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(57) ABSTRACT 
Oxygen-scavenging compositions comprising an oxidiZable 
metal component, an electrolyte component and a solid, 
non-electrolytic, acidifying component. When blended With 
soft, ?exible polymeric resins, these compositions exhibit 
good oxygen-scavenging performance With improved oxi 
dation ef?ciency relative to compositions containing an 
oxidiZable metal component, an electrolyte, and an acidify 
ing component combined With a more rigid thermoplastic 
resins. Selection of a thermally stable non-electrolytic, acidi 
fying component is important When melt compounding the 
compositions into polymeric resins and particularly for 
extrusion coating applications. The compositions can be 
used directly as an oxygen absorbent resin melt-fabricated 
into a Wide variety of oxygen-scavenging packaging articles 
or as concentrates in combination With other thermoplastic 
resms. 
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OXYGEN-SCAVENGING COMPOSITIONS AND 
ARTICLES 

[0001] This is a continuation-in-part of copending appli 
cation Ser. No. 08/483,302 ?led Jun. 7, 1995, Which is a 
continuation-in-part of application Ser. No. 08/249,758 ?led 
May 25, 1994, noW abandoned, Which is a divisional of 
application Ser. No. 08/092,722 ?led Jul. 16, 1993, noW 
abandoned. 

FIELD OF THE INVENTION 

[0002] This invention relates to oxygen-scavenging com 
positions having utility in packaging and other applications. 

BACKGROUND OF THE INVENTION 

[0003] Products sensitive to oxygen, particularly foods, 
beverages and medicines, deteriorate or spoil in the presence 
of oxygen. One approach to reducing these dif?culties is to 
package such products With packaging materials containing 
at least one layer of a so-called “passive” gas barrier ?lm 
that can act as a physical barrier to transmission of oxygen 
but does not react With oxygen. Films obtained from ethyl 
ene vinyl alcohol copolymer (EVOH) or polyvinylidene 
dichloride (PVDC) are commonly used for this purpose due 
to their excellent oxygen barrier properties. By physically 
blocking transmission of oxygen, these barrier ?lms can 
maintain or substantially maintain initial oxygen levels 
Within a package. Because passive barrier ?lms can add cost 
to a packaging construction and do not reduce levels of 
oxygen already present in the packaging construction, hoW 
ever, there is a need for effective, loWer cost alternatives and 
improvements. 
[0004] An approach to achieving or maintaining a loW 
oxygen environment inside a package is to use a packet 
containing an oxygen absorbent material. The packet, also 
sometimes referred to as a pouch or sachet, is placed in the 
interior of the package along With the product. Sakamoto et 
al. discloses oxygen absorbent packets in Japan Laid Open 
Patent Application No. 121634/81 (1981). A typical ingre 
dient used in the oxygen scavenger carried in the packet is 
reduced iron poWder Which can react With oxygen to form 
ferrous oxide or ferric oxide, as disclosed in US. Pat. No. 
4,856,650. Also, it is knoWn to include in the packet, along 
With iron, a reaction promoter such as sodium chloride, and 
a Water-absorbing agent, such as silica gel, as described in 
US. Pat. No. 4,992,410. Japan Laid Open Patent Applica 
tion No. 82-24634 (1982) discloses an oxygen absorber 
composition comprising 100 parts by Weight (pbW) iron 
poWder, 2 to 7 pbW ammonium chloride, 8 to 15 pbW 
aqueous acid solution and 20 to 50 pbW of a slightly Water 
soluble ?ller such as activated clay. Japan Laid Open Patent 
Application No. 79-158386 (1979) discloses an oxygen 
arresting composition comprising a metal, such as iron, 
copper or Zinc, and optionally, a metal halide such as sodium 
chloride or Zinc chloride at a level of 0.001 to 100 pbW to 
1 pbW of metal and a ?ller such as clay at a level of 0.01 to 
100 pbW to 1 pbW of metal. 

[0005] Although oxygen absorbent or scavenger materials 
used in packets can react chemically With oxygen in the 
package, also sometimes referred to as “headspace oxygen”, 
they do not prevent external oxygen from penetrating into 
the package. Therefore, it is common for packaging in Which 
such packets are used to include additional protection such 
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as Wrappings of passive barrier ?lms of the type described 
above. This adds to product costs. With many easy-to 
prepare foods, another dif?culty With oxygen scavenger 
packets is that consumers may mistakenly open them and 
consume their contents together With the food. Moreover, 
the extra manufacturing step of placing a packet into a 
container can add to the cost of the product and sloW 
production. Further, oxygen absorbent packets are not useful 
With liquid products. 

[0006] In vieW of these disadvantages and limitations, it 
has been proposed to incorporate directly into the Walls of a 
packaging article a so-called “active” oxygen absorber, i.e., 
one that reacts With oxygen. Because such a packaging 
article is formulated to include a material that reacts With 
oxygen permeating its Walls, the packaging is said to provide 
an “active-barrier” as distinguished from passive barrier 
?lms Which block transmission of oxygen but do not react 
With it. Active-barrier packaging is an attractive Way to 
protect oxygen-sensitive products because it not only can 
prevent oxygen from reaching the product from the outside 
but also can absorb oxygen present Within a container. 

[0007] One approach for obtaining active-barrier packag 
ing is to incorporate a mixture of an oxidiZable metal (e.g., 
iron) and an electrolyte (e.g., sodium chloride) into a suit 
able resin, melt process the result into monolayer or multi 
layer sheets or ?lms and form the resulting oxygen scaven 
ger-containing sheets or ?lms into rigid or ?exible 
containers or other packaging articles or components. This 
type of active-barrier is disclosed in Japan Laid Open Patent 
Application No. 56-60642 (1981), directed to an oxygen 
scavenging sheet composed of a thermoplastic resin con 
taining iron, Zinc or copper and a metal halide. Disclosed 
resins include polyethylene and polyethylene terephthalate. 
Sodium chloride is the preferred metal halide. Component 
proportions are such that 1 to 500 parts metal halide are 
present per 100 parts resin and 1 to 200 parts metal halide 
are present per 100 parts metal. Similarly, US. Pat. No. 
5,153,038 discloses plastic multilayer vessels of various 
layer structures formed from a resin composition formed by 
incorporating an oxygen scavenger, and optionally a Water 
absorbing agent, in a gas barrier resin. The oxygen scaven 
ger can be a metal poWder such as iron, loW valence metal 
oxides or reducing metal compounds. The oxygen scavenger 
can be used in combination With an assistant compound such 
as a hydroxide, carbonate, sul?te, thiosul?te, tertiary phos 
phate, secondary phosphate, organic acid salt or halide of an 
alkali metal or alkaline earth metal. The Water absorbing 
agent can be an inorganic salt such as sodium chloride, 
calcium chloride, Zinc chloride, ammonium chloride, ammo 
nium sulfate, sodium sulfate, magnesium sulfate, disodium 
hydrogenphosphate, sodium dihydrogenphosphate, potas 
sium carbonate or sodium nitrate. The oxygen scavenger can 
be present at 1 to 1000 Weight % based on Weight of the 
barrier resin. The Water absorbing agent can be present at 1 
to 300 Weight % based on Weight of the barrier resin. 

[0008] One dif?culty With scavenger systems incorporat 
ing an oxidiZable metal (e.g., iron) and a metal halide (e.g., 
sodium chloride) into a thermoplastic layer is the inef? 
ciency of the oxidation reaction. To obtain sufficient oxygen 
absorption in active-barrier packaging, high loadings of 
scavenger composition are often used. This typically 
requires that sheets, ?lms and other packaging layer or Wall 
structures containing a scavenging composition be relatively 
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thick. This, in turn, contributes to cost of the packaging 
material and may preclude attainment of thin packaging 
?lms having adequate oxygen-scavenging capabilities. 

[0009] Another oxygen-scavenging composition, dis 
closed in US. Pat. No. 4,104,192, comprises a dithionite and 
at least one compound having Water of crystallization or 
Water of hydration. Listed among these compounds are 
various hydrated sodium salts, including carbonate, sulfate, 
sul?te and phosphates; sodium pyrophosphate decahydrate 
is speci?cally mentioned. As disclosed in Table 1, Example 
1 of the patent, sodium pyrophosphate decahydrate Was the 
least effective of the compounds tested. In addition, use of 
hydrate containing compounds may not suitable in oxygen 
scavenging resins that require high temperature processing. 
Thus, While a variety of approaches to maintaining or 
reducing oxygen levels in packaged items have been 
advanced, there remains a need for improved oxygen-scav 
enging compositions and packaging materials utiliZing the 
same. 

[0010] An object of the present invention is to provide 
improved oxygen-scavenging compositions and packaging. 
Another object is to provide loW cost, oxygen-scavenging 
compositions of improved efficiency. Another object is to 
provide oxygen-scavenging compositions that can be used 
effectively, even at relatively loW levels, in a Wide range of 
active-barrier packaging ?lms and sheets, including lami 
nated and coextruded multilayer ?lms and sheets. Another 
object is to provide active-barrier packaging containers that 
can increase the shelf-life of oxygen-sensitive products by 
sloWing the passage of external oxygen into the container, by 
absorbing oxygen present inside the container or both. Other 
objects Will be apparent to those skilled in the art. 

SUMMARY OF THE INVENTION 

[0011] These objects can be attained according to the 
invention by providing oxygen-scavenging compositions 
comprising at least one oxidiZable metal component, at least 
one electrolyte component and at least one solid, non 
electrolytic acidifying component. Optionally, a Water-re 
tentive binder and/or polymeric resin can be included in the 
composition, if desired. For particularly ef?cient oxygen 
absorption and cost effective formulations, the oxidiZable 
metal component comprises iron, the electrolyte component 
comprises sodium chloride and the solid, non-electrolytic, 
acidifying component comprises sodium acid pyrophos 
phate. In one embodiment, the invented compositions are 
provided in the form of a poWder or granules for use in 
packets. In another embodiment, the compositions include 
or are added to a thermoplastic resin and are used in 
fabrication of articles by melt processing methods. Concen 
trates comprising the compositions or their components and 
at least one thermoplastic resin also are provided and offer 
advantages in melt processing operations. For the embodi 
ments that include a thermoplastic resin, thermally stable 
acidifying components are preferred and provide a more 
aesthetically pleasing ?lm or article. Preferred thermoplastic 
resins are soft, ?exible resins Which enable the oxygen 
scavenging composition to absorb oxygen more ef?ciently. 
The invented compositions also are provided in the form of 
packaging structures and components thereof. 
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[0012] As used herein, the term “electrolyte compound” 
means a compound Which substantially dissociates in the 
presence of Water to form positive and negative ions. By 
“solid, non-electrolytic acidifying component” or, simply, 
“acidifying component,” is meant a component comprising 
a material Which is normally solid and Which, in dilute 
aqueous solution, has a pH less than 7 and disassociates only 
slightly into positive and negative ions. 

DESCRIPTION OF THE INVENTION 

[0013] The invented compositions are oxygen-scavenging 
compositions that exhibit improved oxygen-absorption ef? 
ciency relative to knoWn, oxidiZable metal-electrolyte sys 
tems, such as iron and sodium chloride, as a result of 
inclusion in the compositions of a non-electrolytic, acidify 
ing component. In the presence of moisture, the combination 
of the electrolyte and the acidifying components promotes 
reactivity of metal With oxygen to a greater extent than does 
either alone. Consequently, oxygen absorption ef?ciency of 
the invented compositions is greater than that of knoWn 
compositions. For a given Weight of oxygen-scavenging 
composition, the invented compositions provide greater 
scavenging capability than conventional materials, other 
things being equal. Alternatively, less of the invented com 
position is needed to provide a given level of oxygen 
scavenging capability than if conventional materials are 
used, other things being equal. 

[0014] Advantageously, When incorporated into thermo 
plastic resins used for making packaging articles and com 
ponents, the improved ef?ciency of the invented composi 
tions can lead to reductions in not only oxygen scavenger 
usage but, also, resin usage because the loWer loading levels 
permitted by the invented compositions facilitate doWn 
gauging to thinner or lighter Weight packaging structures. 

[0015] Another advantage of the invented compositions 
When used in fabrication of articles by melt processing is 
that one or more of the components of the composition can 
be provided in the form of a concentrate in a thermoplastic 
resin, thereby facilitating convenient use of the composi 
tions and tailoring of scavenging compositions to particular 
product requirements. 
[0016] The oxygen-scavenging composition of the present 
invention comprises an oxidiZable metal component, an 
electrolyte component, and a solid, non-electrolytic, acidi 
fying component. Optionally, the composition also com 
prises a Water-absorbing binder component. The composi 
tion can also comprise a polymeric resin if desired. The 
composition can be packaged in an enclosure to form a 
packet suitable for placement in the interior of a package. 
The enclosure can be made from any suitable material that 
is permeable to air but not permeable to the components of 
the oxygen-scavenging composition or the product to be 
packaged to a degree that Would alloW intermingling of the 
oxygen-scavenging composition With products With Which it 
might be packaged. Suitably, the enclosure is constructed of 
paper or air-permeable plastic. The composition also can be 
incorporated into polymeric resins for use in making fabri 
cated articles, for example by melt processing, spraying and 
coating techniques. 
[0017] Suitable oxidiZable metal components comprise at 
least one metal or compound thereof capable of being 
provided in particulate or ?nely divided solid form and of 
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reacting With oxygen in the presence of the other compo 
nents of the composition. For compositions to be used in 
packaging applications, the component also should be such 
that, both before and after reaction With oxygen, it does not 
adversely affect products to be packaged. Examples of 
oxidiZable metals include iron, Zinc, copper, aluminum, and 
tin. Examples of oxidiZable metal compounds include fer 
rous sulfate, cuprous chloride and other iron (II) and copper 
(I) salts as Well as tin (II) salts. Mixtures also are suitable. 
OxidiZable metal components consisting entirely or mostly 
of reduced iron poWder are preferred because they are highly 
effective in terms of performance, cost and ease of use. 

[0018] The invented compositions also comprise an elec 
trolyte component and a solid, non-electrolytic, acidifying 
component. These components function to promote reaction 
of the oxidiZable metal With oxygen. While either such 
component promotes oxidation in the absence of the other, 
the combination is more effective than either alone. 

[0019] Suitable electrolyte components comprise at least 
one material that substantially disassociates into positive and 
negative ions in the presence of moisture and promotes 
reactivity of the oxidiZable metal component With oxygen. 
Like the oxidiZable metal component, it also should be 
capable of being provided in granular or poWder form and, 
for compositions to be used in packaging, of being used 
Without adversely affecting products to be packaged. 
Examples of suitable electrolyte components include vari 
ous electrolytic alkali, alkaline earth and transition metal 
halides, sulfates, nitrates, carbonates, sul?tes and phos 
phates, such as sodium chloride, potassium bromide, cal 
cium carbonate, magnesium sulfate and cupric nitrate. Com 
binations of such materials also can be used. A particularly 
preferred electrolyte component, both for its cost and per 
formance, is sodium chloride. 

