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The present invention is directed to | am nating adhesives useful for
joining polyneric films, particularly in providing polymeric filmlam nates
for food products, drug products, and the like. The |am nating adhesive is
"sol ventl ess”, neaning it is both water- free and organic solvent-free. The
adhesi ve provi des excel |l ent oxygen and noisture barrier properties.
Background of the Invention Oxygen, noisture, and other -gases tend
to degrade many food and drug products. Many polyneric filmnms useful in food
packagi ng, drug packaging, or the like are relatively perneable to both
oxygen and noi sture. To enhance.barriera%roperties, polymeric films nmay be
bonded together to form | am nates using adhesive | ayers having high barrier

SOLVENTLESS LAMINATING ADHESTVE WITH BARRIER PROPERTIES

The present invention is directed to laminating adhesives useful for joining
polymeric films, particularly in providing polymeric film laminates for food products, drug
products, and the like. The laminating adhesive is “solventless”, meaning it is both water-
free and organic solvent-free. The adhesive provides excellent oxygen and moisture barrier

properties.

B the Inventi

Oxygen, moisture, and other gases tend to degrade many food and drug products.
Many polymeric films useful in food paekaging, drug packaging, or the like are relatively
pefmeable to both oxygen and moisture. To enhance barrier properties, polymeric films
may be bonded together to form laminates using adhesive layers having high barrier
properties.

Currently, barrier laminating adhesives are chiefly water-borne or solvent-borne
polyvinylidine chloride (PVDC) formulations. If the solution is water-borne, energy needs
to be expended to evaporate the water. Organic solvent-based formulations also involve
some energy expenditure in removing the solvent, and solvents represent a workplace and
environmental detriment. Packagers who have only solventless laminating machines must
use films that are pre-coated with PVDC. Also, the chlorine in PVDC represents an
environmental contaminant. |

Another high barrier material is ethylene vinyl alcohol (EVOH), typically applied as
a water-based adhesive formulation. While EVOH has no chlorine, the water in the
formulation represents an energy expenditure. EVOH has a high melting temperature, i.e.,
greater than 150°C. At such high melting temperature, most polymeric films would also



‘ ptoperties. Currently, barrier |lamnating adhesives are chiefly

. wat er-borne or sol vent-borne polyvinylidine chloride (PVDC) fornmnul ations.
“.If the solution is water-borne, energy needs to be expended to evaporate

the water. Organic solvent-based fornul ations al so involve sone energy
expenditure in renoving the solvent, and solvents represent a workplace and
environnmental detrinent. Packagers who2have only sol ventl ess | aninating
machi nes nust use filnms that are pre-coated with PVDC. Also, ‘the chlorine

i n PVDC ' ' ; : 9@?; I ol

barrier n{rfcgt? gfrﬁ}% ngwlégP%nﬁ?/leﬁg:] \[/I?ﬁ?/;[aﬁ gﬁé’%&%leg %%%%—i)% %‘%ﬁ lgal yﬂgp%’{e%ee tas a
wat er - bbarribr pabpesiiascwitiy respéatitd orygeWanl etliey@asdsait hae padil moistuee badrierwat er i n
the fornul ation re rég(gﬁes an .e erﬁg expenditure. EVOH has a high nelting
{ enper aPERRETts. Al EVOHLis eltively skPeiseC. A such high el ting

t enper at ur e, : :

2 nmelt; t huéﬁ%®§—fe gg%woglelg gggﬁ?wéa@@hg% u\fgt}]l?ﬁleeasdsy e%l(‘j,%se%slevmé .fOWi | e EVOH
has exc¢drhimatindaid whichproyids highbantidripropaties; bottowhk yepectao dxpgeneandogities, it

has poor noisture barrjer properties. Also, EVOH is relatively expensive.
The pr eSeSPECt tAvRGIsHIEH Mosirongpersial nesthage selventiess adhesivan havearsmp §poes usef ul

