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ABSTRACT 

Multilayer plastic containers for food and beverage pack 
aging Which incorporate oxygen scavenging resins Which 
selectively oxidize upon activation Without giving off odor 
ous fragments. 
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OXYGEN SCAVENGING POLYMERS IN RIGID 
POLYETHYLENE TEREPHTHALATE BEVERAGE 

AND FOOD CONTAINERS 

FIELD OF THE INVENTION 

[0001] The present invention relates to rigid polymeric 
food or beverage containers comprising polyester such as 
polyester terephthalate or polyester naphthalate and oxygen 
scavenging polymer. 

BACKGROUND OF THE INVENTION 

[0002] Multilayer rigid container structures, Which utiliZe 
an oxygen scavenging composition, are knoWn. In the 
container Wall, base polymers such as polyethylene tereph 
thalate have been used along With an oxygen scavenger. The 
resulting multilayer package Wall includes at least an oxygen 
scavenger core layer as Well as inner and outer layers having 
high oxygen barrier qualities. The oxygen scavenger core 
layer is a combination of at least an oxygen scavenging 
polymer With post consumer-polyethylene terephthalate 
(PC-PET). The inner and outer layers include at least oxygen 
barrier quality PET. 

[0003] Furthermore, multilayered plastic bottles having 
oxygen scavenging capacity sufficient to maintain substan 
tially Zero or near Zero presence of oxygen in the bottle 
cavity under speci?ed storage conditions have also been 
disclosed. The multilayered bottle Wall has at least three 
layers. The inner and outer layers are PET or another 
bottling polyester, Which de?ne the bottle cavity and the 
outside skin of the bottle respectively. BetWeen the inner and 
outer layers is an oxygen scavenging copolyester layer. 

[0004] Condensation copolymers used for making bottles 
With polyester such as PET or polyethylene naphthalate 
(PEN) have also been disclosed. The condensation copoly 
mers comprise predominantly polyester segments and an 
oxygen scavenging amount of polyole?n oligomer seg 
ments. The copolymers are preferably formed by transes 
teri?cation during reactive extrusion and typically comprise 
about 0.5 to about 12 Wt. % of polyole?n oligomer seg 
ments. In a preferred embodiment, a bottle is provided 
having a multilayer Wall of at least three layers. The outer 
and inner layers are of unmodi?ed PET and the oxygen 
scavenging layer in betWeen the outer and inner layer is 
made of the condensation copolymers described above hav 
ing an oxygen scavenging amount of polyole?n oligomers. 

[0005] A transparent oxygen-scavenging article for pack 
aging oxygen sensitive products is also knoWn, the oxygen 
scavenging article having a multilayered Wall including at 
least three layers, an inner and outer layer of biaxially 
oriented aromatic polyester polymers such as PET or PEN 
and an oxygen-scavenging aromatic ester polymer compat 
ible With the polyester polymer. The oxygen-scavenging 
aromatic ester polymer must include ketone carbonyl groups 
to provide the oxygen-scavenging functionality and aro 
matic and ester groups for compatibility With the polyester. 

[0006] PET containers have been disclosed that have a 
container Wall of stretched plastic material With high oxygen 
barrier properties and an activating metal incorporated into 
the plastic material. The plastic material is PET in admixture 
With a polyamide and the metal is either added to the mixture 
or contained in one or both of the polymers. 
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[0007] Acontainer containing at least one layer containing 
a plastics material and ions of at least one metal has also 
been disclosed. The plastics material in the layer consists of 
at least a partially split or degraded polyamide Which has 
increased sensitivity to reaction With oxygen in the presence 
of metal thus giving the layer improved oxygen barrier 
properties. 
[0008] A container has been disclosed With a Wall having 
high oxygen barrier properties comprising a molded poly 
mer composition, the composition comprising a granular 
mixture of (1) a ?rst polymer providing essential strength for 
the container Wall and (2) an active component comprising 
a metal compound capable of scavenging oxygen and con 
sisting essentially of a metal ion having complexing prop 
erties and a polymer to Which said metal ion is combined as 
a metal complex in the molded polymer composition of said 
Wall to scavenge oxygen. There is also disclosed a method 
of producing the polymer composition Which can be molded 
into containers, the method being to treat a polymer With a 
metal compound dissolved or slurried in a volatile solvent 
composition during re?uxing conditions for obtaining the 
active component having capacity to scavenge oxygen. 

[0009] An article has been disclosed With oxygen barrier 
properties comprising at least partly a molded polymer 
composition formed by melting granules of the composition 
and molding the melted composition to produce the article. 
The composition comprises a granular mixture of (1) a ?rst 
polymer composition providing strength for the article and 
(2) a second polymer composition compatible With the ?rst 
polymer composition. The second polymer composition is 
obtainable by reacting a polyamide or copolyamide With a 
solution of a transition metal compound in a volatile solvent 
under re?uxing conditions. The polymer of the ?rst polymer 
composition can be any polymer and the metal of the metal 
compound reacted With the polyamide or copolyamide can 
be any transition metal. The amount of metal in the second 
polymer composition is at least 500 ppm. 

[0010] A polymer material having increased sensitivity to 
reaction With oxygen has also been disclosed, the polymer 
material comprising a polyamide, Which has been reacted 
With a nucleophilic reagent and possibly an activator. The 
nucleophilic reagent is selected from the group consisting of 
compounds containing at least one hydroxyl group, com 
pounds containing at least one alkoxide group, phosphate 
compounds, pyrophosphate compounds, polyphosphate 
compounds, salts of organic acids and a copolymer of vinyl 
alcohol and ethylene. The activator is in the form of a 
hydrogen donor. A process is also disclosed for producing 
the polymer material, Which has increased sensitivity of 
reaction With oxygen. In the process, a polyamide reacts 
With the nucleophilic reagent under such conditions that the 
polymer material is obtained. 