[0020] The acidifying component comprises a solid, non 
electrolytic compound that produces an acidic pH, i.e., less 
than 7, preferably less than 5, in dilute aqueous solution. The 
component disassociates into positive and negative ions 
only slightly in aqueous solution. As With the oxidiZable 
metal and electrolyte components, for compositions to be 
used in packaging applications, the acidifying component 
should be capable of being used Without adversely affecting 
products to be packaged. For applications in Which the 
invented compositions include or are to be used With a 
thermoplastic resin, the acidifying component also should 
have suf?cient thermal stability to Withstand melt com 
pounding, processing, and fabrication into the ?nal article or 
?lm. The term thermal stability as used herein means that the 
acidifying component decomposes only insubstantially, if at 
all, at the normal processing temperature of the polymer 
from Which the ?lm or article is fabricated. The acidi?er is 
considered to have decomposed When it no longer functions 
for its intended purpose or the ?lms and articles fabricated 
from the thermoplastic resin contain a signi?cant number of 
bubbles and voids due to the loss of Water or hydrate. For 
example, some acidifying components have a thermal 
decomposition temperature beloW typical thermoplastic pro 
cessing temperatures. Thus, When these acidifying compo 
nents are blended into the polymer they thermally decom 
pose into another material and no longer act as an acidi?er. 
Other acidifying components Will not thermally decompose 
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and continue to function as acidi?ers, but may lose Water or 
hydrate at higher processing temperatures. This loss of Water 
or hydrate during fabrication Will cause voids or bubbles to 
appear in the ?nal ?lm or article. 

[0021] Suitable materials include various organic and 
inorganic acids and their salts. Depending on the end-use 
application, particular groups of acidifying components are 
preferred. For the embodiment directed to use in a packet or 

sachet, organic acids and their salts can be used. For 
example citric acid, anhydrous citric acid, citric acid mono 
sodium salt, citric acid disodium salt, salicylic acid, ascorbic 
acid, tartaric acid, ammonium sulfate, ammonium phos 
phate, nicotinic acid, aluminum ammonium sulfate and 
sodium phosphate monobasic. Combinations of such mate 
rials may also be used. These acidifying components are not 
preferred for use in resin applications because their thermal 
decomposition temperature is beloW the compounding tem 
perature of common packaging resins. The thermal decom 
position temperature of some common organic acids are as 

folloWs: salicylic acid (98° C.); citric acid (175° C.); ascor 
bic acid (193° C.); and tartaric acid (191° C.). 

[0022] When the oxygen-scavenging compositions of the 
present invention are compounded into thermoplastic resins 
such as polyethylene, using polymer compounding or melt 
fabrication operations, preferred acidifying components are 
those that are thermally stable—i.e., do not thermally 
decompose and do not lose Water or hydrate—at typical ?lm 
processing temperatures Which range from about 200° C. to 
about 260° C. Examples include: potassium acid pyrophos 
phate, calcium acid pyrophosphate, monocalcium phos 
phate, magnesium sulfate, disodium dihydrogen pyrophos 
phate, also knoWn as sodium acid pyrophosphate, sodium 
metaphosphate, sodium trimetaphosphate, sodium hexam 
etaphosphate, aluminum sulfate and aluminum potassium 
sulfate. Combinations of these materials may also be used. 
The dehydration temperature of sodium acid pyrophosphate 
and monocalcium phosphate is 266° C. and 235° C. respec 
tively. 

[0023] It has been discovered that although these acidify 
ing components are thermally stable at normal resin pro 
cessing temperatures, they are less stable at higher process 
ing temperatures, such as those used for extrusion coating 
Which range from about 270° C. to about 340° C. At these 
higher processing temperatures some acidifying components 
liberate Water Which creates voids and bubbles in the ?lms 
and articles manufactured. These voids and bubbles give the 
?nal ?lms and articles an unpleasant appearance, and if the 
voids and bubbles are large enough, may reduce the ?lms 
ability to scavenge oxygen. In order to obtain the improved 
oxygen-scavenging bene?ts of the acidifying component 
Without compromising the quality of the ?lm, dehydrated 
derivatives of certain acidifying components are used. Con 
veniently, dehydration may be accomplished by calcination 
in a furnace or kiln. The calcining process drives off the 
Water from the acidifying component prior to its compound 
ing and use in a high temperature fabrication operation. In 
this manner, the Water is not driven off during the extrusion 
?lm coating process and the formation of voids and bubbles 
is prevented. Preferably, no more than 500 ppm of Water 
remain in the oxygen-scavenging resin composition, and 
more preferably no more than 100 ppm. 
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[0024] In addition, the Water may be driven off during the 
initial melt compounding of the oxygen-scavenging com 
position to form oxygen-scavenging resin pellets. These 
pellets are then subsequently processed or fabricated into the 
?nal article or ?lm. Since the Water is driven off during the 
initial melt-compounding, and not during fabrication, for 
mation of voids and bubbles in the ?lm or article is avoided. 

[0025] For such high temperature extrusion coating pro 
cess, preferred acidifying components are those that are 
thermally stable above 270° C. Examples include calcined 
products of: monocalcium phosphate, monomagnesium 
phosphate, magnesium sulfate, disodium dihydrogen pyro 
phosphate, also knoWn as sodium acid pyrophosphate, 
sodium metaphosphate, sodium trimetaphosphate, sodium 
phosphate monobasic, sodium hexametaphosphate, alumi 
num sulfate, potassium phosphate monobasic, potassium 
acid pyrophosphate, aluminum potassium sulfate and com 
binations thereof. Sodium metaphosphate, sodium trimeta 
phosphate, and sodium hexametaphosphate are all interme 
diates of the sodium acid pyrophosphate calcining process. 
Extrusion coated packaging ?lms and articles made from 
oxygen-scavenging resins containing a metal compound, an 
electrolyte and a calcined acidifying component, are free of 
voids and bubbles and exhibit improved oxygen absorption 
rates and capacity compared to those scavenging resins that 
contain no acidifying component. The thermal decomposi 
tion temperature of calcined monocalcium phosphate is 375° 
C. and calcined sodium acid pyrophosphate or sodium 
hexametaphosphate is 550° C. 

[0026] Components of the invented oxygen-scavenging 
compositions are present in proportions effective to provide 
oxygen-scavenging effects. Preferably, at least one part by 
Weight electrolyte component plus acidifying component is 
present per hundred parts by Weight oxidiZable metal com 
ponent, With the Weight ratio of electrolyte component to 
acidifying component ranging from about 99:1 to about 
1:99. More preferably, at least about 10 parts electrolyte plus 
acidifying components are present per 100 parts oxidiZable 
metal component to promote ef?cient usage of the latter for 
reaction With oxygen. There is no upper limit on the amount 
of electrolyte plus acidi?er relative to metal from this 
standpoint although little or no gain in oxidation ef?ciency 
is seen above about 200 parts per 100 parts metal and 
economic and processing considerations may favor loWer 
levels. In order to achieve an advantageous combination of 
oxidation ef?ciency, loW cost and ease of processing and 
handling, about 30 to about 150 parts electrolyte plus 
acidifying component per 100 parts metal component are 
most preferred. 

[0027] An optional Water-absorbing binder can also be 
included in the invented compositions, if desired, to further 
enhance oxidation ef?ciency of the oxidiZable metal. The 
binder can serve to provide additional moisture Which 
enhances oxidation of the metal in the presence of the 
promoter compounds. The binder is dry When it is added to 
the oxygen-scavenging composition and absorbs moisture 
from the products packages in the ?nal article or during 
retort. Water-absorbing binders suitable for use generally 
include materials that absorb at least about 5 percent of their 
oWn Weight in Water and are chemically inert. Examples of 
suitable binders include diatomaceous earth, boehmite, 
kaolin clay, bentonite clay, acid clay, activated clay, Zeolite, 
molecular sieves, talc, calcined vermiculite, activated car 
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bon, graphite, carbon black, and the like. It is also contem 
plated to utiliZe organic binders, examples including various 
Water absorbent polymers as disclosed in Koyama et al., 
European Patent Application No. 428,736. Mixtures of such 
binders also can be employed. Preferred binders are bento 
nite clay, kaolin clay, and silica gel. When used, the Water 
absorbent binder preferably is used in an amount of at least 
about ?ve parts by Weight per hundred parts by Weight of the 
oxidiZable metal, electrolyte and acidifying components. 
More preferably, about 15 to about 100 parts of binder per 
hundred parts metal are present as lesser amounts may have 
little bene?cial effect While greater amounts may hinder 
processing and handling of the overall compositions Without 
offsetting gain in oxygen-scavenging performance. When a 
binder component is used in compositions compounded into 
plastics, the binder most preferably is present in an amount 
ranging from about 10 to about 50 parts per hundred parts 
metal to enhance oxidation ef?ciency at loading levels loW 
enough to ensure ease of processing. 

[0028] A particularly preferred oxygen-scavenging com 
position according to the invention comprises iron poWder 
as the metal component, sodium chloride as the electrolyte 
and sodium acid pyrophosphate or monocalcium phosphate 
as the acidifying component, With about 10 to about 150 
parts by Weight sodium chloride plus sodium acid pyrophos 
phate or monocalcium phosphate being present per hundred 
parts by Weight iron and the Weight ratio of sodium chloride 
to sodium acid pyrophosphate or monocalcium phosphate 
being about 10:90 to about 90:10. Optionally, up to about 
100 parts by Weight Water absorbing binder per hundred 
parts by Weight of the other components also are present. 
Most preferably, the composition comprises iron poWder, 
about 5 to about 100 parts sodium chloride and about 5 to 
about 70 parts sodium acid pyrophosphate per hundred parts 
iron and up to about 50 parts binder per hundred parts of the 
other components. 

[0029] According to another aspect of this invention, there 
is provided an oxygen scavenger resin composition com 
prising at least one plastic resin and the above-described 
oxygen-scavenging composition, With or Without the Water 
absorbent binder component. The selection of the acidifying 
component Will depend on the melt fabrication temperature 
of the plastic resin. Sodium acid pyrophosphate and mono 
calcium phosphate are thermally stable above 2000 C., While 
calcined products of sodium acid pyrophosphate and cal 
cined products of monocalcium phosphate are stable above 
270° C. 

[0030] Any suitable polymeric resin into Which an effec 
tive amount of the oxygen-scavenging composition of this 
invention can be incorporated and that can be formed into a 
laminar con?guration, such as ?lm, sheet or a Wall structure, 
can be used as the plastic resin in the compositions accord 
ing to this aspect of the invention. Thermoplastic and 
thermoset resins can be used. Examples of thermoplastic 
polymers include polyamides, such as nylon 6, nylon 66 and 
nylon 612, linear polyesters, such as polyethylene tereph 
thalate, polybutylene terephthalate and polyethylene naph 
thalate, branched polyesters, polystyrenes, styrene block 
copolymers such as those comprising styrene blocks and 
rubber blocks comprising ethylene, propylene, isoprene, 
butadiene, butylene or isobutylene polymer blocks or com 
binations thereof, polycarbonate, polymers of unsubstituted, 
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substituted or functionaliZed ole?ns such as polyvinyl chlo 
ride, polyvinylidene dichloride, polyacrylamide, polyacry 
lonitrile, polyvinyl acetate, polyacrylic acid, polyvinyl 
methyl ether, ethylene vinyl acetate copolymer, ethylene 
methyl acrylate copolymer, polyethylenes (including, high, 
loW, and linear loW density polyethylenes and so-called 
metallocene polyethylenes), polypropylene, ethylene-propy 
lene copolymers, poly(1-hexene), poly(4-methyl-1-pen 
tene), poly(1-butene), poly(3-methyl-1-butene), poly(3-phe 
nyl-1-propene) and poly(vinylcyclohexane). 
Homopolymers and copolymers are suitable as are polymer 
blends containing one or more of such materials. Thermo 

setting resins, such as epoxies, oleoresins, unsaturated poly 
ester resins and phenolics also are suitable. 

[0031] Preferred polymers are thermoplastic resins having 
oxygen permeation coe?icients greater than about 2><10_12 
cc-cm/cmZ-sec-cm Hg as measured at a temperature of 20° 
C. and a relative humidity of 0% because such resins are 
relatively inexpensive, easily formed into packaging struc 
tures and, When used With the invented oxygen-scavenging 
compositions, can provide a high degree of active barrier 
protection to oxygen-sensitive products. Examples of these 
include polyethylene terephthalate and polyalpha-ole?n res 
ins such as high, loW and linear loW density polyethylene 
and polypropylene. Even relatively loW levels of oxygen 
scavenging composition, e.g., about 5 to about 15 parts per 
hundred parts resin, can provide a high degree of oxygen 
barrier protection to such resins. Among these preferred 
resins, permeability to oxygen increases in the order poly 
ethylene terephthalate (“PET”), polypropylene (“PP”), high 
density polyethylene (“HDPE”), linear loW density polyeth 
ylene (“LLDPE”), and loW density polyethylene (“LDPE”), 
other things being equal. Accordingly, for such polymeric 
resins, oxygen scavenger loadings for achieving a given 
level of oxygen barrier effectiveness increase in like order, 
other things being equal. 

[0032] According to a preferred embodiment of the inven 
tion, the thermoplastic resin comprises a soft resin With a 
?exible molecular chain. Such soft resins With the ?exibility 
of rubber, such as polyalpha-ole?ns polymeriZed using 
metallocene catalysts (also knoWn as plastomers) and ther 
moplastic elastomers, shoW unexpectedly superior oxygen 
absorption e?iciency When compared to more rigid thermo 
plastic resins, all other conditions being equal. It is believed 
that the ?exible molecular structure of soft resins facilitates 
the migration and intimate contact of the oxygen-scavenging 
components. This close contact promotes the oxidation 
reaction Which leads to unexpectedly higher oxygen absorp 
tion e?iciency (cc OZ/gm Fe) compared to harder and more 
rigid polymeric resins. The softness and ?exibility of a resin 
can be determined by examining several properties includ 
ing its 1% secant modulus (ASTM D 882-3) and its Shore 
Hardness (ASTM D 2240). Measuring either of the proper 
ties Will provide a good indication of Whether a resin Will 
exhibit improved oxygen e?iciency. Typically, improved 
oxygen absorption e?iciency can be found in resins With a 
1% secant modulus less than 25,000 psi. and/or a Shore D 
Hardness less than 45. Preferred resins have a 1% secant 
modulus less than about 20,000 psi. and/or a Shore D 
Hardness less than about 42. Sample carrier resins, their 
secant modulus and Shore Hardness are listed in Example 
11, Table II. 
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[0033] Preferred, soft, ?exible resins according to this 
embodiment of the invention are polyalpha-ole?ns polymer 
iZed using metallocene catalysts such as metallocene poly 
ethylenes (“mPE”) and metallocene polypropylenes 
(“mPP”). mPEs are copolymers of ethylene With at least one 
higher alpha-ole?n of about 4-8 carbons such as butene, 
hexene and octene With comonomer levels from about 
1-25%. mPEs also have a narroW molecular Weight distri 

bution—(MW)W/(MW)n—of about 2 to 5. Speci?c 
examples include DoW Af?nity resins, DoW/Dupont Engage 
resins and Exxon Exact resins. These mPEs are described in 
the literature as linear, short chain branched polymer chains 
With high comonomer content, narroW comonomer distri 
bution and uniform, narroW molecular Weight distribution. 
The 1% secant modulus range for mPEs is about 2,500 to 
about 9,000 psi, and the Shore D Hardness from about 29 
to about 41. By contrast, the conventional multi-site Zieglar 
Natta-catalyZed polyole?ns (e.g. “LLDPE”) are linear With 
broad comonomer distribution and broader molecular 
Weight distribution of about 6 to 8, and traditional radical 
initiated polyole?ns (e.g. “LDPE”) contain no comonomers, 
are highly branched With long and short chain branches, and 
have a broad molecular Weight distribution of about 10 to 
14. Conventional LDPE resins have a 1% secant modulus 
from about 25,000 psi. to about 38,000 psi. and a Shore 
D Hardness from about 45-55. LLDPE resins have a 1% 
secant modulus from about 30,000 to about 75,000 and a 
Shore D Hardness from about 45-55. Polypropylene has a 
1% secant modulus range from about 160,000 to about 
230,000 psi. and a Shore D Hardness from about 65 to 
about 85. As carrier resins for the oxygen-scavenging com 
ponent, mPEs have shoWn superior oxygen absorption rates 
and capacities relative to oxygen scavenger carrier resins 
comprising conventional LDPE, LLDPE and PP. 