L0 Rk e B il e BE B b B R o bR, Mot oPec!

sol vent| ess adhesi ves have very poor oxygen barrier properties because such

uret hané adhesives tend to be anorphous pol yners.
' venti

Solventless urethane adhesives in accordance with the invention comprise the
reaction product of A) a hydroxyl terminated polyester formed from a single linear aliphatic
diol having between 2 and 10 carbon atoms, preferably between 3 and 6 carbon atoms, and
a single linear dicarboxylic acid with B) a single species of liquid diisocyanate at an
NCO/OH ratio of between about 1 and about 1.1. The polyester A) is in crystalline form at
ambient temperature and has a melting point of about 80°C or below, preferably about

70°C or below, more preferably about 60°C or below, and most preferably about 55°C or
below. The number average (M,) molecular weight of the polyester is between about 300
and about 5000, preferably between about 500 and about 2000, Because the resulting
urethanes are formed from a single linear diol, a single linear dicarboxylic acid and a
single diisocyanate species, the polyurethanes have high crystallinity with attendant high -
oxygen and high moisture barrier properties. The low melting points of the polyesters
allows the adhesives to be applied at low temperatures without any solvent, whereby the
polymer films being laminated -are not degraded and not deformed.

It is within the scope of the in\}ention, and is in some cases preferred, that a portion
A’) of the polyester A) be reacted with all of or a portion B”) of the isocyanate B) at an
NCO/OH ratio of between about 2 and about 8 to form a urethane prepolymer C), and the
remaining portion A”) of the polyester A) subsequently admixed with the prepolymer C)
and any remaining portion B”) of the isocyanate B) to form an adhesive mixture suitable for

laminating the adhesives. In such case, the NCO/OH ratio of B), including in such case B’)
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Currently, the most preferred polyesters are the reaction products of either

1,6-hexanediol or 1,4-butanediol with adipic acid .

Diol is reacted with dicarboxylic acid so as to form hydroxyl-terminated polyesters
having OH numbers between about 20 and about 350, preferably between about 100 and
about 250.

Preferred diisocyanates are aliphatic diisocyanates, particularly linear diisocyanates,
including polymeric hexamethylene diisocyante (HDI).

However, other diisocyanates, including methylene diphenyl diisocyante (MDI),
dicyclohexylllmielthane 4,4'-diisocyanate (H,,MDI) and toluene diisocyanate (TDI) may -
also be used. The diisocyanate generally comprise a smaller portion of the linear
polyurethane chain than does the polyester; thus the choice of diisocyanate is generally less
critical than the nature of the From the standpoint of forming a very high barrier, polymeric
HDI is currently preferred. However, polymeric HDI is a relatively expensive material,
and less expensive diisocyanates, such as MDI, may be used where the barrier property
demands are less stringent. _

The diisocyanates useful in the invention are liquids at ambient temperatures, i.e.,
20-25°C. The low molecular weight polyesters of the invention are highly crystalline, but

melt at relatively low temperatures due to their lo polyester. w molecular weights. It is
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3 and B"), to A), including both A") and A"), is, neverthel ess, between
about 1 and about- 1. 1. Detail ed Description of Certain Preferred
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thus the choice of diisocyanate is generally less critical than the nature
of the pdioptddeto atrmuddP@hepssat shailsoiinatingftethperaturgy paeferably betwhen about 400 to

about 1000 cps at the laminating temperature. Preferably the laminating temperature is

80°C or below, more preferably 70°C or below, even more preferably 60°C or below, and
most preferably 55°C or below. Accordingly, for reference purposes, depending upon the
particular application, the above-described viscosities should apply at at least one of the
above-listed temperatures, i.e., 80°, 70°, 60°, or 55°C.

The adhesives of the present invention are useful for adhering a wide variety of
polymer film types, including polypropylenes, polyethylenes, polyesters, polyamide, and
coextruded films. Of course, the adhesives are most useful in adhering films having poor
barrier properties to provide high barrier laminates. Adhesion between two films is very
good, and laminates formed from the urethane adhesives are inseparable.

