘*ﬁ'f)’etn h B%her e
i's prOV|de@oam@ﬂolnﬁerFG&QHQSPOECheﬁpﬁQrtf@udsewtmgﬂzpinﬁlenﬂp&quplons.

- polyneric layers to form|am nates useful, for exanple, in formng retort
pouches for, food or nedicinal _a ,cations. The two part adhesive
conpositioﬁuﬁﬁﬁE4¥§g§9g—%hﬁskn§§£¥i¥9 havi ng A) between about 50 and about
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A) plus B) an epox
polyester or polyamide, is typically adhered to the inner

layer for packaging strength. In addition, such a second
layer as the outer layer ﬁay be printed with suitable inks.

The present invention is directed to an adhesive .
composition suitable for use in adhering polymeric layers for
food or medicinal retort pouches,; which adhesive composition
is free of or substantially free of organic solvents.

Summary of the Invention

In accordance with the invention there is provided a two-
part adhesive composition suitable for adhering polymeric
layers to form laminates useful, for example, in forming
retort pouches for food or medicinal applications. The two
part adhesive compesition comprises a first part I) having A)
between about 50 and about 99 wt%, preferably between about 70
and about 90 Wt%, based on total weight of A) plus B), of a
hydroxyl-terminated polyester that is liquid at 20°C, the
polyester having a hydroxyl functionality of between 2 and
about 2.1 and a hydroxyl number of between about 50 and about
300, preferably between about 180 and about 250, B) between
about 1 and about 50 wt%, preferably between about 10 and

about 30 wt$%, based on total weight of A) plus B) of an epoxy



2 testn which is solid at 20[err]C and is dissolved within said polyester
A), the epoxy resin B) having an epoxy equival ent wei ght of between about
500 and about 3000 and a hydroxyl nunber of between about 100 and about
250, and C) up to about 0.05 w% preferably at |east about 0.005 w %
relative to total weight of A plus B), of an isocyanate cure catalyst. A
second part 11) conprises a multi-functjonal isocyanate having an

i socyanate functionality of betmeen 2 d about 4, preferably at | east
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preferably beetween about 1.05 and about 1.5. .
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Polyesters useful in accordance with the present
invention are liquid at room temperature, i.e., 20°C.
Preferably, the polyesters have low viscosities, i.e., 500 cps
or below at 20°C, so that the polyester A) and absorbed epoxy
resin B) form a liquid composition at 20°C that can be easily
mixed with liquid polyisocyanate and applied as an adhesive
layer to sheets of polymeric material. The polyester is
linear or substantially linear, being formed primarily from
dicarboxylic acids and diols. Diols are used in excess,
whereby the polyester is OH-terminated. Aliphatic diols and
dicarboxylic acids are preferred, although aromatic diols and
dicarboxylic acids may also be used. 1In selection of diols
and dicarboxylic acids for forming the polyester,
consideration is given to compatibility with food and/or
medicine. Suitable diols include, but are not limited to
diethylene glycol, propylene glycol, ethylene glycol, hexane
diol, butane diol, neopentyl glycol, etc. Suitable
dicarboxylic acids include, but are not limited to adipic
acid, terephthalic acid, isophthalic acid, sebacic acid,
azelaic acid, etc. A slight amount of branching may be
acceptable; thus, polyols, such as trimethylol propane, and
polycarboxylic acids (and anhydrides), such as trimellitic
anhydride, may be incorporated into the polyester chain. The



medi ci ne. Suitable diols include, but are not limted to diethylene glycol,
propyl ene glycol, ethylene glycol, hexane diol, butane diol, neopentyl
glycol, etc. Suitable dicarboxylic acids include, but are not limted to
adipic acid, terephthalic acid, isophthalic acid, sebacic acid, azelaic
acid, etc. A slight anount of branching may be acceptable; thus, polyols,
such as trinethylol propane, and pol ycarboxylic acids (and anhydr.i des),

such as trinellitic anhydride, may be3 ncorporated into the pol yester
chain. The
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and hydroxyl functionality as described above. The OH -
functionality of the epoxy resin provides that the epoxy resin
is cross-linked in the urethane curing reaction. The purpose
served by the epoxy funétionality of the epoxy resin is
uncertain. While Applicants are not bound by theory, it is
believed that the epoxy resin serves to bind to and “repair”
breaks in the polyester chains which occur when the adhesive
is subject to retort conditions. In any event, it 'is found
that polyester A) and polyisocyanate part II) alone do not
form an adhesive which. adequately withstands retort
conditions. Suitable bisphenol-A epoxy resins sold
commercially by Shell Chemical Company are EPON® 1007F and
1002F. '

Epoxy resins of this type are typically solid at 20°C;
howevef, they dissolve into the polyester at the relative use
levels herein to form a liquid composition (Part I)). A
typical temperature for dissolving the epoxy resin in the
polyester is 100°C.