[0034] Another group of preferred, soft, ?exible resins that 
shoW improved oxygen absorption e?iciency are styrene 
block copolymers such as those comprising styrene blocks 
and rubber blocks of ethylene, propylene, isoprene, butadi 
ene, butylene or isobutylene or combinations thereof. (“sty 
rene-rubber block copolymers”). Styrene-rubber block 
copolymers consist of block segments of polymeriZed sty 
rene monomer units and rubber monomer units such as 

butadiene, isoprene and ethylene-butylene. The styrene/ 
rubber ratio in the copolymers can vary Widely, but typically 
from 15-40 parts styrene blocks to 60-85 parts rubber 
blocks. The rubber units give these block copolymers their 
?exibility and elasticity. The 1% secant modulus of these 
block copolymers is from about 150 to about 2000 psi. 
Their Shore D Hardness is from about 5 to about 15. As 
suggested above, this ?exibility and softness facilitates 
migration and intimate contact betWeen the oxygen-scav 
enging components—i.e., the oxidiZable metal component, 
electrolyte component and solid, non-electrolytic, acidifying 
component—Which promotes the e?icient oxidation of the 
metal component. 

[0035] A speci?c example of such block copolymers are 
Shell’s G and D series Kraton® rubber polymers Which are 
soft, ?exible, elastic, thermoplastics. Shell’s G series Kra 
ton® consists of styrene-ethylene-butylene-styrene block 
copolymers (“SEBS”), and the D series consists of styrene 
butadiene-styrene block copolymer (“SBS”). Another 
example is a styrene-isobutylene-styrene block copolymer 
(“SIBS”). 
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[0036] In addition to metallocene-catalyZed polyole?ns 
and styrene-rubber block copolymers, soft, ?exible resins 
such as very loW density polyethylene (“VLDPE”), ultra loW 
density polyethylene (“ULDPE”), elastomeric forms of 
polypropylene such as elastomeric homopolypropylene 
(“EHPP”), and elastomeric copolymer polypropylene can 
also be used as the carrier resin to enhance oxygen absorp 
tion efficiency. ULDPE and VLDPE have a 1% secant 
modulus from about 18,000 to about 20,000 psi. and a 
Shore D Hardness of about 42. Elastomeric forms of PP have 
a Shore D of about 20 and 1% secant modulus of about 1,800 
psi. Selection of the polymeric resin Will depend upon 
several factors including the end-use packaging application, 
the level of oxygen absorption required, and Whether or not 
the oxygen-scavenging composition in the polymeric resin 
Will be further blended With the same or distinct resin. 

[0037] In selecting a thermoplastic resin for use or com 
pounding With the oxygen-scavenging composition of the 
invention, the presence of residual antioxidant compounds 
in the resin can be detrimental to oxygen absorption effec 
tiveness. Phenol-type antioxidants and phosphite-type anti 
oxidants are commonly used by polymer manufacturers for 
the purpose of enhancing thermal stability of resins and 
fabricated products obtained therefrom. Speci?c examples 
of these residual antioxidant compounds include materials 
such as butylated hydroxytoluene, tetrakis(methylene(3,5 
di-t-butyl-4-hydroxyhydro-cinnamate)methane and triisooc 
tyl phosphite. Such antioxidants are not to be confused With 
the oxygen scavenger components utiliZed in the present 
invention. Generally, oxygen absorption of the scavenger 
compositions of the present invention is improved as the 
level of residual antioxidant compounds is reduced. Thus, 
commercially available resins containing loW levels of phe 
nol-type or phosphite-type antioxidants, preferably less than 
about 1600 ppm, and most preferably less than about 800 
ppm, by Weight of the resin, are preferred (although not 
required) for use in the present invention. Examples are DoW 
Chemical DoWlex 2032 linear loW density polyethylene 
(LLDPE); Union Carbide GRSN 7047 LLDPE; Goodyear 
PET “Traytuf” 9506; and Eastman PETG 6763. Commer 
cially available mPEs such as Exxon Exact, DoW Af?nity, 
and DoW/Dupont Engage have acceptable levels of antioxi 
dants and styrene-rubber block copolymers such as Kraton® 
have suitable levels as Well. Measurement of the amount of 
residual antioxidant can be performed using high pressure 
liquid chromatography. 

[0038] When used in combination With resins, the oxidiZ 
able metal, electrolyte and acidifying components of the 
invented oxygen-scavenging compositions, and any optional 
Water-absorbent binder that may be used, are used in par 
ticulate or poWder form. Particle siZes of 50 mesh or smaller 
are preferred to facilitate melt-processing of oxygen scav 
enger thermoplastic resin formulations. For use With ther 
moset resins for formation of coatings, particle siZes smaller 
than the thickness of the ?nal coating are employed. The 
oxygen scavenger can be used directly in poWder or par 
ticulate form, or it can be processed, for example by melt 
compounding or compaction-sintering, into pellets to facili 
tate further handling and use. 

[0039] Processing aids may also be used When the oxygen 
scavenging components are combined With resins. For 
example, ?ouropolymers such as Dynamar FX-9613 and 
FX-5920A available from Dyneon can be added to the melt 
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compounding process to reduce the melt fracture of the 
polymer matrix and possibly reduce the die pressure. Pref 
erably, 50 ppm-5000 ppm of ?ouropolymer may be added, 
more preferably 200 ppm-2000 ppm, and most preferably 
500 ppm-1000 ppm of ?ouropolymer may be added to the 
oxygen-scavenging resin comprised of oxidiZable metal, 
electrolyte, acidifying component, and the carrier resin of 
the present invention. 

[0040] The mixture of oxidiZable metal component, elec 
trolyte component, acidifying component and optional 
Water-absorbent binder can be added directly to a thermo 
plastic polymer compounding or melt-fabrication operation, 
such as in the extrusion section thereof, after Which the 
molten mixture can be advanced directly to a ?lm or sheet 
extrusion or coextrusion line to obtain monolayer or multi 
layer ?lm or sheet in Which the amount of oxygen-scaveng 
ing composition is determined by the proportions in Which 
the composition and resin are combined in the resin feed 
section of the extrusion-fabrication line. Alternatively, the 
mixture of oxidiZable metal component, electrolyte compo 
nent, acidifying component and optional binder can be 
compounded into masterbatch concentrate pellets, Which 
can be further let doWn into packaging resins for further 
processing into extruded ?lm or sheet, or injection molded 
articles such as tubs, bottles, cups, trays and the like. Soft, 
?exible resins With a 1% Secant modulus less than 25,000 
psi. and a Shore D Hardness less than 45 are more preferred 
carrier resins for the concentrate pellets because they pro 
mote greater oxygen absorption efficiency When used in 
combination With more rigid packaging resins. Soft, ?exible 
resins With a 1% Secant modulus less than about 20,000 
psi. and a Shore D Hardness less than about 42 are 
particularly preferred. Again, examples of such resins 
include mPEs, styrene-rubber block copolymers, VLDPE, 
ULDPE, and elastomeric forms of polypropylene. Particu 
larly preferred carrier resins are styrene-butadiene block 
copolymers and metallocene polyethylenes. 
[0041] The degree of mixing of oxidiZable metal, electro 
lyte and acidifying components and, if used, optional binder 
component has been found to affect oxygen absorption 
performance of the oxygen-scavenging compositions, With 
better mixing leading to better performance. Mixing effects 
are most noticeable at loW electrolyte plus acidifying com 
ponents to oxidiZable metal component ratios and at very 
loW and very high acidifying component to electrolyte 
component ratios. BeloW about 10 parts by Weight electro 
lyte plus acidifying components per hundred parts by Weight 
metal component, or When the Weight ratio of either the 
electrolyte or acidifying component to the other is less than 
about 10:90, the oxygen scavenger components are prefer 
ably mixed by aqueous slurry mixing folloWed by oven 
drying and grinding into ?ne particles. BeloW these ratios, 
mixing by techniques suitable at higher ratios, such as by 
high-intensity poWder mixing, as in a Henschel mixer or a 
Waring poWder blender, or by loWer intensity mixing tech 
niques, as in a container on a roller or tumbler, may lead to 
variability in oxygen uptake, particularly When the compo 
sitions are incorporated into thermoplastic resins and used in 
melt processing operations. Other things being equal, it has 
been found that oxygen-scavenging compositions prepared 
by slurry mixing have the highest oxygen absorption ef? 
ciency or performance, folloWed in order by compositions 
prepared using high intensity solids mixers and roller/ 
tumbler mixing techniques. HoWever, When mixing a com 
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position containing a calcined acidifying component for use 
in a high temperature application, non-slurry mixing tech 
niques are preferred. 

[0042] Other factors that may affect oxygen absorption 
performance of the invented oxygen-scavenging composi 
tions include surface area of articles incorporating the com 
positions, With greater surface area normally providing 
better oxygen absorption performance. The amount of 
residual moisture in the Water-absorbent binder, if used, also 
can affect performance With more moisture in the binder 
leading to better oxygen absorption performance. HoWever, 
there are practical limits on the amount of moisture that 
should be present in the binder because too much can cause 
premature activation of the oxygen scavenger composition 
as Well as processing dif?culties. The moisture can also 
cause poor aesthetics, such as bubbles and voids, in fabri 
cated products. Especially those fabricated at high tempera 
tures. 

[0043] When incorporated into thermoplastic resins and 
used for fabrication of articles by melt processing tech 
niques, the nature of the resin also can have a signi?cant 
effect. Thus When the invented oxygen-scavenging compo 
sitions are used With amorphous and/or oxygen permeable 
polymers such as polyole?ns or amorphous polyethylene 
terephthalate, higher oxygen absorption is seen than When 
the compositions are used With crystalline and/or oxygen 
barrier polymers such as crystalline polyethylene terephtha 
late and EVOH. Superior oxygen absorption efficiency is 
observed When the invented compositions are used With soft, 
?exible resins such as metallocene catalyZed polyole?ns and 
styrene-rubber block copolymers. 

[0044] When used With thermoplastic resins, the oxygen 
scavenging compositions can be incorporated directly into 
the resin in amounts effective to provide the desired level of 
oxygen-scavenging ability. When so-used, preferred oxygen 
scavenger levels Will vary depending on the choice of resin, 
con?guration of the article to be fabricated from the resin 
and oxygen-scavenging capability needed in the article. Use 
of resins With loW inherent viscosity, e.g., loW molecular 
Weight resins, normally permits higher loadings of scaven 
ger composition Without loss of processability. Conversely, 
lesser amounts of oxygen scavenger may facilitate use of 
polymeric materials having higher viscosities. Preferably, at 
least about 2 parts by Weight oxygen-scavenging composi 
tion are used per 100 parts by Weight resin. Loading levels 
above about 200 parts per hundred parts resin generally do 
not lead to gains in oxygen absorption and may interfere 
With processing and adversely affect other product proper 
ties. More preferably, loading levels of about 5 to about 150 
parts per hundred are used to obtain good scavenging 
performance While maintaining processability. Loading lev 
els of about 5 to about 15 parts per hundred are particularly 
preferred for fabrication of thin ?lms and sheets. For ?lms 
and sheets made directly from resin concentrates, loading 
levels of about 5 to about 100 parts oxygen-scavenging 
composition per hundred parts resin are preferred, 5 to 50 
parts most preferred. 

[0045] Preferred oxygen scavenger resin compositions for 
fabrication of packaging articles comprise at least one 
thermoplastic resin and about 5 to about 150 parts by Weight 
oxygen-scavenging composition per hundred parts by 
Weight resin, more preferably 5 to about 50 parts, With the 
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oxygen-scavenging composition comprising iron poWder, 
sodium chloride and sodium acid pyrophosphate. About 10 
to about 200 parts by Weight sodium chloride and sodium 
acid pyrophosphate per hundred parts by Weight iron are 
present in the scavenging composition, more preferably 
about 30 to about 130 parts and the Weight ratio of sodium 
chloride to sodium acid pyrophosphate is about 10:90 to 
about 90:10. Up to about 50 parts by Weight Water-absorbent 
binder per hundred parts by Weight of resin and oxygen 
scavenger also can be included. Especially preferred com 
positions of this type comprise polypropylene, high, loW or 
linear loW density polyethylene or polyethylene terephtha 
late as the resin, about 5 to about 30 parts by Weight oxygen 
scavenger per hundred parts by Weight resin, about 5 to 
about 100 parts by Weight sodium chloride and about 5 to 
about 70 parts by Weight sodium acid pyrophosphate per 
hundred parts by Weight iron and up to about 50 parts by 
Weight binder per hundred parts by Weight iron plus sodium 
chloride plus sodium acid pyrophosphate. 

[0046] Another preferred composition for packaging 
articles comprises a soft, ?exible resin such as mPE or a 
styrene-rubber block copolymer, and about 5 to about 150 
parts by Weight oxygen scavenger per hundred parts by 
Weight resin, With the oxygen-scavenging composition com 
prising iron poWder, sodium chloride and sodium acid 
pyrophosphate or monocalcium phosphate. The oxygen 
scavenger is about 5 to about 150 parts by Weight sodium 
chloride and about 5 to about 100 parts by Weight sodium 
acid pyrophosphate or monocalcium phosphate per hundred 
parts by Weight iron. 

[0047] When packaging articles are manufactured using a 
high temperature fabrication process, use of calcined sodium 
acid pyrophosphate or calcined monocalcium phosphate as 
acidifying components are preferred to prevent the forma 
tion of bubbles and voids in the fabricated article. 