Generally, the two adhesive components are mixed just prior to-lamination, i.e.,
within about 1 min. of lamination or less, molten polyester being mixed with liquid
diisocyanate to form an adhesive mixture composition. The adhesive mixture composition
is applied to one of the polymer films and the films nipped together and the resulting
laminate rolled into a reel. Coating weights typically range from 1 to 3 pounds per ream
(1.6 - 4.9 g/m’), preferably around 1.5 pounds per ream (2.4 g/m?). A slow urethane-
forming reaction is most desirable for achieving high barrier properties, and after
lamination, the laminate is rolled and the reel stored at ambient temperature for a period
sufficient to effect complete reaction between the isocyanate and the hydroxyl groups of the

polyester; typically, at least a week storage at ambient temperature is desired.
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8 is generally used in forming the prepolymer. The main reason for forming a prepolymer
in which a portion of the polyester is pre-reacted with the diisocyanate is to ensure that the
viscosity of the adhesive mixture composition is not too low at the application temperature.
Generally, if this method is followed, all of the diisocyanate will be reacted with an
appropriate portion of the polyester. However, if even 25 wt% of the diisocyanate is
pre-reacted with an appropriate portion of the polyester, a significant adjustment in
viscosity may be seen. Preferably, at least 50 wt% of the polyester is pre-reacted, if
urethane prepolymer is desired for viscosity adjustment.

An NCO/OH ratio of 1 is theoretically desired in reacting the polyester with the
isocyanate, whether the polyester is reacted with a diisocyante or whether a urethane
prepolymer is reacted with a polyester. However, as the polyester may contain some
residual water from the polyester condensation reaction, a slight excess of diisocyante is
typically used, up to an NCO/OH ratio of about 1.1. .

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

Examples 1-5

Example 1: 13 parts by weight (pbw) of a polyester of 1,4, butanediol adipate
(OH#225) is admixed with 10 parts by weight of polymefic HDI. The mixture is coated
onto a 1 mil (25 micron), clear oriented polypropylene (OPP) film at 1.6 pounds per ream
(2.6 g/m®) coating weight. Another 1 mil OPP film was laminated to the coated film at a
nip temperature of 160°F (71°C).

Example 2: 26.4 pbw of 1,6-hexanediol adipate (OH#112) was mixed with 10 pbw

HDI polyisocyanate. The adhesive was coated onto a 1 mil low density polyethylene
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stored at anmbient tenperature for a perio Icient to effect conplete
r eact i orlainértatecewvo 1 ndl LDPE,/mihesiecscasper bramhpld20xyl groups of the pol yester;

typically, at_|least a week storage at anbient tenperature is desirged.
5. For reference, 1 mil layer of the films used in the examples without the adhesive

layer have oxygen transmission rates (OTRs) in cc/in’/day at 0% humidity, 75°F: LDPE -
479.0; OPP - 98.0; and COEX - 85.6. _
Results are as follows (OTR in cc/ir?/day at 0% humidity 75°F):
Example 1 Example2 Example 3 Comp. Ex. 4 Comp. Ex. 5
OPP/OPP  LDPE/LDPE COEX/COEX COEX/COEX " LDPE/LDPE
2.3 5.3 40 . 422 144.5
The moisture vapor transmission rate of example 1 was 0.13 cc/100 irf/day
compared with a 1 mil layer of OPP with a moisture vapor transmission of 0.40 cc/100

in*/day.