While adhesion will be obtained without a catalyst C),
reasonably fast cure time generally requires a catalyst, such
as dibutyltin dilaurate.:

The polyfunctional isocyanate has a functionality of at
least 2 and preferably somewhat higher, i.e., at least about
2.3 to provide good cross-link density upon curing. The
polyfunctional isocyanate may be a monomer or mixture of
monomers such as 4,4'-diphenylmethane diisocyanate,



| s subject to retort conditions. |In any event, it-is found that polyester
'A) and pol yi socyanate part |I1) alone do not form an-adhesive which .
adequately withstands retort conditions. Suitable bisphenol-A epoxy resins
sold commercially by Shell Chem cal Conpany are EPON err] 1007F and 1002F.
Epoxy resins of this type are typically solid at 20[err]C, however, they
di ssolve-into the polyester at the relative use levels herein to forma
liquid conposition (Part 1)). A typical tenperature f or di ssol ving the
epoxy resin in the polyester is 100[efr]C. Wile adhesion will be obtained
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Part II), the multi-functional isocyanate, is employed at
least approximating and preferably in excess of the OH
functionality of part I), including the polyester and the
epoxy resin, i.e., at an NCO/OH ratio of between about 0.9 and
about 3.0, preferably between about 1.05 and about 1. 5, and
most preferably between about 1.2 and about 1.4.

When parts I) and II) are mixed, curing begins
immediately. Accordingly, the two parts are mixed at the
point of application, typically within about 30 seconds of
application of the mixture to one of the adhesive layers.

Laminates using the adhesive of the present invention are
formed in a conventional manner. Typically, the two parts (I)
and II)) are mixed and the mixture applied as a layer to one

- sheet of polymeric material. Shortly thereafter, the two
sheets are nipped together with heat, e.g., 66-72°C, and
pressure. An immediate bond is formed between the layers,
although full cure takes place over a more extended period of
time, e.g., a week. The fully cured adhesive will sustain a
good bond between polymeric materials at typical retort
conditions, e.g., 121°C at 15 p.s.i. for an hour.

Neither part (I) or II)) requires any organic solvent;
thus, 100% solids adhesive compositions are provided in
accordance with the present invention. While organic solvents
may be added in minor amounts, e.g., up to about 2 wt% total,
for viscosity adjustment or other purposes, from a volatile
organic content (VOC) standpoint, addition of organic solvent
is considered undesirable.



To facilitate mxing with part 1), the nulti-functional isocyanate nust be
liquid at 20[err]C. Part I1), the multi-functional ‘i socyanate, is enpl oyed
at | east approximating and preferably in excess of the CH functionality of
part 1), including the polyester and the epoxy resin, i.e., at an NCO OH
rati o of between about 0.9 and about 3.0, preferably between about 1.05 and
about 1.5, and nost preferably between about 1.2 and about 1.4. \Wen parts
) and 11) are m xed, curing begins inmediately. Accordingly, the two parts
are mxed at the point of applicatiors typically within about 30 seconds of
application of tAhelm xtyre to.one of t%f dhes ve Ia ers. Lam nates. using
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Low viscosity adhesives are advantage relative to higher
viscosity adhesives which must be heated to higher
temperatures in order to achieve commercially acceptable
coating weights, typically around 1.63 g/m’. (When the coating

' weight is higher than 2.44 g/m°, the laminates tend to slide
and adhesive tends to be squeezed out the sides.) Heating of
urethanes to high temperatures can lead to evaporation of
isocyanate and side reactions. Also, high viscosity adhesives
tend to cause misting adhesive on the roll at high running
speeds. '

The invention will now be described in greater detail by
way of specific examples.

Examples 1 and 2

Adhesive compositions were (example 1 in accordance
with the invention, example 2 comparative) formulated as
follows (in wt%):

1l 40 .10 50
2 50 : 50
*diethylene glycol adipate, OH no. 210
**Epon® 1002F

' Each example also contained 0.007 wt% dibutyltin dilaurate.
Each adhesive composition was used to form a laminate of nylon
and cast polypropylene, and the laminate used to form a retort



5 ‘An tnportant advantage of the adhesives of the present invention is that
evan at 100% solids, their viscosities are low, i.e., typically about 6,000
cps or below at 25[err] C and 950 cps or below at 50[err]C, 25 to 50[err]C
being the preferred tenperature application tenperature of these adhesives.
At these tenperatures, it is possible to obtain coating weights as |ow as
1.14 g/nferr] coating weight on comercial nachines running at 600 ft/mn
(183 neter/mn.) speed, and coating weights between 1.14 and 1.47 g/n®
coating weight are preferred for the adhesives of the present invention.
Low vi scosi pcyuadhesﬂ:a/cﬂs pourhdaantfddaedevathve 101 hi ghixxtwrescaSity
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at high runding speed%O delaninatdno®rni | | now. BEOJEEER| bed in greater
detail by way of spect¥mReklighpl es. Exanples 1 and 2 Adhesive conpositions
were (exanple 1 in acg rd@nce with the invent IsgB ?xirrpl e 2 conparative)
formul ated &s fol I ovvs ? Exanpl e Pol yestg _ Epoxy Resin** HDI
trimer 1 10 50 2 50
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*di et hyl ene glycol adipate, OH no. 210 **Epon[err] 1002F Each exanpl e al so
contained 0.007 wt% di butyltin dilaurate. Each adhesive conposition was
used to forma lanminate of nylon and cast pol ypropyl ene, and the |amninate
used to forma retort 6 pouch. Each pouch was filled with a 1:1:1
m'xture of catchup/vinegar/corn oil, and the pouches were retorted at
121[err]C at 15 p.s.i. for an hour. Results are as follows: Exanple