[0048] While the oxygen-scavenging composition and 
resin can be used in a non-concentrated form for direct 
fabrication of scavenging sheets or ?lms (i.e., Without fur 
ther resin dilution), it also is bene?cial to use the oxygen 
scavenging composition and resin in the form of a concen 
trate. When so-used, the ability to produce a concentrate 
With loW materials cost Weighs in favor of relatively high 
loadings of scavenger that Will still permit successful melt 
compounding, such as by extrusion pelletiZation. Thus con 
centrate compositions according to the invention preferably 
contain at least about 10 parts by Weight oxygen-scavenging 
composition per hundred parts by Weight resin and more 
preferably about 30 to about 150 parts per hundred. Suitable 
resins for such oxygen-scavenging concentrate composi 
tions include any of the thermoplastic polymer resins 
described herein. LoW melt viscosity resins facilitate use of 
high scavenger loadings and typically are used in small 
enough amounts in melt fabrication of ?nished articles that 
the typically loWer molecular Weight of the concentrate resin 
does not adversely affect ?nal product properties. Preferred 
carrier resins are polypropylene, high density, loW density 
and linear loW density polyethylenes, and polyethylene 
terephthalate. Preferred among those are polypropylenes 
having melt ?oW rates (ASTM D1238) of about 1 to about 
40 g/10 min, polyethylenes having melt indices (ASTM 
D1238) of about 1 to about 20 g/10 min and polyethylene 
terephthalates having inherent viscosities (ASTM D2857) of 
about 0.6 to about 1 in phenol/trichloroethane. 
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[0049] A most preferred carrier resin for the concentrate 
compositions are the soft, ?exible resins as indicated by a 
Shore D Hardness less than 45 and/or a secant modulus less 
than 25,000 psi. Particularly preferred are those resins With 
a 1% Secant modulus less than about 20,000 psi. and a 
Shore D Hardness less than about 42. These concentrate 
resins preferably contain about 30 to about 150 parts by 
Weight oxygen-scavenging component per hundred parts by 
Weight resin and most preferably about 75 to about 125 parts 
by Weight oxygen-scavenging composition per 100 parts by 
Weight resin. The oxygen-scavenging composition is pref 
erably about 25 to 125 parts by Weight sodium chloride and 
about 25 to 75 parts by Weight acidifying component 
selected from sodium acid pyrophosphate, monocalcium 
phosphate, calcined sodium acid pyrophosphate or calcined 
monocalcium phosphate per 100 parts by Weight iron. For 
fabrication of thin ?lms from these concentrates, loading 
levels of about 5-150 parts oxygen-scavenging composition 
to 100 parts resin is preferred, and about 10-100 parts 
oxygen-scavenging composition to hundred parts resin is 
more preferred, and 10-50 parts oxygen-scavenging com 
position to hundred parts resin is most preferred. Concen 
trates and ?lms produced in accordance With the above, 
exhibit superior oxygen absorption capabilities. 

[0050] When concentrates are used to fabricate oxygen 
scavenging ?lms and packaging articles, such concentrates 
can be used alone or in combination With a thermoplastic 
resin that is either the same or distinct from the carrier resin. 
Thus, the concentrate can be comprised of a soft ?exible 
resin and the ?lm resin selected from polypropylene, poly 
ethylene, polyethylene terephthalate or any other suitable 
resin depending on the ?nal packaging structure. Likewise, 
both the carrier resin and the ?lm or packaging resin can be 
comprised of the same or distinct soft, ?exible resin or the 
same or distinct more rigid thermoplastic resin. Preferably, 
at least the carrier resin is of the soft, ?exible type to achieve 
superior oxygen absorption capabilities. 

[0051] It also is contemplated to utiliZe various compo 
nents of the oxygen-scavenging composition or combina 
tions of such components to form tWo or more concentrates 
that can be combined With a thermoplastic resin and fabri 
cated into an oxygen-scavenging product. An advantage of 
using tWo or more concentrates is that the electrolyte and 
acidifying components can be isolated from the oxidiZable 
metal until preparation of ?nished articles, thereby preserv 
ing full or essentially full oxygen-scavenging capability 
until actual use and permitting loWer scavenger loadings 
than Would otherWise be required. In addition, separate 
concentrates permit more facile preparation of differing 
concentrations of the electrolyte and acidifying components 
and/or Water absorbent binder With the oxidiZable metal and 
also enable fabricators to conveniently formulate a Wide 
range of melt-processible resin compositions in Which oxy 
gen-scavenging ability can be tailored to speci?c end use 
requirements. Preferred components or combinations of 
components for use in separate concentrates are (1) acidi 
fying component; (2) combinations of oxidiZable metal 
component With Water absorbing binder component; and (3) 
combinations of electrolyte and acidifying components. 

[0052] Aparticularly preferred component concentrate is a 
composition comprising an acidifying component such as 
sodium acid pyrophosphate, monocalcium phosphate, cal 
cined sodium acid pyrophosphate or calcined monocalcium 
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phosphate and a thermoplastic resin. Such a concentrate can 
be added in desired amounts in melt fabrication operations 
utiliZing thermoplastic resin that already contains, or to 
Which Will be added, other scavenging components, such as 
an oxidiZable metal or combination thereof With an electro 
lyte, to provide enhanced oxygen-scavenging capability. 
Especially preferred are concentrates containing about 10 to 
about 150 parts by Weight sodium acid pyrophosphate, 
calcined sodium acid pyrophosphate, or calcined monocal 
cium phosphate per hundred parts by Weight resin. The 
concentrate resin may be selected from any number of resins 
such as With polypropylene, polyethylene and polyethylene 
terephthalate, With soft ?exible resins being the most pre 
ferred With mPEs and styrene-rubber block copolymers 
giving the best results. 

[0053] Polymeric resins that can be used for incorporating 
the oxygen-scavenging compositions into internal coatings 
of cans via spray coating and the like are typically thermoset 
resins such as epoxy, oleoresin, unsaturated polyester resins 
or phenolic based materials. 

[0054] This invention also provides articles of manufac 
ture comprising at least one melt-fabricated layer incorpo 
rating the oxygen-scavenging compositions as described 
above. Because of the improved oxidation ef?ciency 
afforded by the invented oxygen-scavenging compositions, 
the scavenger-containing layer can contain relatively loW 
levels of the scavenger. The articles of the present invention 
are Well suited for use in ?exible or rigid packaging struc 
tures. In the case of rigid sheet packaging according to the 
invention, the thickness of the oxygen-scavenging layer is 
preferably not greater than about 100 mils, and is most 
preferably in the range of about 10 to about 50 mils. In the 
case of ?exible ?lm packaging according to the invention, 
the thickness of the oxygen scavenger layer is preferably not 
greater than about 10 mils and, most preferably, about 0.5 to 
about 8 mils. As used herein, the term “mils” is used for its 
common meaning, i.e., one-thousandth of an inch. Packag 
ing structures and fabricated articles according to the inven 
tion can be in the form of ?lms or sheets, both rigid and 
?exible, as Well as container or vessel Walls and liners as in 
trays, cups, boWls, bottles, bags, pouches, boxes, ?lms, cap 
liners, can coatings and other packaging constructions. Both 
monolayer and multilayer structures are contemplated. 

[0055] The oxygen-scavenging composition and resin of 
the present invention afford active-barrier properties in 
articles fabricated therefrom and can be melt processed by 
any suitable fabrication technique into packaging Walls and 
articles having excellent oxygen barrier properties Without 
the need to include layers of costly gas barrier ?lms such as 
those based on EVOH, PVDC, metalliZed polyole?n or 
polyester, aluminum foil, silica coated polyole?n and poly 
ester, etc. The oxygen scavenger articles of the present 
invention also provide the additional bene?t of improved 
recyclability. Scrap or reclaim from the oxygen-scavenging 
resin can be easily recycled back into plastic products 
Without adverse effects. In contrast, recycle of EVOH or 
PVDC gas barrier ?lms may cause deterioration in product 
quality due to polymer phase separation and gelation occur 
ring betWeen the gas barrier resin and other resins making up 
the product. Nevertheless, it also is contemplated to provide 
articles, particularly for packaging applications, With both 
active and passive oxygen barrier properties through use of 
one or more passive gas barrier layers in articles containing 
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one or more active barrier layers according to the invention. 
Thus, for some applications, such as packaging for food for 
institutional use and others calling for long shelf-life, an 
oxygen-scavenging layer according to the present invention 
can be used in conjunction With a passive gas barrier layer 
or ?lm such as those based on EVOH, PVDC, metalliZed 
polyole?ns or aluminum foil. 

[0056] The present invention is also directed to a packag 
ing Wall containing at least one layer comprising the oxy 
gen-scavenging composition and resin described above. It 
should be understood that any packaging article or structure 
intended to completely enclose a product Will be deemed to 
have a “packaging Wall,” as that term is used herein, if the 
packaging article comprises a Wall, or portion thereof, that 
is, or is intended to be, interposed betWeen a packaged 
product and the atmosphere outside of the package and such 
Wall or portion thereof comprises at least one layer incor 
porating the oxygen-scavenging composition of the present 
invention. Thus, boWls, bags, liners, trays, cups, cartons, 
pouches, boxes, bottles and other vessels or containers 
Which are intended to be sealed after being ?lled With a 
given product are covered by the term “packaging Wall” if 
the oxygen-scavenging composition of the invention is 
present in any Wall of such vessel (or portion of such Wall) 
Which is interposed betWeen the packaged product and the 
outside environment When the vessel is closed or sealed. 
One example is Where the oxygen-scavenging composition 
of the invention is fabricated into, or betWeen, one or more 
continuous thermoplastic layers enclosing or substantially 
enclosing a product. Another example of a packaging Wall 
according to the invention is a monolayer or multilayer ?lm 
or sheet containing the present oxygen-scavenging compo 
sition used as a cap liner in a beverage bottle (i.e., for beer, 
Wine, fruit juices, etc.) or as a Wrapping material. 

[0057] An attractive active-barrier layer is generally 
understood as one in Which the kinetics of the oxidation 
reaction are fast enough, and the layer is thick enough, that 
most of the oxygen permeating into the layer reacts Without 
alloWing a substantial amount of the oxygen to transmit 
through the layer. Moreover, it is important that this “steady 
state” condition exist for a period of time appropriate to end 
use requirements before the scavenger layer is spent. The 
present invention affords this steady state, plus excellent 
scavenger longevity, in economically attractive layer thick 
nesses, for example, less than about 100 mils in the case of 
sheets for rigid packaging, and less than about 10 mils in the 
case of ?exible ?lms. For rigid sheet packaging according to 
the present invention, an attractive scavenger layer can be 
provided in the range of about 10 to about 30 mils, While for 
?exible ?lm packaging, layer thicknesses of about 0.5 to 
about 8 mils are attractive. Such layers can function effi 
ciently With as little as about 2 to about 10 Weight % oxygen 
scavenger composition based on Weight of the scavenger 
layer. 

[0058] In fabrication of packaging structures according to 
the invention, it is important to note that the oxygen 
scavenging resin composition of the invention is substan 
tially inactive With respect to chemical reaction With oxygen 
so long as the Water activity of the composition is less than 
about 0.2-0.3. In contrast, the composition becomes active 
for scavenging oxygen When the Water activity is at or above 
about 0.2-0.3. Water activity is such that, prior to use, the 
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invented packaging articles can remain substantially inac 
tive in relatively dry environments Without special steps to 
maintain loW moisture levels. HoWever, once the packaging 
is placed into use, most products Will have suf?cient mois 
ture to activate the scavenger composition incorporated in 
the Walls of the packaging article. In the case of a hypo 
thetical packaging article according to the invention having 
an intermediate oxygen-scavenging layer sandWiched 
betWeen inner and outer layers, the scavenging layer of the 
structure, in Which the oxygen-scavenging composition of 
the present invention is contained, Will be active for chemi 
cal reaction With oxygen permeating into the scavenging 
layer if the folloWing equation is satis?ed: 

[0059] Where: 

[0060] di is the thickness in mils of the inner layer; 

[0061] dO is the thickness in mils of the outer layer; 

[0062] aO is the Water activity of the environment outside 
the packaging article (i.e., adjacent the outer layer); 

[0063] ai is the Water activity of the environment inside the 
packaging article (i.e., adjacent the inner layer); 

[0064] 
[0065] (WVTR)O is the Water vapor transmission rate of 
the outer layer of the packaging Wall in gm.mil/100 in. 
sq.day at 100° F. and 90% RH according to ASTM E96; and 

[0066] (WVTR)i is the Water vapor transmission rate of 
the inner layer of the packaging Wall in gm.mil/100 in. sq. 
day at 100° F. and 90% RH according to ASTM E96. 

a is the Water activity of the scavenging layer; 

[0067] For monolayer packaging constructions in Which a 
layer incorporating the oxygen-scavenging composition is 
the only layer of the packaging Wall, the package Will be 
active for oxygen absorption provided aO or ai is greater than 
or equal to about 0.2-0.3. 

[0068] To prepare a packaging Wall according to the 
invention, an oxygen-scavenging resin formulation is used 
or the oxygen-scavenging composition, or its components or 
concentrates thereof, is compounded into or otherWise com 
bined With a suitable packaging resin Whereupon the result 
ing resin formulation is fabricated into sheets, ?lms or other 
shaped structures. Formulations or concentrates using soft, 
?exible resins as the carrier resin may be compounded or 
combined With any suitable packaging resin including but 
not limited to polypropylene, polyethylene, or polyethylene 
terephthalate. Extrusion, coextrusion, bloW molding, injec 
tion molding, extrusion coating and any other sheet, ?lm or 
general polymeric melt-fabrication technique can be used. 
Sheets and ?lms obtained from the oxygen scavenger com 
position can be further processed, eg by coating or lami 
nation, to form multilayered sheets or ?lms, and then 
shaped, such as by thermoforming or other forming opera 
tions, into desired packaging Walls in Which at least one 
layer contains the oxygen scavenger. Such packaging Walls 
can be subjected to further processing or shaping, if desired 
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or necessary, to obtain a variety of active-barrier end-use 
packaging articles. The present invention reduces the cost of 
such barrier articles in comparison to conventional articles 
Which afford barrier properties using passive barrier ?lms. 

[0069] As a preferred article of manufacture, the invention 
provides a packaging article comprising a Wall, or combi 
nation of interconnected Walls, in Which the Wall or com 
bination of Walls de?nes an enclosable product-receiving 
space, and Wherein the Wall or combination of Walls com 
prises at least one Wall section comprising an oxygen 
scavenging layer comprising a polymeric resin, prefer 
ably a thermoplastic resin or a thermoset resin, most 
preferably a thermoplastic resin selected from the group 
consisting of polyole?ns, polystyrenes and polyesters, and 
most preferably soft, ?exible resins With a 1% secant modu 
lus less than 25,000 psi. and Shore D Hardness less than 45; 
(ii) an oxidiZable metal preferably comprising at least one 
member selected from the group consisting of iron, copper, 
aluminum, tin and Zinc, and most preferably about 1 to about 
100 parts iron per hundred parts by Weight of the resin; (iii) 
an electrolyte component and (iv) a solid, non-electrolytic, 
acidifying component Which in the presence of Water has a 
pH of less than 7, With about 5 to about 150 parts by Weight 
of electrolyte and acidifying components per hundred parts 
by Weight iron preferably being present and the Weight ratio 
of the acidifying component to electrolyte component pref 
erably being about 5/95 to about 95/5; and, optionally, a 
Water-absorbent binder. In such articles, sodium chloride is 
the most preferred electrolyte component and sodium acid 
pyrophosphate is most preferred as the acidifying compo 
nent, With the Weight ratio of sodium acid pyrophosphate to 
sodium chloride most preferably ranging from about 10/90 
to about 90/10. For articles made by high temperature 
extrusion coating process, calcined sodium acid pyrophos 
phate or calcined monocalcium phosphate are the most 
preferred acidifying component. 