It-is further within the scope of the present invention to pre-react the
. diisocyanate with a portion of the polyester so as to formlow viscosity
".i socyanat e- capped prepolynmers and reacting the renainder of the polyester
with the prepolynmer, and an NCO OH rati o of between about 1 and about 1.1
at point at application. In either case, single species of diol,
di carboxylic acid and, preferably, diisocyanate are used to provide an
adhesive layer of high crystallinity ang, therefore, high barrier
properties with respect to oxygen, noisture and other gases. If a
prepol yner is formed, an NCO OH rati o of between about 2 to about 8 is
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Exanpl es 1-5 anple 1: 13 parts by weight (pbw) of a polyester of
1,4, but anedi olixingdispidtdiisOcHdii22B) and saidrpolyesteniA) fat 40 NEOAOH Ipationefi bgtweert

polymeric, HDI.. The mi xture is coated onto a ml (25 mcron), clear
ori ent ed%‘lﬂ@pﬁ‘"@pﬂ%"%%l(t@lf?’)m?? Pﬁkeatvem%@ﬁds per ream (2.6 g/nferr])
coating weight. An ?her 1 ml OPP filmwas lamnated to the coated film at

a nip tenperature of 160[err]F (71[err]C). . Exanpl e 2: 26.4 pbw of
1, 6- hexanedi olreagtihgall ®f cOaipbitiin B f vaidelfisvéyahatd B) pith a portion A”) of said

polyester A) at an NCO/OH ratio of between about 2 and about 8 to form a urethane
prepolymer C) and mixing the remaining portion A”) of said polyester A) and any
remaining portion B”) of said diisocyanate B) with said urethane prepolymer C) to form an
adhesive mixture (1), the NCO/OH ratio of A) to B) being between about 1 and about 1.1,
- adhering said first and said second film with either of said adhesive mixtures (I) or

an, and

allowing said diisocyanate B) and said polyester A) to fully react.

2. The method according to Claim 1 wherein said diol has between 3 and 6
carbons.

3. The method according to Claim 1 wherein said polyester has a number average
molecular weight between about 500 and about 2000.

4. The method according to Claim 1 wherein said polyester has a melting point of
about 70°C or below.
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"HDI pol yi socyanate. The adhesive was coated onto a 1_ml low.density.

. pol yet hyl ene 6 (LDPE)
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uret hane adhesive was used to lam nate two 1 m| LDPE adhesives as per
exanpl e 2. 6. Themmethed aecording to €laim|1 wherein said palgestar|has agmaltng poinhef
exanpl es wq&}gﬂug tz’Fl adhesive | ayer have oxygen transm ssion rates (OIRs)
in cc/infey WrRE'BY humi dity, 75[err]F: LDPE - 479.0: OPP - 98.0; and
CCEX - 85.6. 7, The mét@sd! héo%mﬁﬁgt@elaml 1 @n&eﬁ%ﬁ adheﬁeé m{p%hé& hgy at 0%
hum dity 75[err]F) anpl e Exanpl e anple Conp.
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cc/ 100 i pinfdebdthiidVhereat its viscosity ranges from about 400 to about 1000 cps.

9. The laminate produced according to the method of Claim 1.
10. A urethane laminating adhesive composition for forming a high barrier
adhesive, the compositon comprising a solventless liquid mixture of
either

a first part comprising A) and a second part comprising B),

A)a hydfoxyl—terminated polyester, in molten form, said polyester formed
from a single species of a linear aliphatic diol having terminal hydroxyl groups and having
from 2 to 10 carbons and a single species of a dicarboxylic acid, said polyester having a
number average molecular weight from about 300 to about 5000 and a melting point of
80°C or below, and

B) a single species of diisocyanate,

or

a first part comprising A” and a second part comprising B” and C,

C) a urethane prepolymer which is the reaction product of all of or a portion
B”) of said diisocyanate B) with a portion A’) of said polyester A) at an NCO/OH ratio of
between about 2 and about 8,

A™) the remaining portion of said polyester A), and

B”) any remaining portion of said diisocyanate B),

in either case, the NCO/OH ratio of said isocyanate B) to said polyester A)
being between about 1 and about 1.1.
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"conpared with a 1 m| layer of OPP with a noisture vapor transni ssion of
0.40 cc/ 100 in[err]/day.