[0011] Such polymeric containers of PET, PEN and/or 
polyamide as described above utiliZe oxidiZable components 
to react With and decrease the amount of oxygen in contact 
With oxygen sensitive materials packaged in containers. All 
of these oxidiZable materials have the disadvantage of 
imparting unpleasant odor and/or taste to the packaged 
materials because of the byproducts given off during the 
oxidation of the oxidiZable materials. Another problem is the 
uncontrolled oxidation fragmentation from the polymer 
backbone Which leads to chain secession, thus Weakening 
the physical integrity of the multilayer container structures. 
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[0012] In contrast, the present invention achieves a rigid 
beverage and food container comprising PET and/or PEN, 
the container incorporating an oxygen scavenging compo 
nent of cyclic ole?n Which does not give off odor and or taste 
as a result of its oxygen scavenging function. The oxidation 
also does not cause a change in molecular Weight. This is 
because the cyclic ole?n oxygen scavenging component 
does not fragment as it oxidiZes, thus avoiding the problem 
of imparting oxidation byproducts to the packaged material 
While maintaining the structural integrity. 

SUMMARY OF THE INVENTION 

[0013] The present invention relates to a non-odorous 
oxygen scavenging polymer composition comprising: (1) 
monomers derived from cyclic hydrocarbon 4 moieties 
having at least one cyclic allylic or cyclic benZylic hydrogen 
and (2) a transition metal oxidation catalyst. The present 
invention also relates to a rigid container for food or 
beverage, the container being molded from a resin compris 
ing the above-described non-odorous oxygen scavenging 
polymer composition. The present invention also relates to 
the above-described rigid container further comprising a 
tinted ultraviolet protection layer, Which may or may not be 
the food contact layer, located betWeen the layer comprising 
the non-odorous oxygen scavenging composition and the 
inside of the rigid container. 

[0014] In a preferred embodiment of the above non 
odorous oxygen scavenging polymer composition, Wherein 
the composition comprises a vinyl polymer selected from 
the group consisting of ethylene polymer, ethylene copoly 
mer, propylene polymer, propylene copolymer, styrene poly 
mer, styrene copolymer and mixtures thereof. 

[0015] In another preferred embodiment of the above 
non-odorous oxygen scavenging polymer composition, the 
composition comprises condensation polymers selected 
from the group consisting of polyesters, polyamides, poly 
carbonate, polyurethane, polyureas and polyether. 

[0016] In a more preferred embodiment of the above 
composition comprising condensation polymers, the com 
position is thermoplastic. 

[0017] In another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is thermoset. 

[0018] In yet another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is a multilayered structure With other layers 
being an aromatic polyester or copolyester selected from the 
group consisting of polyethylene terephthalate, polyethylene 
naphthalate, polypropylene terephthalate, polybutylene 
terephthalate, polyethylene isophthalate, polycyclohex 
anedimethanol terephthalate, polybutylene naphthalate, 
polycyclohexanedimethanol naphthalate, and copolymers 
and blends thereof. 

[0019] In still another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is a multilayered structure With other layers 
being polyamides or copolyamides selected from the group 
consisting of Nylon 6, Nylon 66, Nylon 610 and mixtures 
thereof. 

[0020] In yet another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is a multilayered structure With other layers 
being bisphenol A carbonate. In yet another more preferred 
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embodiment of the above composition comprising conden 
sation polymers, the composition is a multilayered structure 
With other layers being vinylic polymers or copolymers 
selected from the group consisting of ethylene polymer, 
ethylene copolymer, propylene polymer, propylene copoly 
mer, styrene polymer, styrene copolymer, acrylate polymer, 
acrylate copolymer, vinyl chloride polymer, vinyl chloride 
copolymer, divinyl chloride polymer, divinyl chloride 
copolymer, ?uorinated vinyl polymer, ?uorinated vinyl 
copolymer and mixtures thereof. 

[0021] In still another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is blended With an aromatic polyester or 
copolyester selected from the group consisting of polyeth 
ylene terephthalate, polyethylene naphthalate, polypropy 
lene terephthalate, polybutylene terephthalate, polyethylene 
isophthalate, polycyclohexandedimethanol terephthalate, 
polybutylene naphthalate, polycyclohexanedimethanol 
naphthalate, and copolymers and blends thereof. 

[0022] In yet another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is blended With polyamides or copolyamides 
selected from the group consisting of Nylon 6, Nylon 66, 
Nylon 610 and mixtures thereof. 

[0023] In still another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition is blended With bisphenol A polycarbonate. 

[0024] In yet another more preferred embodiment of the 
above composition comprising condensation polymers, the 
composition being a blend comprising vinylic polymers or 
copolymers selected from the group consisting of ethylene 
polymer, ethylene copolymer, propylene polymer, propylene 
copolymer, styrene polymer, styrene copolymer, acrylate 
polymer, acrylate copolymer, vinyl chloride polymer, vinyl 
chloride copolymer, divinyl chloride polymer, divinyl chlo 
ride copolymer, ?uorinated vinyl polymer, ?uorinated vinyl 
copolymer and mixtures thereof. 

[0025] In a more preferred embodiment of the above 
composition comprising condensation polymers, the com 
position is laminated or adhering onto a substrate selected 
from the group consisting of paper, foil, high temperature 
?lm, metalliZed ?lm, polyamide ?lms, ethylene vinyl alco 
hol ?lm, silica coated ?lm, nylon/EVOH/nylon, oriented 
polypropylene, polyester ?lm, polyethylene, polypropylene, 
polyester, oriented polyethylene terephthalate and cello 
phane. 

[0026] In another preferred embodiment of the above 
non-odorous oxygen scavenging polymer composition, the 
cyclic allylic monomers are selected from the group con 
sisting of structure (I), structure (II) and structure (III): 

(I) 
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-continued 
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[0027] With K, L, T1, T2, T3, and T4 being selected from 
the group consisting of —CqH2q+1 With q being an 
integer in the range from 0 to 12 and Wherein, When 
either K or L is —H, at least one of T1, T2, T3 and T4 
is —H; 

[0028] and With X and Y being selected from the group 
consisting of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12 and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of-OH, —OCH3, 
—OC2H6, —OC3H7 and halides; and Q being selected 
from the group consisting of —(CtH2t_2) With t being 
an integer in the range from 1 to 4; 

[0029] and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 

[0030] In yet another more preferred embodiment of the 
above non-odorous oxygen scavenging polymer composi 
tion, the cyclic benZylic monomers are selected from the 
group consisting of structure (IV), structure (V), structure 
(VI), structure (VII), structure (VIII), and structure (IX) 

(IV) 
T3 T4 

(V) 
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-continued 
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[0031] Where X and Y are selected from the group 
consisting of —(CH2)n—OH, —(CH2)n—NH2 and 
—(CH2)m—(C=O)—R1 With n being an integer in the 
range from 1 to 12, and With m being an integer in the 
range from 0 to 12 and With R1 being selected from the 
group consisting of —OH, —OCH3, —OC2H5, 
—OC3H7 and halides; 

[0032] With T1, T2, T3, and T4 being selected from the 
group consisting of —CqH2q+1 With q being an integer 
in the range from 0 to 12 and at least one of T1, T2, T3 
and T4 being —H; 

[0033] and With X and Y being selected from the group 
consisting of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O, and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12, and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Z being selected 
from the group consisting of —(CtH2t_2)—, —O—, 
—NR2—, —S—, With t being an integer in the range 
from 1 to 4 and R2 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

an Wit e1n se ecte rom : —an 0034 d 'hGb'g 1 df C 0 d 
—(CnH2n+1)— With n being an integer from 0 to 12. 