[0070] A particularly attractive packaging construction 
according to the invention is a packaging Wall comprising a 
plurality of thermoplastic layers adhered to one another in 
bonded laminar contact Wherein at least one oxygen-scav 
enging layer is adhered to one or more other layers Which 
may or may not include an oxygen-scavenging composition. 
It is particularly preferred, although not required, that the 
thermoplastic resin constituting the major component of 
each of the layers of the packaging Wall be the same, so as 
to achieve a “pseudo-monolayer”. Such a construction is 
easily recyclable. 

[0071] An example of a packaging article using the pack 
aging Wall described above is a tWo-layer or three-layer dual 
ovenable tray made of crystalline polyethylene terephthalate 
(“C-PET”) suitable for packaging pre-cooked single-serving 
meals. In a three-layer construction, an oxygen-scavenging 
layer of about 10 to 20 mils thickness is sandWiched betWeen 
tWo non-scavenging C-PET layers of 3 to 10 mils thickness. 
The resulting tray is considered a “pseudo-monolayer” 
because, for practical purposes of recycling, the tray con 
tains a single thermoplastic resin, i.e., C-PET. Scrap from 
this pseudo-monolayer tray can be easily recycled because 
the scavenger in the center layer does not detract from 
recyclability. In the C-PET tray, the outer, non-scavenging 
layer provides additional protection against oxygen trans 
mission by sloWing doWn the oxygen so that it reaches the 
center layer at a suf?ciently sloW rate that most of the 
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ingressing oxygen can be absorbed by the center layer 
Without permeating through it. The optional inner non 
scavenging layer acts as an additional barrier to oxygen, but 
at the same time is permeable enough that oxygen inside the 
tray may pass into the central scavenging layer. It is not 
necessary to use a three layer construction. For example, in 
the above construction, the inner C-PET layer can be elimi 
nated. Atray formed from a single oxygen-scavenging layer 
is also an attractive construction. 

[0072] The pseudo-monolayer concept can be used With a 
Wide range of polymeric packaging materials to achieve the 
same recycling bene?t observed in the case of the pseudo 
monolayer C-PET tray. For example, a package fabricated 
from polypropylene or polyethylene can be prepared from a 
multilayer packaging Wall (e.g., ?lm) containing the oxy 
gen-scavenging composition of the present invention. In a 
tWo-layer construction the scavenger layer can be an interior 
layer With a non-scavenging layer of polymer on the outside 
to provide additional barrier properties. A sandWich con 
struction is also possible in Which a layer of scavenger 
containing resin, such as polyethylene, is sandWiched 
betWeen tWo layers of non-scavenging polyethylene. Alter 
natively, polypropylene, polystyrene or another suitable 
resin can be used for all of the layers. 

[0073] Another example of a packaging article according 
to the invention is a ?lm or packaging Wall fabricated from 
loW density polyethylene, polypropylene, PET or any other 
suitable resin and an oxygen-scavenging concentrate of a 
soft, ?exible resin such as mPE or styrene-rubber block 
copolymers. For example, oxygen-scavenging concentrate 
pellets comprised of mPE can be melt-blended With LDPE 
resin to form a ?lm of LDPE With regions of mPE Which 
contain the oxygen-scavenging composition. Alternatively, 
oxygen-scavenging concentrate pellets comprised of sty 
rene-butadiene block copolymer can be melt-blended With 
PET for form a package Wall of PET With regions of 
styrene-butadiene block copolymer Which contain the oxy 
gen-scavenging composition. In this manner, the ?lm or 
package Wall can be composed of Whatever resin is required 
for the particular packaging application Without sacri?cing 
the superior oxygen absorption capabilities of the soft ?ex 
ible resins. 

[0074] Various modes of recycle may be used in the 
fabrication of packaging sheets and ?lms according to the 
invention. For example, in the case of manufacturing a 
multilayer sheet or ?lm having a scavenging and non 
scavenging layer, reclaim scrap from the entire multilayer 
sheet can be recycled back into the oxygen-scavenging layer 
of the sheet or ?lm. It is also possible to recycle the 
multilayer sheet back into all of the layers of the sheet. 

[0075] Packaging Walls and packaging articles according 
to the present invention may contain one or more layers 
Which are foamed. Any suitable polymeric foaming tech 
nique, such as bead foaming or extrusion foaming, can be 
utiliZed. For example, a packaging article can be obtained in 
Which a foamed resinous layer comprising, for example, 
foamed polystyrene, foamed polyester, foamed polypropy 
lene, foamed polyethylene or mixtures thereof, can be 
adhered to a solid resinous layer containing the oxygen 
scavenging composition of the present invention. Alterna 
tively, the foamed layer may contain the oxygen-scavenging 
composition, or both the foamed and the non-foamed layer 
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can contain the scavenging composition. Thicknesses of 
such foamed layers normally are dictated more by mechani 
cal property requirements, eg rigidity and impact strength, 
of the foam layer than by oxygen-scavenging requirements. 
[0076] Packaging constructions such as those described 
above can bene?t from the ability to eliminate costly passive 
barrier ?lms. Nevertheless, if extremely long shelf life or 
added oxygen protection is required or desired, a packaging 
Wall according to the invention can be fabricated to include 
one or more layers of EVOH, nylon or PVDC, or even of 
metalliZed polyole?n, metalliZed polyester, or aluminum 
foil. Another type of passive layer Which may be enhanced 
by an oxygen-scavenging resin layer according to the 
present invention is silica-coated polyester or silica-coated 
polyole?n. In cases Where a multilayer packaging Wall 
according to the invention contains layers of different poly 
meric compositions, it may be preferable to use adhesive 
layers such as those based on ethylene-vinyl acetate copoly 
mer or maleated polyethylene or polypropylene, and if 
desired, the oxygen scavenger of the present invention can 
be incorporated in such adhesive layers. It is also possible to 
prepare the oxygen-scavenging composition of the present 
invention using a gas barrier resin such as EVOH, nylon or 
PVDC polymer in order to obtain a ?lm having both active 
and passive barrier properties. 
[0077] While the focus of one embodiment of the inven 
tion is upon the incorporation of the oxygen-scavenging 
composition directly into the Wall of a container, the oxygen 
scavenging compositions also can be used in packets, as a 
separate inclusion Within a packaging article Where the 
intent is only to absorb headspace oxygen. 

[0078] A primary application for the oxygen-scavenging 
resin, packaging Walls, and packaging articles of the inven 
tion is in the packaging of perishable foods. For example, 
packaging articles utiliZing the invention can be used to 
package milk, yogurt, ice cream, cheese; steWs and soups; 
meat products such as hot dogs, cold cuts, chicken, beef 
jerky; single-serving pre-cooked meals and side dishes; 
homemade pasta and spaghetti sauce; condiments such as 
barbecue sauce, ketchup, mustard, and mayonnaise; bever 
ages such as fruit juice, Wine, and beer; dried fruits and 
vegetables; breakfast cereals; baked goods such as bread, 
crackers, pastries, cookies, and muf?ns; snack foods such as 
candy, potato chips, cheese-?lled snacks; peanut butter or 
peanut butter and jelly combinations, jams, and jellies; dried 
or fresh seasonings; and pet and animal foods; etc. The 
foregoing is not intended to be limiting With respect to the 
possible applications of the invention. Generally speaking, 
the invention can be used to enhance the barrier properties 
in packaging materials intended for any type of product 
Which may degrade in the presence of oxygen. 

[0079] Still other applications for the oxygen-scavenging 
compositions of this invention include the internal coating of 
metal cans, especially for oxygen-sensitive food items such 
as tomato-based materials, baby food and the like. Typically 
the oxygen-scavenging composition can be combined With 
polymeric resins such as thermosets of epoxy, oleoresin, 
unsaturated polyester resins or phenolic based materials and 
the material applied to the metal can by methods such as 
roller coating or spray coating. 

[0080] The examples provided beloW are for purposes of 
illustration and are not intended to limit the scope of 
invention. 
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[0081] For purposes of the folloWing examples, oxygen 
scavenging performance Was measured according to an 
Oxygen Absorption Test performed in a 500 ml glass con 
tainer containing the oxygen-scavenging composition in the 
form of poWder, concentrate pellet or ?lm. Distilled Water or 
an aqueous salt solution in an open vial Was placed inside the 
glass container next to the samples to be tested in order to 
control the relative humidity in the container. The container 
Was then sealed and stored at the test temperature. The 
residual oxygen concentration in the headspace of the con 
tainer Was measured initially and then periodically using a 
Servomex Series 1400 Oxygen AnalyZer or MOCON Oxy 
gen AnalyZer. The amount of oxygen absorbed by the test 
sample Was determined from the change in the oxygen 
concentration in the headspace of the glass container. The 
test container had a headspace volume of about 500 ml and 
contained atmospheric air so that about 100 ml of oxygen 
Were available for reaction With the iron. Test samples 
having an iron content of about 0.5 gm Fe Were tested. For 
the test system, iron oxidiZed from metal to FeO has a 
theoretical oxygen absorption level of 200 cc OZ/gm Fe and 
iron oxidiZed from metal to Fe2O3 has a theoretical oxygen 
absorption level of 300 cc OZ/gm Fe. In all of the examples, 
oxygen scavenger component percentages are in Weight 
percents based on total Weight of the compositions, Whether 
?lm, poWder or pellet, tested for oxygen absorption. 

EXAMPLE 1 

[0082] Various poWder mixtures of iron poWder (SCM 
Iron PoWder A-131); sodium chloride (Morton pulveriZed 
salt, Extra Fine 200); bentonite clay (Whittaker, Clarke & 
Davis, WCD-670); anhydrous sodium acid pyrophosphate 
(“SAP”), Na2H2P2O7 (Sigma #7758-16-9); sodium pyro 
phosphate decahydrate (“SPH”), Na4P2O7.10H2O (Aldrich 
22, 136-8) and anhydrous sodium pyrophosphate (“SPA”), 
Na4P2O7 (Aldrich 32,246-6) Were prepared as described 
beloW. Upon Water absorption, SAP has a pH of 4 and SPH 
and SPA each has a pH of 10. The bentonite clay had been 
dried separately overnight at 250° C. in a vacuum oven. The 
desired Weights of ingredients Were dry blended in a Waring 
blender and the blended ingredients Were stored under a 
nitrogen atmosphere. Samples 1-1 and 1-2 and comparative 
samples Comp 1-A through Comp 1-I Were tested for 
oxygen absorption at test conditions of 168 hr, a relative 
humidity of 100% and a temperature of 22° C. Results are 
tabulated beloW. This Example demonstrates that the oxy 
gen-scavenging compositions of this invention employing 
iron, sodium chloride and SAP provide equivalent or better 
oxygen absorbing ef?ciency than compositions of iron and 
sodium chloride With or Without clay. Comparative compo 
sitions With iron, sodium chloride and SPH or SPA exhibit 
considerably loWer oxygen absorption values. Also, com 
parative compositions With iron and clay, SAP, SPH or SPA 
all exhibited very loW values of oxygen absorption With no 
electrolyte compound, sodium chloride, present. 

Powder NaCl, Additive, cc O2 
No. Fe, % % Additive % Clay, % gm Fe 

1-1 50 37.5 SAP 12.5 0 204 
1-2 44.4 33.3 SAP 11.1 11.1 169 
Comp 1-A 100 O — O O 5 
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-continued 

Powder NaCl, Additive, cc O2 
No. Fe, % % Additive % Clay, % gm Fe 

Comp 1-B 57.1 42.9 — 0 0 202 

Comp 1-C 50 37.5 — 0 12.5 204 
Comp 1—D 50 37.5 SPH 12.5 0 74 
Comp 1-E 50 37.5 SPA 12.5 0 44 
Comp 1-F 80 0 — 0 20 39 

Comp 1-G 80 0 SAP 20 0 17 
Comp 1-H 80 0 SPH 20 0 2 
Comp 1-I 80 0 SPA 20 0 2 

EXAMPLE 2 

[0083] A dry-mix preparation of oxygen scavenger ingre 
dients was carried out in the following manner: Iron powder 
(SCM Iron Powder A-131); sodium chloride 24(Morton 
pulverized salt, Extra Fine 200); bentonite clay (Whittaker, 
Clarke & Davis, WCD-670) and anhydrous sodium acid 
pyrophosphate (SAP), Na2H2P2O7 (Sigma #7758-16-9) 
were dry blended in a Waring blender at a weight ratio of 
Fe:NaCl:bentonite clay:Na2H2P2O7 of 4:3:1:2. The bento 
nite clay had been dried separately overnight at 250° C. in 
a vacuum oven. The blended oxygen scavenger ingredients 
were stored under nitrogen. A concentrate of oxygen scav 
enger and polymer resin was prepared from a 50/50 weight 
ratio of linear low density polyethylene granules (GRSN 
7047, Union Carbide) and the oxygen scavenger composi 
tion by tumble mixing in a bucket/bottle roller for ten 
minutes to obtain a homogeneous mixture. The resultant 
powder blend was fed directly to the hopper of a 19 mm 
conical corotating twin-screw extruder equipped with a 
strand die. The Zone temperatures of the extruder barrel were 
set as follows: Zone 1—215° C., Zone 2—230° C., Zone 
3—230° C., and strand die— 230° C. The extrudate was 
cooled with room-temperature water in a water bath and 
chopped into pellets with a pelletiZer. The pellets were dried 
overnight at 100° C. in a vacuum oven and stored under 
nitrogen. 

EXAMPLE 3 

[0084] Low density polyethylene oxygen-scavenging 
?lms were prepared by extruding a mixture containing 80 
parts by weight (pbw) low density polyethylene pellets 
(DOW 526 I, Dow Chemical) having a nominal oxygen 
permeation coef?cient (OPC) of 1.5-2.1><10_1° cc-cm/cm2 
sec-cm Hg, as measured at a temperature of 20° C. and a 
relative humidity of 0%, and 20 pbw of an oxygen-scav 
enging composition in the form of a concentrate prepared 
according to the procedure described in Example 2. The 
concentrates contained various amounts of iron, sodium 
chloride, bentonite clay and SAP as tabulated below with the 
weight ratio of sodium chloride to iron maintained at about 
0.75:1. Films were prepared using a Haake Rheomex 245 
single screw extruder (screw diameter—19 mm; L/D ratio— 
25:1). The Zone temperatures of the extruder barrel were set 
as follows: Zone 1—245° C., Zone 2—250° C., Zone 
3—250° C. and die—230° C. Nominal thicknesses of the 
extruded ?lms were 5 mils. Tabulated below is the amount 
of oxygen absorbed by each of the ?lm samples as measured 
by the Oxygen Absorption Test described above at test 
conditions of 168 hr, a relative humidity of 100% and a 
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temperature of 22° C. This example demonstrates that at a 
given weight ratio of sodium chloride to iron, addition of 
SAP signi?cantly increases the oxygen absorption of the low 
density polyethylene oxygen-scavenging ?lm. 