7 VWHAT IS CLAI MED | S: 1. Anethod of lamnating a first film of
polynmeric material to a second film of polyneric material conprising
providing, in nolten form a solventless, hydroxyl-term nated pol yester A)
formed froma single.species of a Iine‘g& aliphatic diol having térm nal
hydr oxyl groups and having from2 to 10° carbons and a single species of a
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bel ow, 3 and6cgﬂj&% ding, inliquid form a single species of diisocyanate
B), t her m xi ng sai d diisocyanate B) and said

pol yester A) H. a‘he nmmarsma conipositioh atuerdieg to Etumt 101whereinssaisipolfestertias faior m an
adhesi ve m ture cti aII of or a portion
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13. The adhesive composition according to Claim 10 wherein said polyester has a
melting point of about 70°C or below. _

14. The adhesive composition according to Claim 10 wherein said polyester has a
melting point of about 60°C or below.

15. The adhesive composition according tb Claim 10 wherein said polyester has a

melting point of about 55°C or below.
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pol yester A) at an NCO OH ratio of between about 2 and about 8 to forma

ur et hane prepolyner C and m xing-the remaining portion A") of said

. polyester A) and any renmining portion B") of said diisocyanate B) with
sai d urethane prepolyner C) to forman adhesive mxture (11), the NCO CH
ratio of A) to B) being between about 1 and about 1.1, adhering said
first and said second filmwth either f said adhesive mxtures (I) or
(rn, and allowing said dii socyanat e B) and sai d pol yester A)
to fully reg A A PRI AHBREEP ir Ch givgaal d di ol
has bet wee RO 6 SATBORS. . T ) o Crarm 1
wherein said poI yester has a nunber aver age nol ecul ar wei ght between about
500 and about 2000. 4. The method according to Claim1 wherein said
pol yester has a melting point Absteackoftheddisglosure o pel ow,

8 5. The method according to Claim1 wherein said polyester has a
nmelting point of about 60[err]C or bel ow 6. The nethod according to

Clai m 1 wher eA goloéitiésPleitané adhdspe layerRiHicHSrones édcelidnt dRpetn & B6iklute OF
bel ow. 7. The nethod according to Claim1 wherein said adhesive is

appl i ed bagrier Rf@mﬁ%tsdﬁlén%@ﬂ@éhe reastiey pE Ad siley molerydar weight polisaster Somnado

about 2(%100m a smgle species of linear aliphatic diol and a single species of dicarboxylic acid with

B) a single species of diisocyanate.



8. The nethod according to Caim1l wherein said adhesive is applied at a

~ tenperature whereat its viscosity ranges from about 400 to about 1000 cps.
9. The | am nate produced according to the nethod of Caiml. 10. A
uret hane | am nati ng adhesi ve conposition for formng a high barrier
adhesi ve, the conpositon conprising a splventless liquid m xture of
ei t her a first part conprising A) and a second part
conpri sing B), A) a hydroxyl-term nated pol yester, in nolten
form saimd RO, yea) eincludingetsbth Acyamd AP’)Ngs.enevprthdless, bétwaen abremrl 2aldiaboat i c
di ol having term nal hydroxyl groups and having from2 to 10 carbons and a
singl e sbécies of a dicarboxylic acid |linear, said polyester having a
nunber average nol ecul ar wei ght from about 300 to about 5000 and a nelting

poi nt of 80[err]C or below, and B) a single species of
di i socyapafafied Dekdripi in Preferre bodime or _ a

first part conprising A" and a second part conprising B" and C |
C) a ur et hanePrsfesgrs gIP@F aliphatis diels lffPFefOF@H’@tth%ROWF%ﬁéﬁuﬁfaY%@'%me’ﬁ’ a

Ci . ¢ i . : il , ¢ - ¢ A
B an NP RN BTy e Yelsiis? ilh, bl fonl o selip8inPBLY S L
remai ni Nfhrivdg aroadtRbive aith geUdyRstier prdpertiefénd from an availabilityBind évdyomeTai ni ng
portion of said diisocyanate B), in either case, the NCO CH

rati o of staedp@intsocyanate B) to said pol yester A) being between about 1 and

about 1.1. Adipic acid is the preferred dicarboxylic acid for forming the polyesters of the

present invention, although other suitable dicarboxylic acids may be used, including, but
not limited to azelaic acid and sebacic acid.