[0035] In still another more preferred embodiment, the 
T1 T2 composition of the resin of the above-described rigid con 

tainer is a single layer. 
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[0036] In yet another more preferred embodiment, the 
composition of the resin of the above-described rigid con 
tainer is multilayered. 

[0037] In yet another more preferred embodiment, the 
composition of the resin of the above-described rigid con 
tainer comprises an outer air contact layer and an inner 
oxygen scavenging layer. 

[0038] In still another more preferred embodiment, the 
outer air contact layer of the composition of the resin of the 
above-described rigid container comprises an oxygen barrier 
resin selected from the group consisting of polyethylene 
terephthalate, polyethylene naphthalate and a mixture of 
polyethylene terephthalate and polyethylene naphthalate. 

[0039] In yet another more preferred embodiment, the 
composition of the resin of the above-described rigid con 
tainer further comprises at least one of an inner food contact 
layer, a tie layer, and a tinted ultraviolet protection layer. 

[0040] In still another more preferred embodiment, the 
inner food contact layer of the composition of the resin of 
the above-described rigid container comprises an oxygen 
barrier resin selected from the group consisting of polyeth 
ylene terephthalate, polyethylene naphthalate and a mixture 
of polyethylene terephthalate and polyethylene naphthalate. 

[0041] In yet another more preferred embodiment, the 
oxygen scavenging of the composition of the resin of the 
above-described rigid container is initiated by moisture or 
actinic radiation. 

[0042] In still another more preferred embodiment, the 
transition metal catalyst of the composition of the resin of 
the above-described rigid container is a metal salt. 

[0043] In yet another more preferred embodiment, the 
metal in the metal salt of the transition metal catalyst of the 
composition of the resin of the above-described rigid con 
tainer is cobalt. 

[0044] In still another more preferred embodiment, the 
metal salt of the transition metal catalyst of the composition 
of the resin of the above-described rigid container is selected 
from the group consisting of cobalt neodecanoate, cobalt 
2-ethylhexanoate, cobalt oleate and cobalt stearate. 

[0045] In yet another more preferred embodiment, the 
composition of the resin of the above-described rigid con 
tainer further comprises at least one triggering material to 
enhance initiation of oxygen scavenging. 

[0046] In still another more preferred embodiment, the 
triggering material of the resin of the composition of the 
above-described rigid container is a photoinitiator. 

[0047] In yet another more preferred embodiment, the 
photoinitiator of the resin of the composition of the above 
described rigid container has an ultraviolet absorption Win 
doW above 320 nm. 

[0048] In still another more preferred embodiment, the 
above-described rigid container is suitable for packaging 
oxygen sensitive drinks for extended freshness and shelf 
life. 

[0049] In yet another more preferred embodiment, the 
above-described rigid container is suitable for packaging 
beer. 

Jan. 16, 2003 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] Applicants have achieved a composition for a rigid 
beverage and food container comprising PET and/or PEN, 
the container incorporating an oxygen scavenging compo 
nent of cyclic ole?n Which oxidiZes oxygen in the interior of, 
the container Without giving off odor and/or taste as a result 
of its oxygen scavenging function, nor does it cause a 
change in molecular Weight. This is because the cyclic ole?n 
oxygen scavenging component does not fragment as it 
oxidiZes. Thus, the composition maintains the structural 
integrity of the container While avoiding the problem of 
imparting oxidation byproducts to the packaged material. 

[0051] The invention Will be further illustrated by the 
folloWing examples, Which set forth particularly advanta 
geous method embodiments. While the Examples are pro 
vided to illustrate the present invention, they are not 
intended to limit it. 

EXAMPLE 1 

Synthesis of 3-Cyclohexene-1,1-Dimethanol 

[0052] One hundred (100) parts by Weight of a formalde 
hyde aqueous solution (37 Wt. % formaldehyde) Was 
charged to a reactor. To this solution, cooled externally With 
an ice-Water bath, Was added 118 parts of an aqueous sodium 
hydroxide solution (25 Wt. % sodium hydroxide) by several 
portions and the temperature of the reaction content Was 
maintained at 20 to 30° C. This Was folloWed by a sloW 
addition of 54 parts of 1,2,5,6-tetrahydrobenZaldehyde at 
such a rate that the reaction content temperature did not 
exceed 55° C. After the exotherm dissipated, it Was heated 
at 55° C. for tWo hours With an external heating. The product 
precipitated out of the solution upon cooling and Was 
collected by suction ?ltration. The Wet-cake Was Washed 
thoroughly in the funnel With copious amount of Water 
(5x100 parts). The crude product Was alloWed to dry in air 
overnight and puri?ed by a recrystalliZation from toluene. 
The ?nal product Was an off-White colored crystalline mate 
rial (yield 70%. mp; 92-93° C.). 