Appear ance after retort Bond strength after retort 1 no

del am nating or 1,160 g/in tunneling 2 blistering-
550 g/in. WHAR PBAGLATMERAIRED IS: 1. A 100 percent solids, two part

adhesi ve conposition consisting essentially of 1) a first part conprising

A) bet ween abqut ,5 n % has ls plus
B), of a hydr oxgl egpnang?gggm' ggl}f%er sal }%rq{]ytgq}e%l e%:%gbﬂg%ﬁl
20[err] C, Ilsovnsigtingyesgspria h!t?%nallty of between 2 and 2.1, and a

hydroxyl nunber of beyween ahpst pérencompoisinzp0,

A) between about 50 and about 99 wt%, based
on total weight of A) plué B), of a
hydroxyl terminated polyester; said
polyester being liquid at 20°C, having a
hydroxyl functionality of between 2 and
2.1, and a hydroxyl number of between
about 50 and about 300,

B) between about 1 and about 50 wt% of an
epoxy resin based on total weight of A)
plus B) which epoxy resin is solid at 20°C
and is dissolved within said polyester 3),
said epoxy resin B) having an epoxy
equivalent weight of between about 500 and
about 3000 and a hydroxyl number of
between about 100 and about 250, and

C) up.to about 0.05 wt%,of an isocyanate cure
catalyst relative to the weight of A) plus
B), and

II) a second part comprising a multi-functional
isocyanate having an isocyanate functionality of
between 2 and about 4, said second part II) being
provided relative to the total hydroxyl
functionality of A) plus B) at an NCO/OH ratio of
between about 0.9 and about 3.0.

2. The adhesive composition according to Claim 1
wherein said hydroxyl terminated polyester has an OH number
between about 180 and about 250.

3. The adhesive composition according to Claim 1
wherein said multifunctional isocyanate has an isocyanate
functionality of at least 2.3.
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B)- between about 1 and about 50 wt % of an epoxy resin based on total

wei ght of A) plus B) which epoxy resinis solid at 20[err]C and is

di ssolved within said polyester A), said epoxy resin B) having an epoxy
equi val ent wei ght of between about 500 and about 3000 and a hydroxyl nunber
of between about 100 and about 250, and QO up.to about 0.05 w % of an

| socyanate cure catalyst relative to the weight of A plus B), and Il1) a
second part conprising a nulti-functigpal isocyanate having an isocyanate
functionality of between 2 and about 4, said second part |1) being provided

relative to the t43.t aI uhwlramésﬂvun@bmgaahtwn%cé&r@ih@ 8 &a@h NCO OH
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6. The adhesive composition according to Claim 1
wherein said polyester is a polymer of adipic acid and
diethylene glycol.

7. The adhesive composition according to Claim 1
wherein said NCO/OH ratio is from about 1.05 to about 1.5.

8. The adhesive composition according to claim 1
wherein said NCO/OH ratio is from about 1.2 to about 1.4.

9. The adhesive composition according to Claim 1
wherein said first part I comprises from about 70 to about 90
- wt¥ of said hydroxyl-terminated polyester A) and from about 10
to about 30 wt%¥ of said epoxy B).

10. A laminate comprising a first polymeric layer and a

second polymeric layer adhered with the adhesive composition
of Claim 1.

11. The laminate according to Claim 10 wherein said
first polymeric layer is polypropylene and said second
polymeric layer is polyester.

12. The laminate according to Claim 10 wherein said
first polymeric layer is polypropylene and said second
polymeric layer is polyamide.
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wheretn said nulti-functional isocyanate is a trimer of hexane
di i socyanate. 6. The adhesive conposition according to Claim31 wherein
said polyester is a polyner of adipic acid and diethyl ene glycol. 7. The
adhesi ve conposition according to Claim1l wherein said NCOOH ratio is from
about 1.05 to about 1.5. 8. The adhesi ve conposition according to claim1l
wherein said NCOCH ratio is fromabout 1.2 to about 1.4. 9. The adhesi ve
conposition according to Claim1l wherein said first part | conprises from
about 70 to about 90 w % of said hydroxyl-ternlnated pol yester A) and from
about 10 to about 30 wt % of sald epoxy B) 10. Alamnate conprising a
first polyneric nerlc Ia er adhered mnth the
adhesi ve conposi "0 ' : S timy ¥ ke
wherein said first polynerlc Iayer |s polypropylene and said second
polymeric layer is polyester. 35§£EHE&L§F1EE§ED?§£B&§h§9 to Caim1l0
wherein said first polyneric |ayer 1 s polypropylene and said second
polymeric layer is polyam de.

In a two-part, 100% solids adhesive composition useful

for preparing a polymeric laminate adhesive pouch, a first
part is a liquid OH-functional polyester containing epoxy
resin having both epoxy and hydroxyl functionality and a
second part is a multi-functional isocyanate.