Currently, the most preferred polyesters are the reaction products of either
1,6-hexanediol or 1,4-butanediol with adipic acid .

Diol is reacted with dicarboxylic acid so as to form hydroxyl-terminated polyesters
héving OH numbers between about 20 and about 350, preferably between about 100 and
about 250.

Preferred diisocyanates are aliphatic diisocyanates, particularly linear diisocyanates,
including polymeric hexamethylene diisocyante (HDI).

However, other diisocyanates, including methylene diphenyl diisocyante (MDI),
dicyclohexylllmlelthane 4,4'-diisocyanate (H,,MDI) and toluene diisocyanate (TDI) may

~ also be used. The diisocyanate generally comprise a smaller portion of the linear
polyurethane chain than does the polyester; thus the choice of diisocyanate is generally less
critical than the nature of the polyester, From the standpoint of forming a very high
barrier, polymeric HDI is currently preferred. Hm:eyer, polymeric HDI is a
relatively expensive material, and less expensive diisocyanates, such as MDI,
may be used where the barrier property demands are less stringeht.

The diisocyanates useful in the invention are liquids at ambient temperatures, i.e.,
20-25°C. The low molecular weight polyesters of the invention are highly crystalline, but

melt at relatively low temperatures due to their lo polyester. w molecular weights. It is

s iments
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9 _ 11. The adhesive conposition according to Caim 10 wherein said
di-ol -has between 3 and 6 carbons. 12. The adhési ve conposition
accor di ng to Claim 10 wherein said polyester has a nunber average nol ecul ar
wei ght bet ween about 500 and about 2000. 13. The adhesive
conmposi tion according to C aim210 wherein said polyester has a nelting
poi nt of about 70[err]C or bel ow. 8 14. The adhesive conposition
according to Caim10 wherein said polyester has a nelting point of about
60[err] C or bé.oRhe method acqidingtie Claiime§ imhereim 8336 potyestar bascomélting poant@fai m
10 wher ei % saé' Qcool y. ster has a nelting point of about 55[err]C or bel ow
about 60°C or below.
6. The method according to Claim 1 wherein said polyester has a melting point of
about 50°C or below.
7. The method according to Claim 1 wherein said adhesive is applied at a
temperature whereat its viscosity ranges from about 300 to about 2000 cps.
8. The method according to Claim 1 wherein said adhesive is applied at a
temperature whereat its viscosity ranges from about 400 to about 1000 cps.
9. The laminate produced according to the method of Claim 1.
10. A urethane laminating adhesive composition for forming a high barrier
adhesive, the compositon comprising a solventless liquid mixture of
either
a first part comprising A) and a second part comprising B),
A) a hydroxyl-terminated polyester, in molten form, said polyester formed
from a single species of a linear aliphatic diol having terminal hydroxyl groups and having

from 2 to 10 carbons and a single species of a dicarboxylic acid linear, said polyester
having a mmber average molecular weight from apout 300 to about 5000 and a

melting point of 80°C or below, and

B) a single species of diisocyanate in liguid form,
or _
~ a first part comprising A” and a second part comprising B” and C,

C) a urethane prepolymer which is the reaction product of all of or a portion
B”) of said diisocyanate B) with 5 portion A’) of said polyester A) at an NCO/OH ratio of
between about 2 and about 8,

A™) the remaining portion of said polyester A), and

B”) any remaining portion of said diisocyanate B),

in either case, the NCO/OH ratio of said isocyanate B) to said polyester A)

being between about 1 and about 1.1.
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