EXAMPLE 2 

Synthesis of 4-Cyclohexene-1,2-Dimethanol 

[0053] Asolution of one hundred (100) parts by Weight of 
a 1,2,3,6-tetrahydrophthalic anhydride in 500 parts of dry 
tetrahydrofuran is sloWly added to a stirring mixture of 
28.75 parts of lithium aluminum hydride and 162 parts of 
tetrahydrofuran. After the addition is complete, the mixture 
is re?uxed for 24 hours. It is then hydrolyZed by a sloW 
addition of a saturated Rochelle salt solution until it turns 
White. The mixture is re?uxed for an additional 10 hours, 
alloWed to room temperature, and suction ?ltered. The 
solvent is removed by a distillation and the viscous liquid 
crude product is puri?ed by a fractional distillation under 
vacuum (yield 82%. bp; 165-170° C. at12 

EXAMPLE 3 

Synthesis of trans-Diethyl 
1 ,2,3,6-Tetrahydrophthalate 

[0054] One hundred (100) parts by Weight of a butadiene 
is dissolved into a solution of 153 parts of diethyl fumarate 
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in 650 parts of benzene at 0° C. The reaction solution is then 
heated in a bomb at 50° C. for 24 hours. The solvent is 
removed by a distillation and the liquid crude product is 
puri?ed by a fractional distillation under vacuum (b.p.: 
102-105° C. at 2 

EXAMPLE 4 

Synthesis Of Polyester Containing 
3-CycloheXene-1,1-Dimethanol 

[0055] Dimethyl terephthalate (81.9 g), ethylene glycol 
(43.7 g), 3-cycloheXene-1,1-dimethanol (20.0 g), and tita 
nium butoXide (0.15 g) Were charged into a 250 mL 
4-necked ?ask equipped With a distillation column/partial 
condenser. The agitator and heat Were turned on under 
nitrogen sparge (5 ml/min). When the temperature reached 
140-170° C., the methanol collection Was started. The tem 
perature Was sloWly increased to 230° C. The reaction 
temperature Was held at 230-240° C. until greater than 95% 
of the methanol Was collected during the course of 2-3 hours 
at 250-260° C. under a full vacuum (0.5-2 mm Hg). The ?nal 
polyester Was discharged into an aluminum pan at about 
200° C. under nitrogen protection. NMR shoWed that the 
polyester contained about 22 Wt. % 3-cycloheXene-1,1 
dimethanol unit. DSC shoWed that the polyester Was totally 
amorphous and had a glass transition temperature of 82° C. 

EXAMPLE 5 

Synthesis Of Polyester Containing 
3-CycloheXene-1,1-Dimethanol 

[0056] Dimethyl terephthalate (1165.2 g), ethylene glycol 
(621.0 g), 3-cycloheXene-1,1-dimethanol (284.4 g), Zinc 
acetate dihydrate (2.08 g), and antimony oXide (0.62 g) are 
charged into a 3-liter reaction kettle equipped With a distil 
lation column/partial condenser. The agitator and heat are 
turned on under nitrogen sparge (10-30 ml/min). When the 
temperature reaches 140-170° C., the methanol collection is 
started. After 1-3 hours at 160-190° C. under nitrogen, the 
temperature is sloWly increased to 230° C. The reaction 
temperature is held at 230-240° C. until greater than 95% of 
the methanol is collected during the course of 2-6 hours. 
Triphenyl phosphite (1.0 g) is then added. The temperature 
is increased to 250-270° C., the nitrogen is stopped and 
vacuum is applied. The reaction miXture is held for 2-4 hours 
at 250-270° C. under a full vacuum (0.5-2 mm Hg). The ?nal 
polyester is discharged into an aluminum pan at about 200° 
C. under nitrogen protection. 

EXAMPLE 6 

Synthesis Of Polyester Containing 
3-CycloheXene-1,1-Dimethanol 

[0057] FolloWing the procedure described in Example 5, 
dimethyl terephthalate (776.8 g), 1,3-propanediol (304.4 g), 
3-cycloheXene-1,1-dimethanol (284.4 g), and titanium 
butoXide (1.3 g) are charged into a 3-liter reaction kettle 
equipped With a distillation column/partial condenser. Triph 
enyl phosphite (0.8 g) is added before increasing the reaction 
temperature from 230-240° C. to over 250° C. and applying 
vacuum. 

EXAMPLE 7 

Synthesis of Polyester Containing 
1,2,3,6-Tetrahydrophthalic Acid 

[0058] Ethylene glycol (248.1 g), 1,2,3,6-tetrahydro 
phthalic anhydride (456.6 g), hydrated monobutyltin oXide 
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(0.7 g), and triphenyl phosphite (0.35 g) Were charged into 
a 2-liter reaction ?ask equipped With a distillation column/ 
partial condenser. The agitator and heat are turned on under 
nitrogen sparge (10-30 ml/min). When the temperature 
reaches 160-180° C., the Water collection Was started. After 
1-3 hours at 160-190° C. under nitrogen, the temperature 
Was sloWly increased to 230° C. The reaction temperature 
Was held at 230-240° C. until greater than 95% of the Water 
Was collected during the course of 2-6 hours. The tempera 
ture Was increased to 250-270° C., the nitrogen Was stopped 
and vacuum Was applied. The reaction miXture Was held for 
24 hours at 250-270° C. under a full vacuum (0.5 -2 mm Hg). 
The ?nal polyester Was discharged into an aluminum pan at 
about 200° C. under nitrogen protection. NMR con?rmed 
that the polyester Was a tetrahydrophthalic acid/ethylene 
glycol homopolyester. DSC shoWed that the polyester Was 
totally amorphous and had a glass transition temperature of 
27° C. 

EXAMPLE 8 

Synthesis Of Polyester Containing 
3-CycloheXene-1,1-Dimethanol and 

1,2,3,6-Tetrahydrophthalic Acid 

[0059] FolloWing the procedure described in EXample 7, 
ethylene glycol (248.4 g), 1,2,3,6-tetrahydrophthalic anhy 
dride (913.2 g), 3-cycloheXene-1,1-dimethanol (839.0 g), 
and hydrated monobutyltin oXide (1.0 g) are charged into a 
3-liter reaction kettle equipped With a distillation column/ 
partial condenser. Triphenyl phosphite (1.0 g) is added 
before increasing the reaction temperature from 230-240° C. 
to over 250° C. and applying vacuum. 

EXAMPLE 9 

Synthesis Of Polyester Containing 
3-CycloheXene-1,1-Dimethanol and 

1,2,3,6-Tetrahydrophthalic Acid 

[0060] FolloWing the procedure described in EXample 7, 
2-methyl-1,3-propanediol (360.4 g), 1,2,3,6-tetrahydro 
phthalic anhydride (913.2 g), 3-cycloheXene-1,1-dimethanol 
(839.0 g), and hydrated monobutyltin oXide (1.0 g) are 
charged into a 3-liter reaction kettle equipped With a distil 
lation column/partial condenser. Triphenyl phosphite (1.0 g) 
is added before increasing the reaction temperature from 
230-240° C. to over 250° C. and applying vacuum. 