Film No. Iron, % NaCl, % SAP, % Clay, % ccOZgm Fe 

3-1 4.00 3.00 2.00 1.00 92 
3-2 4.44 3.33 1.11 1.11 50 
3-3 4.71 3.53 0.59 1.18 51 

EXAMPLE 4 

[0085] Low density polyethylene oxygen-scavenging 
?lms were prepared by the same procedure as described in 
Example 3. The low density polyethylene ?lms contained 
various amounts of iron, sodium chloride, bentonite clay and 
SAP as tabulated below with the weight ratio of SAP to iron 
held constant at a value of 0.5:1. Tabulated below is the 
amount of oxygen absorbed by each of the ?lm samples as 
measured by the Oxygen Absorption Test described above at 
test conditions of 168 hr, a relative humidity of 100% and a 
temperature of 22° C. This example demonstrates that for 
low density polyethylene ?lms containing iron, SAP and 
sodium chloride at a given weight ratio of SAP to iron, 
sodium chloride increased the oxygen-scavenging capacity 
of the low density polyethylene ?lm and that as the amount 
of sodium chloride was increased, the oxygen-scavenging 
capacity of the ?lm also increased. 

Film No. Iron, % NaCl, % SAP, % Clay, % ccOZgm Fe 

4-1 5.56 0.28 2.78 1.39 33 
4-2 5.33 0.67 2.67 1.33 56 
4-3 5.13 1.03 2.56 1.28 60 
4-4 4.00 3.00 2.00 1.00 92 

EXAMPLE 5 

[0086] Concentrates of the ingredient mixtures of 
Example 4 and polymer resin were prepared at a 50/50 
weight ratio with linear low density polyethylene granules 
(GRSN 7047, Union Carbide) by tumble mixing the com 
ponents in a bucket/bottle roller for ten minutes to obtain a 
homogeneous mixture. The resulting blends were formed 
into pellets by the procedure described in Example 2 and the 
concentrates were mixed with low density polyethylene 
pellets (Dow 5261, Dow Chemical) in a 1:4 weight ratio and 
these pellet blends formed into ?lms for oxygen-scavenging 
testing. The ?lms were tested at conditions of 168 hr, a 
relative humidity of 100% and a temperature of 22° C. The 
amount of thermoplastic polymer in the ?lm was 90 weight 
% and the compositions of the remaining components are 
tabulated below together with the oxygen absorbed. This 
example demonstrates that the oxygen-scavenging compo 
sition of this invention comprising a thermoplastic resin, 
iron, sodium chloride and SAP provides equivalent or better 
oxygen absorbing ef?ciency than the thermoplastic resin, 
iron and sodium chloride, with or without clay. Comparative 
compositions with a thermoplastic resin, iron, sodium chlo 
ride and SPH or SPA all exhibit considerably lower oxygen 
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absorption values. Also, comparative compositions With no 
electrolyte compound, sodium chloride, present all exhibited 
very loW values of oxygen absorption. The Water of hydra 
tion of the SPH led to processing dif?culties during ?lm 
extrusion. 

Powder NaCl, Additive, cc O2 
No. Fe, % % Additive % Clay, % gm Fe 

5-1 5.00 3.75 SAP 1.25 0 54 
5-2 4.44 3.33 SAP 1.11 1.11 40 
Comp 5-A 10.0 0 — 0 0 0.3 
Comp 5-B 5 71 4.29 — 0 0 23 
Comp 5-C 5 00 3.75 — 0 1.25 27 

Comp 5-D 5.00 3.75 SPH 1.25 0 4 
Comp 5-E 5.00 3.75 SPA 1.25 0 5 
Comp 5-F 8.00 0 — 0 2.00 1 
Comp 5-G 8 00 0 SAP 2.00 0 3 
Comp 5-H 8.00 0 SPH 2.00 0 0.6 
Comp 5-I 8.00 0 SPA 2.00 0 0.5 

COMPARATIVE EXAMPLE A 

[0087] Comparative, extruded loW density polyethylene 
?lms Were prepared by extruding a mixture containing 80 
pbW loW density polyethylene pellets (DOW 526 I, DoW 
Chemical) and 20 pbW of concentrates prepared according to 
Example 2 With various amounts of citric acid tripotassium 
salt (“CATP”) as the additive. Citric acid tripotassium salt 
upon Water absorption has a pH of 9. The extruded ?lms 
Were prepared according to the method described in 
Example 3 With the ?lms having nominal thicknesses of 5 
mils. The amounts of oxygen absorbed by the ?lm samples 
as measured by the Oxygen Absorption Test described above 
at test conditions of 168 hr, a relative humidity of 100% and 
a temperature of 22° C. are given beloW. This comparative 
example demonstrates that citric acid tripotassium salt, 
having a pH greater than 7 upon Water absorption, When 
added to NaCl is ineffective in enhancing oxygen-scaveng 
ing properties. Comparative ?lms B-3 and B4 With only SAP 
or sodium chloride as the additive exhibited oxygen absorp 
tion values of 3 and 26 cc O2/gm Fe, respectively. 

Film NaCl, CATP, SAP, Clay, cc O2 
No. Iron, % % % % % gm Fe 

B-1 4.44 3.33 1.11 0 1.11 0 
B-2 4.00 3.00 2.00 0 1.00 1 
B-3 5.71 0 10 0 2.86 1.43 3 
B-4 5.00 3.75 0 0 1.25 26 

EXAMPLE 6 

[0088] LoW density polyethylene ?lms Were prepared by 
extruding a mixture containing 80 pbW loW density poly 
ethylene pellets (DOW 526 I, DoW Chemical) and 20 pbW 
of a concentrate prepared according to Example 2 With 
various amounts of nicotinic acid (“NIT”) and sodium 
chloride. Nicotinic acid upon Water absorption has a pH of 
4-5. The extruded ?lms Were prepared according to the 
method described in Example 3 With the ?lms having 
nominal thicknesses of 5 mils. The amount of oxygen 
absorbed by the ?lm samples as measured by the Oxygen 
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Absorption Test described above after 168 hr at a relative 
humidity of 100% and a temperature of 22° C. is tabulated 
beloW. This example demonstrates that nicotinic acid in 
combination With sodium chloride can improve oxygen 
scavenging ability and that nicotinic acid Without the elec 
trolyte compound, sodium chloride, Was not effective in 
increasing the oxygen-scavenging ability of the composi 
tion. 

cc O2 
Iron, % NaCl, % Clay, % NIT, % gm Fe 

4.00 3.00 1.00 2.00 49 
5.71 0 1.43 2.86 4 

EXAMPLE 7 

[0089] LoW density polyethylene oxygen-scavenging 
?lms Were prepared by extruding a mixture containing 80 
pbW loW density polyethylene pellets (DOW 526 I, DoW 
Chemical) having a nominal OPC of 1.5-2.1><10_1O cc-cm/ 
cm2-sec-cm Hg, as measured at a temperature of 20° C. and 
a relative humidity of 0%, and 20 pbW of concentrates 
containing various amounts of iron, sodium chloride, ben 
tonite clay and SAP as tabulated beloW in the manner 
described according to Example 2. The ?lm Was prepared 
using a Haake Rheomex 245 single screW extruder (screW 
diameter—19 mm; L/D ratio—25:1). The Zone temperatures 
of the extruder barrel Were set as folloWs: Zone 1—245° C., 
Zone 2—250° C., Zone 3—250° C. and die—230° C. The 
extruded ?lms had nominal thicknesses of 5 mils. The 
amounts of oxygen absorbed by the ?lm samples as mea 
sured by the Oxygen Absorption Test at test conditions of 
168 hr, a relative humidity of 100% and a temperature of 22° 
C. are given beloW. This example demonstrates good oxygen 
absorption performance even at loW levels of electrolyte 
plus acidifying components but that oxygen absorption Was 
erratic at loW electrolyte to acidi?er ratios. The latter results 
are believed to have been caused by dif?culties in effectively 
mixing the compositions With loW levels of sodium chloride. 

cc O2 
Iron, % NaCl, % SAP, % Clay, % gm Fe 

5 6 0 3 2.8 1 4 55 
6 5 0 3 1.6 1 6 69 
7 1 0 4 0.7 1 8 50 
7 4 0 4 0.4 1 9 44 
7 6 0 4 0.2 1 9 49 
5 7 0 06 2.8 1 4 45 
6 6 0 07 1.7 1 7 19 
7 4 0 07 0.7 1 8 29 
7 6 0 08 0.4 1 9 15 
78 0.08 0.2 2 0 46 

EXAMPLE 8 

[0090] LoW density polyethylene oxygen-scavenging 
?lms Were prepared by extruding a mixture containing 80 
pbW loW density polyethylene pellets (DOW 526 I, DoW 
Chemical) having a nominal OPC of 1.5-2.1><10_1O cc-cm/ 
cm2-sec-cm Hg, as measured at a temperature of 20° C. and 
a relative humidity of 0%, and 20 pbW of concentrates 
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prepared according to Example 2 With iron, bentonite clay, 
citric acid and sodium chloride. Upon Water absorption, 
citric acid has a pH of 1-2. The ?lms Were prepared 
according to the method described in Example 3 With the 
extruded ?lms having nominal thicknesses of 5 mils. The 
amounts of oxygen absorbed by the ?lm samples as mea 
sured by the Oxygen Absorption Test described above at test 
conditions of 168 hr, a relative humidity of 100% and a 
temperature of 22° C. are given beloW. This example dem 
onstrates that With an acidi?er compound of high acidity, the 
amount of oxygen absorbed Was signi?cantly increased. 

Citric cc O2 
Additive Iron, % NaCl, % Acid, % Clay, % gm Fe 

0 5.00 3.75 0 1.25 26 
Citric Acid 4.44 3.33 1.11 1.11 174 
Citric Acid 4.00 3.00 2.00 1.00 197 

EXAMPLE 9 

[0091] TWo separate concentrate preparations of various 
oxygen scavenger ingredients Were carried out in the fol 
loWing manner: In one concentrate, iron poWder (SCM iron 
PoWder A-131); sodium chloride (Morton pulveriZed salt, 
Extra Fine 325); and bentonite clay (Whittaker, Clarke & 
Davis, WCD-670) Were mixed in a high intensity Henschel 
mixer in a Weight ratio of Fe:NaCl:bentonite clay of 4:3:1. 
The mixed ingredients Were fed at a 50:50 by Weight ratio 
With linear loW density polyethylene poWder (DoWlex 2032, 
DoW Chemical) to a Werner & P?eiderer ZSK-40 tWin 
screW extruder to form concentrate pellets. A second con 
centrate of 25 Weight percent of anhydrous sodium acid 
pyrophosphate, (Sigma #7758-16-9) With linear loW density 
polyethylene poWder Was also prepared in a ZSK-40 tWin 
screW extruder. Films of polyethylene terephthalate (“PET”) 
(nominal OPC of 1.8-2.4><10_12 cc-cm/cm2-sec-cm Hg), 
polypropylene (“PP”) (nominal OPC of 0.9-1.5><10_1O 
cc-cm/cm2-sec-cm Hg), loW density polyethylene (“LDPE”) 
and linear loW density polyethylene (“LLDPE”) With vari 
ous combinations of the above concentrates Were extruded. 
In all of the ?lms, the Weight ratio of sodium chloride to iron 
Was held constant at 0.75:1. The amounts of oxygen 
absorbed by these ?lm samples as measured by the Oxygen 
Absorption Test at test conditions of 168 hr, a temperature of 
22° C. and a relative humidity of 100% are tabulated beloW. 

cc O2 
Resin Fe, % NaCl, % SAP, % Clay, % gm Fe 

PET 5.00 3.75 0 1.25 10 
PET 4.00 3.00 1.00 1.00 14 
PET 4.00 3.00 2.00 1.00 14 
PP 5.00 3.75 0 1.25 28 
PP 4.00 3.00 1.00 1.00 46 
PP 4.00 3.00 2.00 1.00 50 
LLDPE 5.00 3.75 0 1.25 39 
LLDPE 4.00 3.00 1.00 1.00 99 
LLDPE 4.00 3.00 2.00 1.00 98 
LDPE 5.00 3.75 0 1.25 29 
LDPE 4.00 3.00 1.00 1.00 41 
LDPE 4.00 3.00 2.00 1.00 48 
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EXAMPLE 10 

[0092] TWo separate concentrates Were prepared by the 
same procedure as in Example 9. One concentrate consisted 
of iron poWder (SCM iron poWder A-131); sodium chloride 
(Morton pulveriZed salt, Extra Fine 325); bentonite clay 
(Whittaker, Clarke & Davis, WCD-670); and linear loW 
density polyethylene resin (DoWlex 2032, DoW Chemical) 
in a Weight ratio of Fe:NaCl:bentonite clay:LLDPE of 
4:3:1:8. The second concentrate consisted of sodium acid 

pyrophosphate (Sigman #7758-16-9) and linear loW density 
polyethylene (DoWlex 2032, DoW Chemical) in a Weight 
ratio of SAP:LLDPE of 1:3. LoW density polyethylene 
oxygen-scavenging ?lms Were prepared by the same proce 
dure as described in Example 3 using a Haake Rheomex 245 
single screW extruder. The ?lm processing temperatures 
varied from nominal 243° C. to nominal 260° C. to nominal 
288° C. At nominal 243° C., the Zone temperatures of the 
extruder barrel Were set as folloWs: Zone 1—241° C., Zone 

2—243° C., Zone 3— 243° C. and die—218° C. At nominal 
260° C., the Zone temperatures of the extruder barrel Were 
set as folloWs: Zone 1—254° C., Zone 2—260° C., Zone 

3—260° C. and die— 232° C. At nominal 288° C., the Zone 
temperatures of the extruder barrel Were set as folloWs: Zone 

1—282° C., Zone 2—285° C., Zone 3—288° C. and die— 
252° C. At the higher processing temperatures, the resulting 
?lms Were found to contain voids believed to have been 
caused by decomposition of sodium acid pyrophosphate. 
Thermal gravimetric analysis of sodium acid pyrophosphate 
poWder heated from room temperature to about 610° C. at a 
rate of about 10° C./minute indicated Weight loss occurring 
from about 260 to 399° C., corresponding to loss of Water 
from sodium acid pyrophosphate, thus suggesting decom 
position thereof to NaPO3. Based on these observations, it is 
believed that the higher processing temperatures used in this 
example led to decomposition of the sodium acid pyrophos 
phate that Was originally used to sodium metaphosphate, 
sodium trimetaphosphate, sodium hexametaphosphate, each 
having a pH in the range of 4-6 in aqueous solution, or a 
combination thereof. The amounts of oxygen absorbed by 
these ?lm samples as measured by the Oxygen Absorption 
Test at test conditions of 168 hr, a temperature of 22° C. and 
a relative humidity of 100% are tabulated beloW. 