EXAMPLE 10 

Synthesis of Polyester Containing 
1,2,3,6-Tetrahydrophthalic Acid 

[0061] FolloWing the procedure described in Example 7, 2 
methyl-1,3-propanediol (720.8 g), 1,2,3,6-tetrahydro 
phthalic anhydride (913.2 g), and hydrated monobutyltin 
oXide (0.82 g) are charged into a 3-liter reaction kettle 
equipped With a distillation column/partial condenser. Triph 
enyl phosphite (0.82 g) is added before increasing the 
reaction temperature from 230-240° C. to over 250° C. and 
applying vacuum. 

EXAMPLE 11 

Synthesis of Polyester Containing 
1,2,3,6-Tetrahydrophthalic Acid 

[0062] FolloWing the procedure described in EXample 7, 
1,3-propanediol (608.8 g), 1,2,3,64 etrahydrophthalic anhy 
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dride (913.2 g), and hydrated monobutyltin oxide (0.76 g) 
are charged into a 3-liter reaction kettle equipped With a 
distillation column/partial condenser. Triphenyl phosphite 
(0.76 g) is added before increasing the reaction temperature 
from 230-240° C. to over 250° C. and applying vacuum. 

EXAMPLE 12 

Synthesis Of Polyester Containing 
3-Cyclohexene-1,1-Dimethanol 

[0063] FolloWing the procedure described in Example 7, 
2-methyl-1,3-propanediol (180.2 g), adipic acid (584.4 g), 
3-cyclohexene-1,1-dimethanol (569.6 g), and hydrated 
monobutyltin oxide (0.67 g) are charged into a 3-liter 
reaction kettle equipped With a distillation column/partial 
condenser. Triphenyl phosphite (0.67 g) is added before 
increasing the reaction temperature from 230-240° C. to 
over 2500 C. and applying vacuum. 

EXAMPLE 13 

Synthesis Of Polyester Containing 
3-Cyclohexene-1,1-Dimethanol 

[0064] Terephthalic acid (664.4 g), 3-cyclohexene-1,1 
dimethanol (284.8 g), 2-methyl-1,3-propandiol (360.4 g), 
and hydrated monobutyltin oxide (0.75 g) are charged into 
a 3-liter reaction kettle equipped With a distillation column/ 
partial condenser. The agitator and heat are turned on under 
nitrogen sparge (10-30 ml/min). When the temperature 
reaches 200-220° C., the Water collection is started. After 
3-7 hours at 200-230° C. under nitrogen, the temperature is 
increased to 240° C. The reaction temperature is held at 240° 
C. until greater than 95% of the Water is collected during the 
course of 2-6 hours. Triphenyl phosphite (0.75 g) is then 
added. The temperature is increased to 250-270° C., the 
nitrogen is stopped and vacuum is applied. The reaction 
mixture is held for 24 hours at 250-270° C. under a full 
vacuum (0.5-2 mm Hg). The ?nal polyester is discharged 
into an aluminum pan at about 200° C. under nitrogen 
protection. 

EXAMPLE 14 

[0065] Polymer prepared in Example 4 Was solvent cast 
into a 3.5 mil ?lm containing 2 Wt. % cobalt in the form of 
cobalt oleate and 2 Wt. % of anthraquinone as a long 
Wavelength photoinitiator. A 5><20 cm2 siZe ?lm Was cut and 
irradiated under a 450 Watts medium pressure mercury UV 
lamp for 2 minutes prior to sealing into a foil pouch ?lled 
With 300 cc of 1% oxygen. The headspace analysis after 1 
day at room temperature shoWed a reduction in oxygen 
concentration to 0.91%. 

EXAMPLE 15 

[0066] Polymer prepared in Example 7 Was solvent cast 
into 2 mil ?lm containing 0.2 Wt. % cobalt in the form of 
cobalt oleate and 1 Wt. % of anthraquinone. Irradiated under 
a 450 Watts medium pressure mercury UV lamp for 2 
minutes prior to sealing into a foil pouch ?lled With 300 cc 
of 1% oxygen. The headspace analysis after 4 days at room 
temperature shoWed a reduction in oxygen concentration to 
0.83%. 

[0067] While the present invention has been described 
With reference to speci?c embodiments, this application is 
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intended to cover those various changes and those may make 
those substitutions skilled in the art Without departing from 
the spirit and scope of the appended claims. 

What is claimed is: 
1. A non-odorous oxygen scavenging polymer composi 

tion comprising: (1) monomers derived from cyclic hydro 
carbon moieties having at least one cyclic allylic or cyclic 
benZylic hydrogen and (2) a transition metal oxidation 
catalyst. 

2. The composition of claim 1, Wherein the composition 
comprises condensation polymers selected from the group 
consisting of polyesters, polyamides, polycarbonate, poly 
urethane, polyureas and polyether. 

3. The composition of claim 1, Wherein the cyclic allylic 
monomers are selected from the group consisting of struc 
ture (I), structure (II) and structure (III): 

T4 
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With K, L, T1, T2, T3, and 14 being selected from the 
group consisting of —CqH2q+1 With q being an integer 
in the range from 0 to 12 and Wherein, When either K 
or L is —H, at least one of T1, T2, T3 and T4 is —H; 

and With X and Y being selected from the group consist 
ing of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12 and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Q being selected 
from the group consisting of —(CtH2t_2) With t being 
an integer in the range from 1 to 4; 

and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 
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4. The composition of claim 1, wherein the cyclic ben 
Zylic monomers are selected from the group consisting of 

structure (IV), structure (V), structure (VI), structure (VII), 
structure (VIII), and structure (IX) 

(IV) 

(V) 

(VI) 

(VII) 

(VIII) 

(IX) 

Where X and Y are selected from the group consisting of 

—(CH2)n—OH, —(CH2)n—NH2 and —(CH2)m— 
(C=O)—R, With n being an integer in the range from 
1 to 12, and With m being an integer in the range from 
0 to 12 and With R1 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

With T1, T2, T3, and T4 being selected from the group 
consisting of —CqH2q+1 With q being an integer in the 
range from 0 to 12 and at least one of T1, T2, T3 and T4 
being —H; 
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and With X and Y being selected from the group consist 
ing of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O, and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12, and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Z being selected 
from the group consisting of —(CtH2t_2)—, —O—, 
—NR2—, —S—, With t being an integer in the range 
from 1 to 4 and R2 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 

5. The composition of claim 2, the composition being 
thermoplastic. 

6. The composition of claim 2, the composition being 
thermoset. 

7. The composition of claim 2, the composition being a 
multilayered structure With other layers being an aromatic 
polyester or copolyester selected from the group consisting 
of polyethylene terephthalate, polyethylene naphthalate, 
polypropylene terephthalate, polybutylene terephthalate, 
polyethylene isophthalate, polycycloheXanedimethanol 
terephthalate, polybutylene naphthalate, polycycloheX 
anedimethanol naphthalate, and copolymers and blends 
thereof. 

8. The composition of claim 2, the composition being a 
multilayered structure With other layers being polyamides or 
copolyamides selected from the group consisting of Nylon 
6, Nylon 66, Nylon 610 and mixtures thereof. 

9. The composition of claim 2, the composition being a 
multilayered structure With other layers being bisphenol A 
carbonate. 

10. The composition of claim 2, the composition being a 
multilayered structure With other layers being vinylic poly 
mers or copolymers selected from the group consisting of 
ethylene polymer, ethylene copolymer, propylene polymer, 
propylene copolymer, styrene polymer, styrene copolymer, 
acrylate polymer, acrylate copolymer, vinyl chloride poly 
mer, vinyl chloride copolymer, divinyl chloride polymer, 
divinyl chloride copolymer, ?uorinated vinyl polymer, ?u 
orinated vinyl copolymer and miXtures thereof. 

11. The composition of claim 2, the composition being 
blended With an aromatic polyester or copolyester selected 
from the group consisting of polyethylene terephthalate, 
polyethylene naphthalate, polypropylene terephthalate, 
polybutylene terephthalate, polyethylene isophthalate, poly 
cycloheXandedimethanol terephthalate, polybutylene naph 
thalate, polycycloheXanedimethanol naphthalate, and 
copolymers and blends thereof. 

12. The composition of claim 2, the composition being 
blended With polyamides or copolyamides selected from the 
group consisting of Nylon 6, Nylon 66, Nylon 610 and 
mixtures thereof. 

13. The composition of claim 2, the composition being 
blended With bisphenol A polycarbonate. 

14. The composition of claim 2, the composition being a 
blend comprising vinylic polymers or copolymers selected 
from the group consisting of ethylene polymer, ethylene 
copolymer, propylene polymer, propylene copolymer, sty 
rene polymer, styrene copolymer, acrylate polymer, acrylate 
copolymer, vinyl chloride polymer, vinyl chloride copoly 
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mer, divinyl chloride polymer, divinyl chloride copolymer, 
?uorinated vinyl polymer, ?uorinated vinyl copolymer and 
mixtures thereof. 

15. The composition of claim 2, the composition being 
laminated or adhering onto a substrate selected from the 
group consisting of paper, foil, high temperature ?lm, met 
alliZed ?lm, polyamide ?lms, ethylene vinyl alcohol ?lm, 
silica coated ?lm, nylon/EVOH/nylon, oriented polypropy 
lene, polyester ?lm, polyethylene, polypropylene, polyester, 
oriented polyethylene terephthalate and cellophane. 

16. The composition of claim 1, Wherein the composition 
comprises a vinyl polymer selected from the group consist 
ing of ethylene polymer, ethylene copolymer, propylene 
polymer, propylene copolymer, styrene polymer, styrene 
copolymer and miXtures thereof. 

17. A rigid container for food or beverage, the container 
being molded from a resin comprising a non-odorous oXy 
gen scavenging polymer composition, the composition com 
prising (1) monomers derived from cyclic hydrocarbon 
moieties having at least one cyclic allylic or cyclic benZylic 
hydrogen and (2) a transition metal oxidation catalyst. 

18. The rigid container of claim 17, Wherein the compo 
sition comprises condensation polymers selected from the 
group consisting of polyesters, polyamides, polycarbonate, 
polyurethane, polyureas, polysulfones and polyether. 

19. The rigid container of claim 17, Wherein the cyclic 
allylic monomers are selected from the group consisting of 
structure (I), structure (II) and structure (III): 

(I) 
(I) 

(II) 

(III) 

T2 T4 

CH2 CH2 

With K, L, T1, T2, T3, and T4 being selected from the 
group consisting of —CqH2q+1 With q being an integer 
in the range from 0 to 12 and Wherein, When either K 
or L is —H, at least one of T1, T2, T3 and T4 is —H; 

and With X and Y being selected from the group consist 
ing of —(CH2)n—OH, —(CH2)n—NH2, 
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—(CH2)nNC=O and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12 and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Q being selected 
from the group consisting of —(CtH2t_2) With t being 
an integer in the range from 1 to 4; 

and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 

20. The rigid container of claim 17, Wherein the cyclic 
benZylic monomers are selected from the group consisting 
of structure (IV), structure (V), structure (VI), structure 
(VII), structure (VIII), and structure (IX) 

(IV) 

(V) 

(VI) 

(VII) 

(VIII) 

(IX) 
T1 T2 

Where X and Y are selected from the group consisting of 

—(CH2)n—OH> —(CH2)D—NH2 and —(CH2)rn— 
(C=O)—R, With n being an integer in the range from 
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1 to 12 and With m being an integer in the range from 
0 to 12 and With R1 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

With T1, T2, T3, and T4 being selected from the group 
consisting of —CqH2q+1 With q being an integer in the 
range from 0 to 12 and at least one of T1, T2, T3 and T4 
being —H; 

and With X and Y being selected from the group consist 

ing of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12 and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Z being selected 
from the group consisting of —(CtH2t_2)—, —O—, 
—NR2—, —S—, With t being an integer in the range 
from 1 to 4 and R2 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 

21. The rigid container of claim 18, the composition being 
thermoplastic. 

22. The rigid container of claim 18, the composition being 
thermoset. 

23. The rigid container of claim 18, the composition being 
made by coextrusion, bloW molding or lamination With an 
aromatic polyester or copolyester selected from the group 
consisting of polyethylene terephthalate, polyethylene naph 
thalate, polypropylene terephthalate, polybutylene tereph 
thalate, polyethylene isophthalate, polycyclohex 
anedirnethanol terephthalate, polybutylene naphthalate, 
polycyclohexanedimethanol naphthalate, and copolymers 
and blends thereof. 