Nominal 
Film 

Film Processing cc O2 
No. Temp., ° C. Iron, % NaCl, % SAP, % Clay, % gm Fe 

10-1 243 4.44 3.33 1.11 1.11 40 
10-2 288 4.44 3.33 1.11 1.11 53 
10-3 260 11.11 8.33 2.78 2.78 48 
10-4 288 11.11 8.33 2.78 2.78 77 

EXAMPLE 11 

[0093] A dry-mix preparation of oxygen scavenger ingre 
dients Was carried out in the folloWing manner: Iron poWder 
(SCM A-131); sodium chloride (Morton EF325); and 
sodium acid pyrophosphate (Monsanto SAP-28) Were mixed 
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at 2/2/1 Weight ratio of Fe/NaCl/SAP in an intensive mixing 
Henschel mixer. The mixing time Was about 80 seconds. The TABLE I-continued 
powder mixture Was compounded into nineteen separate 
resins as shoWn in the Table below at a 1/1 Weight ratio on 
a tWin-screW ZSK-30 extruder. The Zone temperatures of the 
extruder barrel Were set as folloWs: Zone 1—140-200° C., Concentrate Resin Composition 
Zone 2—220-280° C., Zone 3—230-270° C., Zone 4—220 

Oxygen Absorption Performance of Oxygen-Scavenging 
Concentrate Pellets in Various Carrier Resins 

20 Wt % Iron 
260° C., Zone 5—220-260° C., Zone 7—200-250° C. The 20 Wt % Salt 
melt temperature of the extrudate Was in the range of 10 Wt % SAP 
180-280° C. The extrudate Was cooled and chopped into 50 Wt % Carrier Rosin 

concentrate pellets of oxygen scavenger resin designated coxyge? stcagenger 
. oncen ra e xygen 

Concentrates I-XV and Concentrates A-D. The resulting Absorption (CC OZ/gm Fe) 
concentrates Were measured for oxygen-scavenging perfor- cone @ 22° c_ 100% RH 
mance according to the Oxygen Absorption Test described _ _ 
above at 72 hr (3 day), 168 hr (7 days), and 672 hr (28 days). NO- Camer Resm Type 3 days 7 days 28 days 
The results are tabulated beloW in Table I and the 1% Secant ET59O64 
Modulus and Shore D Hardness are shoWn in Table II. This XV DoW VLPDE LP Solution/ 42 58 88 
Example demonstrates that the oxygen-scavenging compo- Attane 4202 hlggher Ole?n 
sitions of this invention employing iron, sodium chloride A DOW DOWleX Z_1eg1er'Natta/ 25 35 61 

d SAP ' ft ?exible resin rovide better ox en LLDPE2032 hlgher Ole?n 
an _ m a _S0 > _ _ P _ _ _ yg B Amoco PP7200p Ziegler-Natta/ 13 21 39 

absorbing ef?ciency than identical compositions in more none 
rigid polyethylenes and polypropylenes such as in concen- C DoW LDPE6401 Radical/none 20 31 6O 
{rates A.])_ D Westlake LDPE Radical/none 20 32 55 

EF412 

TABLE I 

Oxygen Absorption Performance of Oxygen-Scavenging Concentrate Pellets in Various Carrier Resins 

Concentrate Resin Composition TABLE II 

20 Wt % Iron Shore Hardness and Secant Modulus Properties 
20 Wt % Salt of Carrier Resins for Oxygen-Scavenging Composition 
10 Wt % SAP 
50 Wt % Carrier Resin Conc 1% Secant 

Oxygen Scavenger No. Carrier Resin Type Shore D Modulus 
Concentrate Oxygen 

Absorption (cc O2/gm Fe) Comonomer 
Conc 5Q 220 C., 100% RH 

I DoW A?inity mPE/octene 35.6 5,155 
No. Carrier Resin Type 3 days 7 days 28 days PF1140 

II DoW/DuPont mPE/octene 37.2 6,600 
comonomer Engage 8440 

III Exxon Exact mPE/hexene 40.6 8,448 
I DoW A?inity mPE/octene 38,43 55,59 91,95 3131 

PF1140 IV Exxon Exact mPE/butene 29.9 2,866 
II DoW/DuPont mPE/octene 39,41 55,58 90,96 4053 

Engage 8440 V Exxon Exact mPE/hexene 37.7 6,563 
III Exxon Exact mPE/hexene 35 52 86 4151 

3131 VI Amcco EHPP mPP/none 19.5 1,837 
IV Exxon Exact mPE/butene 37 53 79 Styrene:Rubber 

4053 
V Exxon Exact mPE/hexene 53 71 109 VII Shell Kraton SBS/35:65 19.0 1,386 

4151 D2103 
VI Amcco EHPP mPP/none 31 45 76 VIII Shell Kraton SBS/30:70 8.1 829 

Styrene:Rubber D2104 
IX Shell Kraton SEBS/22I78 10.3 454 

VII Shell Kraton SBS/35I65 135 166 185 G2109 
D2103 X Shell Kraton SEBS/37I63 12.8 1,706 

VIII Shell Kraton SBS/30I70 88 125 160 G2701 
D2104 XI Shell Kraton SEBS/30I70 9.1 1,126 

IX Shell Kraton SEBS/22I78 55 85 121 G2705 
G2109 XII Shell Kraton SEBS/21I79 5.9 188 

X Shell Kraton SEBS/37I63 37 61 105 G2706 
G2701 XIII SIBS SIBS/30:70 10.9 337 

XI Shell Kraton SEBS/30:70 42 65 108 Comonomer 
G2705 

XII Shell Kraton SEBS/21I79 81 105 138 XIV Carbide ULDPE UnipOl/higher 42.0 20,000 
G2706 ETS9064 

XIII SIBS SIBS/30:70 58 79 97 XV DOW VLPDE LP Solution/ 42.1 18,900 
comonomer Attane 4202 higher ole?n 

A DoW DoWlex Ziegler-Natta/ 47.5 37,115 
XIV Carbide ULDPE Unipol/higher 69 103 137 LLDPE2032 higher ole?n 
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TABLE II-continued 

Shore Hardness and Secant Modulus Properties 
of Carrier Resins for Oxygen-Scavenging Composition 

Conc 1% Secant 
No. Carrier Resin Type Shore D Modulus 

B Amoco PP7200p Ziegler-Natta/ 72.4 176,000 
none 

C DoW LDPE6401 Radical/none 46.1 26,526 
D Westlake LDPE Radical/none 46.2 26,385 

EF412 

[0095] The oxygen absorption results of Example 11 dem 
onstrate that oxygen-scavenging compositions in soft, ?ex 
ible resins absorb more oxygen per gram of iron than more 

rigid, hard resins such as LDPE, LLDPE and PP. Although 
there is not a linear relationship between the softness and 

?exibility of a resin and oxygen-absorption, there is a 
demonstrated improvement between soft, ?exible resins on 
the Whole and hard, rigid resins. All of the resins With a 
Shore D beloW 45 and 1% secant modulus beloW about 

25,000 p.s.i. absorbed more oxygen per gram of iron than 
those resins With a Shore D greater than 45 and 1% secant 

modulus greater than 25,000 p.s.i. It is believed that the 
?exible molecular structure of soft resins facilitates the 

intimate contact of the oxygen-scavenging components. 
This enables the electrolyte and acidifying component to 
promote the oxidation of the iron in the resin. 

[0096] As shoWn in Table I, the styrene-butadiene-styrene 
block copolymers of the Kraton® D series Work particularly 
Well. This improved oxygen absorption may be in part due 
to the absorption of oxygen by the carbon-carbon double 
bonds in the butadiene segments of the styrene-butadiene 
block-copolymer. 

EXAMPLE 12 

[0097] LoW density polyethylene oxygen-scavenging 
?lms Were prepared by blending each of the nineteen 
concentrates of Example 11, having the same Shore D and 
1% secant Modulus properties listed above, With DoW 
LDPE 640i resin at a 1/1 ratio, and preparing extruded ?lms 
using a single Haake extruder. The Zone temperatures of the 
extruder barrel Were set as folloWs: Zone 1—190° C., Zone 

2—200° C., Zone 3— 210° C., and die Zone—200° C. The 
extruded ?lms had a nominal thickness of 5 mils. The 

resulting ?lms, designated Film I-XV and Comparative Film 
A-D, Were measured for oxygen-scavenging performance 
according to the Oxygen Absorption Test described above at 
72 hr (3 day), 168 hr (7 days), and 672 hr (28 days). The 
results are tabulated beloW. This Example demonstrates that 
the oxygen-scavenging LDPE ?lms of this invention 
employing iron, sodium chloride and SAP in a soft, ?exible 
carrier resin concentrate blended With the LDPE resin pro 
vide better oxygen absorbing efficiency than identical com 
positions in more rigid polyethylene and polypropylene 
concentrates A-D blended With LDPE ?lm resin. 
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TABLE III 

Oxygen Absorption Performance of Extrusion Films 
Containing Oxygen-Scavenging Compositions in Various Carrier Resins 

Extrusion Film Composition 

50 Wt % Concentrate Resin from Table I 
50 Wt % LDPE Film Resin 

Oxygen Scavenger 
Concentrate Oxygen 

Absorption (cc O2/gm Fe) 
Conc @ 22° C.: 100% RH 

No. Carrier Resin Type 3 days 7 days 28 days 

comonomer 

I DoW A?inity mPE/octene 77 96 126 
PF1140 

II DoW/DuPont mPE/octene 54 64 84 
Engage 8440 

III Exxon Exact mPE/hexene 82 100 127 
3131 

IV Exxon Exact mPE/butene 64 73 92 
4053 

V Exxon Exact mPE/hexene 75 88 116 
4151 

VI Amcco EHPP mPP/none 73 85 94 
Styrene:Rubber 

VII Shell Kraton SBS/35:65 110 128 143 
D2103 

VIII Shell Kraton SBS/30:70 85 95 111 
D2104 

IX Shell Kraton SEES/22:78 104 156 187 
G2109 

X Shell Kraton SEES/37:63 47 64 81 
G2701 

XI Shell Kraton SEES/30:70 47 62 79 
G2705 

XII Shell Kraton SEES/21:79 63 69 84 
G2706 

XIII SIBS SIBS/30:70 80 107 122 
comonomer 

XIV Carbide ULDPE Unipol/higher 57 68 87 
ETS9064 

XV DoW VLPDE LP Solution/ 66 88 119 
Attane 4202 higher ole?n 

A DoW DoWlex Ziegler-Natta/ 36 40 61 
LLDPE2032 higher ole?n 

B Amoco PP7200p Ziegler-Natta/ 18 28 43 
none 

C DoW LDPE6401 Radical/none 44 57 79 
D Westlake LDPE Radical/none 44 51 65 

EF412 

[0098] The oxygen absorption results of Example 12 dem 
onstrate that oxygen-scavenging compositions in soft, ?ex 
ible resin concentrates that are further blended With LDPE to 
form LDPE ?lms, absorb more oxygen per gram of iron than 
those same compositions in more rigid, hard concentrate 
resins further blended With LDPE to form LDPE ?lms. 
Comparison of the results from Example 11 to Example 12, 
shoWs that some resins absorbed oxygen more effectively in 
concentrate form. But, overall, the soft, ?exible carrier 
resins performed better than the hard, rigid carrier resins in 
concentrates and ?lms. It is believed that the difference 
betWeen concentrate vs. ?lm absorption results may be due 
to the compatibility of the concentrate carrier and ?lm resin. 
We believe that if the concentrate carrier resin is miscible in 
the ?lm resin When blended With the ?lm resin, the regions 
of soft, ?exible resin containing the oxygen-scavenging 
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composition may not exist. If those regions do not exist, the 
hard, stiff ?lm resin may effect the oxygen absorption ability 
of the oxygen-scavenging composition in the same manner 
the hard, stiff resins loWer absorption in the resin concentrate 
form. For example, the Kraton G series absorbs more 
oxygen per gram of iron in the concentrate form versus the 
LDPE ?lm. This may be due to the fact that styrene 
ethylene-butylene styrene block copolymers are readily mis 
cible in LDPE. This miscibility may cause the break doWn 
of the soft, ?exible resin regions, leaving the oxygen 
scavenging components in the more rigid LDPE resin. 

EXAMPLE 13 

[0099] In accordance With Example 11, a dry-mix prepa 
ration of oxygen scavenger ingredients Was carried out in the 
folloWing manner: Iron poWder (SCM A-131); sodium chlo 
ride (Morton EF325); and sodium acid pyrophosphate 
(Monsanto SAP-28) Were mixed at 2/2/1 ratio of Fe/NaCl/ 
SAP in an intensive mixing Henschel mixer. The poWder 
mixture Was compounded into tWo separate resins (DoW/ 
DuPont Engage 8440 and Bow Affinity PF1140) at a 1/1 
Weight ratio on a tWin-screW ZSK-30 extruder to make 
concentrate pellets of oxygen scavenger resin designated 
Concentrates C-1 and C-2. Polypropylene oxygen-scaveng 
ing ?lms Were prepared by blending each of the concentrates 
With Amoco PP6219 polypropylene resin at a 1/1 ratio, and 
preparing 5 ml extrusion ?lms using a single screW Haake 
extruder in accordance With Example 12. The resulting 
?lms, designated F-1 and F-2, Were measured for oxygen 
scavenging performance according to the Oxygen Absorp 
tion Test described above at 72 hr (3 day), 168 hr (7 days), 
and 672 hr (28 days). The results are tabulated beloW. This 
Example demonstrates that mPE is as effective as a carrier 
resin in polypropylene as a diluent as it is When LDPE is the 
diluent. 

[0100] Concentrate Resin Composition: 

20 Wt % Iron 
20 Wt % Salt 
9 Wt % Clay 

10 Wt % SAP 
50 Wt % Carrier Resin 

Carrier Resin Conc. No. Type/comonomer 

C-1 DOW/DuPont Engage 8440 
C-2 DoW Af?nity PP1140 

mPE/octene 
mPE/octene 

Extrusion Film Composition 
50 Wt % Concentrate Resin C1-C2 
50 Wt % Amoco PP6219 Film Resin 

Oxygen Scavenger Extrusion Film 
Oxygen Absorption (cc O2/gm Fe) 

@ 22° c., 100% RH 

Film No. Concentrate 3 days 7 days 28 days 

F-1 C-1 56 77 108 
F-2 C-2 59 96 110 

[0101] The folloWing Examples 14-16 demonstrate the 
effect of dehydrated acidifying components on the appear 
ance and oxygen-absorption of the oxygen-scavenging 
?lms. In each of the Examples beloW, a high extrusion 
temperature—above 270° C.— Was used to approximate the 
high temperature extrusion coating process temperature. 
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EXAMPLE 14 

Calcination of SAP 

[0102] Commercial food-grade sodium acid pyrophos 
phate (Na2H2P2O7, Monsanto SAP-28) Was calcined at 350° 
C. for 2 hours in a microWave furnace to give a dehydrated 
product. The Weight loss during calcination Was 8.1 Wt %. 
The pH of a 0.1 Wt % aqueous slurry/solution of dehydrated 
SAP Was 5.6. The dehydrated SAP Was ground and sifted 
into a ?ne poWder, and then mixed With iron poWder (SCM 
A-131), salt poWder (Morton EF325) at 2/2/1 Weight ratio of 
iron/salt/dehydrated SAP in an intensive mixing Waring 
mixer. The poWder mixture Was further mixed With Exxon 
LLDPE resin poWder (Escorene LL-5002.09) at 1/3 ratio of 
inorganic/resin in the mixer. 