24. The rigid container of claim 18, the composition being 
made by coextrusion, bloW molding or lamination With 
polyamides or copolyamides selected from the group con 
sisting of Nylon 6, Nylon 66, Nylon 610 and mixtures 
thereof. 

25. The rigid container of claim 18, the composition being 
made by coextrusion, bloW molding or lamination With 
bisphenol A polycarbonate. 

26. The rigid container of claim 18, the composition being 
made by coextrusion, bloW molding or lamination With 
vinylic polymers or copolymers selected from the group 
consisting of ethylene polymer, ethylene copolymer, propy 
lene polymer, propylene copolymer, styrene polymer, sty 
rene copolymer, acrylate polymer, acrylate copolymer, vinyl 
chloride polymer, vinyl chloride copolymer, divinyl chloride 
polymer, divinyl chloride copolymer, ?uorinated vinyl poly 
mer, ?uorinated vinyl copolymer and mixtures thereof. 

27. The rigid container of claim 18, the composition being 
blended With an aromatic polyester or copolyester selected 
from the group consisting of polyethylene terephthalate, 
polyethylene naphthalate, polypropylene terephthalate, 
polybutylene terephthalate, polyethylene isophthalate, poly 
cyclohexandedimethanol terephthalate, polybutylene naph 
thalate, polycyclohexanedimethanol naphthalate, and 
copolymers and blends thereof. 
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28. The rigid container of claim 18, the composition being 
blended With polyamides or copolyamides selected from the 
group consisting of Nylon 6, Nylon 66, Nylon 610 and 
mixtures thereof. 

29. The rigid container of claim 18, the composition being 
blended With bisphenol A carbonate. 

30. The rigid container of claim 18, the composition being 
blended With vinylic polymers or copolymers selected from 
the group consisting of ethylene polymer, ethylene copoly 
mer, propylene polymer, propylene copolymer, styrene poly 
mer, styrene copolymer, acrylate polymer, acrylate copoly 
mer, vinyl chloride polymer, vinyl chloride copolymer, 
divinyl chloride polymer, divinyl chloride copolymer, ?u 
orinated vinyl polymer, ?uorinated vinyl copolymer and 
mixtures thereof. 

31. The rigid container of claim 18, the composition being 
laminated or adhering onto a substrate selected from the 
group consisting of paper, foil, high temperature ?lm, met 
alliZed ?lm, polyamide ?lms, ethylene vinyl alcohol ?lm, 
silica coated ?lm, nylon/EVOH/nylon, oriented polypropy 
lene, polyester ?lm, oriented polyethylene terephthalate, 
polypropylene, polyester, and cellophane. 

32. The rigid container of claim 18, Wherein the compo 
sition comprises a vinyl polymer selected from the group 
consisting of ethylene polymer, ethylene copolymer, propy 
lene polymer, propylene copolymer, styrene polymer, sty 
rene copolymer and mixtures thereof. 

33. The rigid container according to claim 17, Wherein the 
composition is a single layer. 

34. The rigid container according to claim 17, Wherein the 
composition is multilayered. 

35. The rigid container according to claim 34, Wherein the 
composition comprises an outer air contact layer and an 
inner oxygen scavenging layer. 

36. The rigid container according to claim 35, Wherein the 
outer air contact layer comprises an oxygen barrier resin 
selected from the group consisting of polyethylene tereph 
thalate, polyethylene naphthalate and a mixture of polyeth 
ylene terephthalate and polyethylene naphthalate. 

37. The rigid container according to claim 35, Wherein the 
composition further comprises at least one of an inner food 
contact layer, a tie layer, and a tinted ultraviolet protection 
layer. 

38. The rigid container according to claim 37, Wherein the 
inner food contact layer comprises an oxygen barrier resin 
selected from the group consisting of polyethylene tereph 
thalate, polyethylene naphthalate and a mixture of polyeth 
ylene terephthalate and polyethylene naphthalate. 

39. The rigid container of claim 17, Wherein oxygen 
scavenging by the non-odorous oxygen scavenging polymer 
composition is initiated by moisture or actinic radiation. 

40. The rigid container of claim 17, Wherein the transition 
metal catalyst is a metal salt. 

41. The rigid container of claim 40, Wherein the metal in 
the metal salt is cobalt. 

42. The rigid container of claim 41, Wherein the metal salt 
is selected from the group consisting of cobalt neode 
canoate, cobalt 2-ethylhexanoate, cobalt oleate and cobalt 
stearate. 

43. The rigid container of claim 17, Wherein the non 
odorous oxygen scavenging composition further comprises 
at least one triggering material to enhance initiation of 
oxygen scavenging. 
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44. The rigid container of claim 43, wherein the triggering 
material is a photoinitiator. 

45. The rigid container of claim 44, Wherein the photo 
initiator has an ultraviolet absorption WindoW above 320 
nm. 

46. The rigid container of claim 44, Wherein the container 
further comprises a tinted ultraviolet protection layer located 
betWeen the layer comprising the non-odorous oxygen scav 
enging composition and the inside of the rigid container. 

47. The rigid container of claim 46, Wherein the tinted 
layer is the food contact layer. 

48. The rigid container of claim 46, Wherein the resin 
comprises condensation polymers selected from the group 
consisting of polyesters, polyamides, polyurethane, poly 
ureas, polysulfones, polycarbonates and polyether. 

49. The rigid container of claim 46, Wherein the cyclic 
allylic monomers are selected from the group consisting of 
structure (I), structure (II) and structure (III): 

(I) 

(11) 

(III) 

cH2 cH2 

O O 

I 
O 

With K, L, T1, T2, T3, and T4 being selected from the 
group consisting of —CqH2q+1 With q being an integer 
in the range from 0 to 12 and Wherein, When either K 
or L is —H, at least one of T1, T2, T3 and T4 is —H; 

and With X and Y being selected from the group consist 
ing of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12 and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Q being selected 
from the group consisting of —(CtH2t_2) With t being 
an integer in the range from 1 to 4; 

and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 
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50. The rigid container of claim 46, Wherein the cyclic 
benZylic monomers are selected from the group consisting 
of structure (IV), structure (V), structure (VI), structure 
(VII), structure (VIII), and structure (IX): 

(IV) 

(V) 

(VI) 

(VII) 

(VIII) 

(IX) 

Where X and Y are selected from the group consisting of 

—(CH2)n—OH, —(CH2)n—NH2 and —(CH2)m— 
(C=O)—R, With n being an integer in the range from 
1 to 12 and With m being an integer in the range from 
0 to 12 and With R1 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

With T1, T2, T3, and T4 being selected from the group 
consisting of —CqH2q+1 With q being an integer in the 
range from 0 to 12 and at least one of T1, T2, T3 and T4 
being —H; 
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and With X and Y being selected from the group consist 
ing of —(CH2)n—OH, —(CH2)n—NH2, 
—(CH2)nNC=O and —(CH2)m—(C=O)-A With n 
being an integer in the range from 1 to 12 and m being 
an integer in the range from 0 to 12 and A being 
selected from the group consisting of —OH, —OCH3, 
—OC2H5, —OC3H7 and halides; and Z being selected 
from the group consisting of —(CtH2t_2)—, —O—, 
—NR2—, —S—, With t being an integer in the range 
from 1 to 4 and R2 being selected from the group 
consisting of —OH, —OCH3, —OC2H5, —OC3H7 and 
halides; 

and With G being selected from —(C=O)— and 
—(CnH2n+1)— With n being an integer from 0 to 12. 

51. The rigid container of claim 48, the composition being 
thermoplastic. 

52. The rigid container of claim 48, the composition being 
thermoset. 

53. The rigid container of claim 48, the composition being 
in a multilayer structure With other layers, at least one of the 
other layers comprising an aromatic polyester or copolyester 
selected from the group consisting of polyethylene tereph 
thalate, polyethylene naphthalate, polypropylene terephtha 
late, polybutylene terephthalate, polyethylene isophthalate, 
polycyclohexanedimethanol terephthalate, polybutylene 
naphthalate, polycyclohexanedimethanol naphthalate, and 
copolymers and blends thereof. 

54. The rigid container of claim 48, the composition being 
in a multilayer structure With other layers, at least one of the 
other layers comprising polyamides or copolyamides 
selected from the group consisting of Nylon 6, Nylon 66, 
Nylon 610 and mixtures thereof. 

55. The rigid container of claim 48, the composition being 
in a multilayer structure With other layers, at least one of the 
other layers comprising bisphenol A carbonate. 

56. The rigid container of claim 48, the composition being 
in a multilayer structure With other layers, at least one of the 
other layers comprising vinylic polymers or copolymers 
selected from the group consisting of ethylene polymer, 
ethylene copolymer, propylene polymer, propylene copoly 
mer, styrene polymer, styrene copolymer, acrylate polymer, 
acrylate copolymer, vinyl chloride polymer, vinyl chloride 
copolymer, divinyl chloride polymer, divinyl chloride 
copolymer, ?uorinated vinyl polymer, ?uorinated vinyl 
copolymer and mixtures thereof. 

57. The rigid container of claim 48, the composition being 
blended With an aromatic polyester or copolyester selected 
from the group consisting of polyethylene terephthalate, 
polyethylene naphthalate, polypropylene terephthalate, 
polybutylene terephthalate, polyethylene isophthalate, poly 
cyclohexandedimethanol terephthalate, polybutylene naph 
thalate, polycyclohexanedimethanol naphthalate, and 
copolymers and blends thereof. 

58. The rigid container of claim 48, the composition being 
blended With polyamides or copolyamides selected from the 
group consisting of Nylon 6, Nylon 66, Nylon 610 and 
mixtures thereof. 

59. The rigid container of claim 48, the composition being 
blended With bisphenol A carbonate. 
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60. The rigid container of claim 48, the composition being 
blended With vinylic polymers or copolymers selected from 
the group consisting of ethylene polymer, ethylene copoly 
mer, propylene polymer, propylene copolymer, styrene poly 
mer, styrene copolymer, acrylate polymer, acrylate copoly 
mer, vinyl chloride polymer, vinyl chloride copolymer, 
divinyl chloride polymer, divinyl chloride copolymer, ?u 
orinated vinyl polymer, ?uorinated vinyl copolymer and 
mixtures thereof. 

61. The rigid container of claim 48, the composition being 
laminated or adhering onto a substrate selected from the 
group consisting of paper, foil, high temperature ?lm, met 
alliZed ?lm, polyamide ?lms, ethylene vinyl alcohol ?lm, 
silica coated ?lm, nylon/EVOH/nylon, oriented polypropy 
lene, polyester ?lm, polyethylene, polypropylene, oriented 
polyethylene terephthalate, and cellophane. 

62. The rigid container of claim 48, Wherein the compo 
sition comprises a vinyl polymer selected from the group 
consisting of ethylene polymer, ethylene copolymer, propy 
lene polymer, propylene copolymer, styrene polymer, sty 
rene copolymer and mixtures thereof. 

63. The rigid container according to claim 48, Wherein the 
composition comprises an outer air contact layer and an 
inner oxygen scavenging layer. 

64. The rigid container according to claim 63, Wherein the 
outer air contact layer comprises an oxygen barrier resin 
selected from the group consisting of polyethylene tereph 
thalate, polyethylene naphthalate and a mixture of polyeth 
ylene terephthalate and polyethylene naphthalate. 

65. The rigid container according to claim 48, Wherein the 
composition further comprises at least one of an inner food 
contact layer, a tie layer, and a tinted ultraviolet protection 
layer. 

66. The rigid container according to claim 65, Wherein the 
inner food contact layer comprises an oxygen barrier resin 
selected from the group consisting of polyethylene tereph 
thalate, polyethylene naphthalate and a mixture of polyeth 
ylene terephthalate and polyethylene naphthalate. 

67. The rigid container of claim 48, Wherein the transition 
metal catalyst is a metal salt. 

68. The rigid container of claim 67, Wherein the metal in 
the metal salt is cobalt. 

69. The rigid container of claim 68, Wherein the metal salt 
is selected from the group consisting of cobalt neode 
canoate, cobalt 2-ethylhexanoate, cobalt oleate and cobalt 
stearate. 

70. The rigid container of claim 69, Wherein the triggering 
material is a photoinitiator. 

71. The rigid container of claim 70, Wherein the photo 
initiator has an ultraviolet absorption WindoW above 320 
nm. 

72. The rigid container of claim 17, Wherein the rigid 
container is suitable for packaging oxygen sensitive drinks 
for extended freshness and shelf life. 

73. The rigid container of claim 72, Wherein the oxygen 
sensitive drink is beer. 