[0103] The mixture of oxygen scavenger components and 
resin Was compounded into an oxygen scavenger resin 
composition, and further made into extruded ?lm on a Haake 
extruder at 310° C. The extruder temperature pro?le Was 
280, 295, 310, and 265° C. at Zone 1, 2, 3 and 4 (die). The 
polymer melt temperature Was 310° C. The extruded ?lm 
(designated Film I) shoWed clean and smooth appearance 
With no voids or bubbles in the ?lm. The oxygen absorption 
performance of the ?lm sample Was measured and found to 
be good, as shoWn in Table IV. 

[0104] For comparison, commercial food-grade sodium 
acid pyrophosphate (Na2H2P2O7, Monsanto SAP-28) Was 
used Without calcination. The pH of the 0.1 Wt % aqueous 
slurry/solution of SAP Was 4.2. It Was mixed With iron 
poWder (SCM A-131), salt poWder (Morton EF325) at 2/2/1 
Weight ratio of iron/salt/SAP in an intensive mixing Waring 
mixer. The poWder mixture Was further mixed With Exxon 
LLDPE resin poWder (Escorene LL-5002.09) at 1/3 ratio of 
inorganic/resin in the mixer. 

[0105] The mixture of oxygen scavenger components and 
resin Was compounded into an oxygen scavenger resin, and 
further made into extruded ?lm on a Haake extruder at 310° 
C. The extruder temperature pro?le Was 280, 295, 310, and 
265° C. at Zone 1, 2, 3 and 4 (die). The polymer melt 
temperature Was 310° C. The extruded ?lm (designated Film 
A) shoWed poor appearance With many large voids and 
bubbles in the ?lm. The oxygen absorption performance of 
the ?lm sample Was measured and found to be very good, as 
shoWn in Table IV. 

EXAMPLE 15 

Calcination of MCP 

[0106] Commercial food-grade monocalcium phosphate 
monohydrate (CaH4(PO4)2.H2O, Rhone-Poulenc Regent 
12xx) Was calcined at 350° C. for 2 hours in a microWave 
furnace to give a dehydrated product. The Weight loss during 
calcination Was 18.6 Wt %. The pH of the 0.1 Wt % aqueous 
slurry/solution of dehydrated MCP Was 3.0. 

[0107] It Was ground and sifted into a ?ne poWder, and 
then mixed With iron poWder (SCM A-131), salt poWder 
(Morton EF325) at 2/2/1 Weight ratio of iron/salt/dehydrated 
MCP in an intensive mixing Waring mixer. The poWder 
mixture Was further mixed With Exxon LLDPE resin poWder 
(Escorene LL-5002.09) at 1/3 ratio of inorganic/resin in the 
mixer. 
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[0108] The mixture of oxygen scavenger components and 
resin Was compounded into an oxygen scavenger resin, and 
further made into extruded ?lm on a Haake extruder at 310° 
C. The extruder temperature pro?le Was 280, 295, 310, and 
265° C. at Zone 1, 2, 3 and 4 (die). The polymer melt 
temperature Was 310° C. The extruded ?lm (designated Film 
II) shoWed clean and smooth appearance With no voids or 
bubbles in the ?lm. The oxygen absorption performance of 
the ?lm sample Was measured and found to be good, as 
shoWn in Table IV. 

[0109] For comparison, commercial food-grade monocal 
cium phosphate monohydrate (CaH4(PO4)2.H2O, Rhone 
Poulenc Regent 12xx) Was used Without calcination. The pH 
of the 0.1 Wt % aqueous (slurry) solution of MCP Was 4.0. 
It Was mixed With iron poWder (SCM A-131), salt poWder 
(Morton EF325) at 2/2/1 Weight ratio of iron/salt/MCP in an 
intensive mixing Waring mixer. The poWder mixture Was 
further mixed With Exxon LLDPE resin poWder (Escorene 
LL-5002.09) at 1/3 ratio of inorganic/resin in the mixer. 

[0110] The mixture of oxygen scavenger components and 
resin Was compounded into an oxygen scavenger resin, and 
further made into extruded ?lm on a Haake extruder at 310° 
C. The extruder temperature pro?le Was 280, 295, 310, and 
265° C. at Zone 1, 2, 3 and 4 (die). The polymer melt 
temperature Was 310° C. The extruded ?lm (designated Film 
B) shoWed poor appearance With many large voids and 
bubbles in the ?lm. The oxygen absorption performance of 
the ?lm sample Was measured and found to be very good, as 
shoWn in Table IV. 

EXAMPLE 16 

Calcination of STMP 

[0111] Commercial food-grade sodium trimetaphosphate 
((NaPO3)3, Monsanto STMP) Was calcined at 350° C. for 1 
hour in a microWave furnace to give a dehydrated product. 
The Weight loss during calcination Was 0.5 Wt %. The pH of 
the 0.1 Wt % aqueous slurry/solution of dehydrated STMP 
Was 5.4. It Was ground and sifted into a ?ne poWder, and then 
mixed With iron poWder (SCM A-131), salt poWder (Morton 
EF325) at 2/2/1 Weight ratio of iron/salt/dehydrated STMP 
in an intensive mixing Waring mixer. The poWder mixture 
Was further mixed With Exxon LLDPE resin poWder 
(Escorene LL-5002.09) at 1/3 ratio of inorganic/resin in the 
mixer. 

[0112] The mixture of oxygen scavenger and resin Was 
compounded into an oxygen scavenger resin, and further 
made into extruded ?lm on a Haake extruder at 310° C. The 
extruder temperature pro?le Was 280, 295, 310, and 265° C. 
at Zone 1, 2, 3 and 4 (die). The polymer melt temperature 
Was 310° C. The extruded ?lm (designated Film III) shoWed 
clean and smooth appearance With no voids or bubbles in the 
?lm. The oxygen absorption performance of the ?lm sample 
Was measured and found to be good, as shoWn in Table IV. 

[0113] For comparison, commercial food-grade sodium 
trimetaphosphate ((NaPO3)3, Monsanto STMP) Was used 
Without calcination. The pH of the 0.1 Wt % aqueous (slurry) 
solution of STMP Was 5.2. It Was mixed With iron poWder 
(SCM A-131), salt poWder (Morton EF325) at 2/2/1 Weight 
ratio of iron/salt/STMP in an intensive mixing Waring mixer. 
The poWder mixture Was further mixed With Exxon LLDPE 
resin poWder (Escorene LL-5002.09) at 1/3 ratio inorganic/ 
resin in the mixer. 
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[0114] The mixture of oxygen scavenger and resin Was 
compounded into an oxygen scavenger resin, and further 
made into extruded ?lm on a Haake extruder at 310° C. The 
extruder temperature pro?le Was 280, 295, 310, and 265° C. 
at Zone 1, 2, 3 and 4 (die). The polymer melt temperature 
Was 310° C. The extruded ?lm (designated Film C) shoWed 
someWhat poor appearance With minor/small voids and 
bubbles in the ?lm. The oxygen absorption performance of 
the ?lm sample Was measured and found to be good, as 
shoWn in Table IV. 

COUNTER EXAMPLE D 

No Acidifying Component 

[0115] Iron poWder (SCM A-131) and salt poWder (Mor 
ton EF325) Were mixed at 1/1 ratio in an intensive mixing 
Waring mixer. No acidifying component Was used in the 
formulation. The poWder mixture Was further mixed With 
Exxon LLDPE resin poWder (Escorene LL-5002.09) at 1/3 
ratio of inorganic/resin in the mixer. 

[0116] The mixture of oxygen scavenger and resin Was 
compounded into an oxygen scavenger resin, and further 
made into extruded ?lm on a Haake extruder at 310° C. The 
extruder temperature pro?le Was 280, 295, 310, and 265° C. 
at Zone 1, 2, 3 and 4 (die). The polymer melt temperature 
Was 310° C. The extruded ?lm (designated Film D) shoWed 
clean and smooth appearance With no voids or bubbles in the 
?lm. The oxygen absorption performance of the ?lm sample 
Was measured and found to be poor, as shoWn in Table IV. 

TABLE IV 

Oxygen Absorption Performance of Oxygen-Scavenging Films 

Oxygen Absorption 
(cc O2/gm Fe) after 6 days 

Sample ID pH Modi?er Film Appearance @ 22° C., 100% RH 

Film I Calcined Good, no voids 44.0 
SAP 

Film II Calcined Good, no voids 65.5 
MCP 

Film III Calcined Good, no voids 38.5 
STMP 

Film A SAP Poor, many large 165 
voids 

Film B MCP Poor, many large 158 
voids 

Film C STMP Somewhat poor, 53.0 
minor voids 

Film D No Good, no voids 12.2 
acidifying 
component 

[0117] The oxygen-absorption results of Table IV demon 
strate tWo important points. First, that use of an acidifying 
component improves the oxygen absorption of the iron 
regardless of Whether the acidifying component contains 
hydrate or is dehydrated. Second, that there is a trade-off 
betWeen oxygen absorption and ?lm appearance When using 
hydrated versus dehydrated acidifying components. If the 
fabrication temperature of the ?lm or article is beloW the 
dehydration temperature of the hydrated acidifying compo 
nent, then the hydrated acidifying component may be used 
Without the creation of voids or bubbles. If, hoWever, the 
fabrication temperature is above the dehydration tempera 
ture of the hydrated acidifying component, a calcined acidi 
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fying component should be used. Although the oxygen 
absorption decreases When calcined acidifying components 
are used, the ?lm appearance is smooth With no voids or 
bubbles. The selection of acidifying component Will depend 
on the end-use application, but an acidifying component— 
hydrated or calcined—should alWays be used to achieve 
increased oxygen absorption. 

We claim: 
1. An oxygen-scavenging composition comprising an 

oxidiZable metal component, an electrolyte component, and 
a non-electrolytic acidifying component that is thermally 
stable at thermoplastic resin melt fabrication temperatures. 

2. The oxygen-scavenging composition of claim 1 
Wherein the non-electrolytic acidifying component is ther 
mally stable above 200° C. 

3. The oxygen-scavenging composition of claim 2 
Wherein the non-electrolytic acidifying component is 
selected from the group consisting of monocalcium phos 
phate, potassium acid pyrophosphate, magnesium sulfate, 
sodium metaphosphate, sodium trimetaphosphate, sodium 
hexametaphosphate, aluminum sulfate, aluminum potas 
sium sulfate and combinations thereof. 

4. The oxygen-scavenging composition of claim 1 
Wherein the non-electrolytic acidifying component is ther 
mally stable above 270° C. 

5. The oxygen-scavenging composition of claim 4 
Wherein the non-electrolytic acidifying component is 
selected from the group consisting of calcined products of: 
monocalcium phosphate, sodium acid pyrophosphate, 
sodium metaphosphate, sodium trimetaphosphate, sodium 
phosphate monobasic, sodium hexametaphosphate, potas 
sium phosphate monobasic, potassium acid pyrophosphate 
and combinations thereof. 

6. The oxygen-scavenging composition of claim 4 
Wherein the non-electrolytic acidifying component consists 
of calcined sodium acid pyrophosphate, calcined monocal 
cium phosphate and combinations thereof. 

7. The oxygen-scavenging composition of claim 1 com 
prising about 10 to about 200 parts by Weight electrolyte 
component and non-electrolytic acidifying component per 
100 parts by Weight oxidiZable metal. 

8. An oxygen-scavenging composition comprising an 
oxidiZable metal component, an electrolyte component, a 
non-electrolytic acidifying component and a polymeric resin 
With a 1% secant modulus less than about 25,000 psi. 
and/or a Shore D Hardness less than about 45. 

9. The oxygen-scavenging composition of claim 8 
Wherein the polymeric resin is selected from the group 
consisting of: metallocene polyethylenes, styrene-rubber 
block copolymers, very loW density polyethylenes, ultra loW 
density polyethylenes, and elastomeric homopolypropylene. 
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10. The oxygen-scavenging composition of claim 9 
Wherein the polymeric resin is metallocene polyethylene. 

11. The oxygen-scavenging composition of claim 9 
Wherein the polymeric resin is a styrene-rubber block 
copolymer. 

12. The oxygen-scavenging composition of claim 11 
Wherein the styrene-rubber block copolymer is selected from 
the group consisting of styrene ethylene-butylene block 
copolymer, styrene butadiene block copolymer, and styrene 
isobutylene block copolymer. 

13. The oxygen-scavenging composition of claim 8 com 
prising about 5 to about 150 parts by Weight of the oxidiZ 
able metal plus electrolyte plus acidifying components per 
hundred parts by Weight of the polymeric resin. 

14. The oxygen-scavenging composition of claim 8 
Wherein the acidifying component is selected from the group 
consisting of sodium acid pyrophosphate, monocalcium 
phosphate, calcined sodium acid pyrophosphate and cal 
cined monocalcium phosphate. 

15. The oxygen-scavenging composition of claim 8 in the 
form of a fabricated article. 

16. The oxygen-scavenging composition of claim 8 in the 
form of a concentrate. 

17. The oxygen-scavenging composition of claim 16 
further blended With a second polymeric resin in the form of 
a fabricated article. 

18. The oxygen-scavenging composition of claim 16 
further comprising at least one polymeric resin having a 1% 
secant modulus and Shore D Hardness greater than or equal 
to the concentrate resin. 

19. An oxygen-scavenging composition comprising iron, 
sodium chloride, and a non-electrolytic acidifying compo 
nent selected from the group consisting of: sodium acid 
pyrophosphate, monocalcium phosphate, calcined sodium 
acid pyrophosphate or calcined monocalcium phosphate or 
mixtures thereof; in a polymeric resin With a 1% secant 
modulus less than about 25,000 psi. and/or a Shore D 
Hardness less than about 45, Wherein the Weight ratio of 
sodium chloride to the non-electrolytic acidifying compo 
nent is about 10/90 to about 90/10 and about 50 to about 200 
parts by Weight sodium chloride and non-electrolytic acidi 
fying component are present per hundred parts by Weight 
iron. 

20. An oxygen-scavenging composition comprising an 
oxidiZable metal component, an electrolyte component, a 
non-electrolytic acidifying component in a polymeric resin 
With a 1% secant modulus less than about 20,000 psi. 
and/or a Shore D Hardness less than about 42. 


