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(57) ABSTRACT 

An oxygen-absorbing composition containing particulate 
annealed electrolytically reduced iron of between about 100 
mesh and 325 mesh in an amount of about up to 63% by 
weight, a Salt Such as Sodium chloride in an amount by 
weight of about up to 3.5%, and a water-Supplying compo 
nent comprising activated carbon with liquid water therein 
of a mesh size of between about 20 mesh and 50 mesh in an 
amount by weight of up to about 85% in an envelope which 
will resist the passage of liquid water out of the envelope but 
will permit flow of oxygen into the envelope at a Satisfactory 
rate. 
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OXYGEN ABSORBER 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation-in-part of 
application Ser. No. 08/150,617, filed Nov. 10, 1993, which 
is a continuation-in-part of application Ser. No. 07/888,966, 
filed May 26, 1992, now U.S. Pat. No. 5,262,375, dated Nov. 
16, 1993. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to an improved oxy 
gen absorber for absorbing oxygen primarily in ambient 
temperature dry environments and which will also function 
Satisfactorily in in both low temperature environments and 
in moist environments. 

0003. By way of background, particulate iron is known as 
an oxygen absorber because it readily combines with oxy 
gen. In the past, various types of particulate iron have been 
used, including hydrogen reduced iron, electrolytically 
reduced iron, atomized iron, and milled pulverized iron. 
However, the hydrogen reduced iron, the atomized iron and 
the milled pulverized iron absorb oxygen relatively slowly. 
The electrolytically reduced iron absorbs oxygen faster, but 
at lower temperatures at which foods are normally refriger 
ated it absorbs oxygen at a slower rate than desired to 
remove the oxygen before the initial Stages of food spoilage 
commence. Furthermore, in dry environments it is necessary 
to Supply moisture for producing an electrolytic action 
which is necessary for activating the oxygen-absorbing 
action of the iron. However, Silica gel which has been used 
in the past for adsorbing moisture from a moist environment 
cannot be used for a plurality of reasons. The first reason is 
that if it contains Sufficient moisture to Supply Such moisture, 
it is not flowable and thus cannot be used efficiently in a 
manufacturing process. The Second reason is that if it 
contains a lesser amount of moisture So that it remains 
flowable, it will not give this moisture up for combining with 
a Salt to produce an electrolyte, and further, in a dry 
environment it will not have a Source of moisture from 
which it can adsorb the necessary moisture for activating 
oxygen absorption. Furthermore, the envelopes of certain 
prior oxygen-absorbing packets were deficient for use in dry 
environments in that they permitted moisture to escape from 
a moisture-containing oxygen-absorbing composition which 
diminished the moisture available for producing the required 
electrolytic action. 

SUMMARY OF THE INVENTION 

0004. It is the primary object of the present invention to 
provide an improved oxygen-absorbing composition which 
can Supply moisture in dry environments for the purpose of 
enhancing oxygen absorption. 
0005 Another object of the present invention is to pro 
vide an improved oxygen absorber which is flowable and 
which contains activated carbon with a relatively high 
percentage of water impregnated therein which is required to 
Supply moisture for absorbing oxygen in dry environments, 
the flowability being required for efficient handling in the 
manufacturing process. 
0006 A further object of the present invention is to 
provide an improved oxygen-absorbing composition which 
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includes particulate annealed electrolytically reduced iron 
and moisture-impregnated activated carbon which will pro 
vide good oxygen absorption in dry environments, in moist 
environments and in low temperature environments. 
0007 Yet another object of the present invention is to 
provide an improved combination of a package and an 
oxygen-absorbing composition which will provide good 
oxygen absorption in dry environments. 
0008. A still further object of the present invention is to 
provide an improved combination of a package and an 
oxygen-absorbing composition which inhibits migration of 
water from a moisture-carrying product in the package and 
thus conserves available moisture for creating an electrolyte 
for combining with iron to effect oxygen-absorption in dry 
environments. Other objects and attendant advantages of the 
present invention will readily be perceived hereafter. 
0009. The present invention relates to an oxygen-absorb 
ing composition comprising in relatively Sufficient propor 
tions particulate annealed electrolytically reduced iron, Salt 
for combining with water to produce an electrolyte which 
combines with Said iron to cause it to absorb oxygen, and a 
water-Supplying component comprising activated carbon 
with liquid water therein for Supplying Said water to Said Salt 
to produce Said electrolyte. 
0010. The present invention also relates to an oxygen 
absorbing packet for absorbing oxygen in dry environments 
comprising the above composition in an envelope consisting 
of a laminate of ethylene vinyl acetate, water and grease 
resistant paper, and microperforated polyester film. 
0011. The various aspects of the present invention will be 
more fully understood when the following portions of the 
Specification are read in conjunction with the accompanying 
drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a perspective view of an oxygen-absorb 
ing packet of the present invention; 
0013 FIG. 2 is a cross sectional view taken substantially 
along line 2-2 of FIG. 1; 
0014 FIG. 3 is a cross sectional view taken substantially 
along line 3-3 of FIG. 1; 
0015 FIG. 4 is a plan view of a packet which utilizes a 
preferred material for the envelope; 
0016 FIG. 5 is an enlarged cross sectional view taken 
substantially along line 5-5 of FIG. 4 and showing the 
material which is utilized to form the envelope of the 
oxygen-absorbing packet; 

0017 FIG. 6 is a fragmentary cross sectional view taken 
substantially along line 6-6 of FIG. 4; 
0018 FIG. 7 is a fragmentary cross sectional view taken 
substantially along line 7-7 of FIG. 4; and 
0019 FIG. 8 is a fragmentary cross sectional view taken 
substantially along line 8-8 of FIG. 4 and showing the 
Structure of the Seams. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0020. The improved oxygen absorber, in various forms, 
is intended for use with various types of food products and 
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other products packaged in dry environments, packaged in 
moist environments, and also products which require refrig 
eration at temperatures below the ambient temperature and 
generally at temperatures below about 50 F. and more 
specifically below about 40 F. The improved oxygen 
absorber comprising annealed electrolytically reduced iron 
is more efficient at both low temperatures and normal 
ambient temperatures than conventional oxygen absorbers, 
Such as particulate electrolytically reduced iron which has 
not been annealed. In this respect, it is believed that the 
annealing changes the Structure of the electrolytically 
reduced iron by inceasing the Surface area which, in turn, 
causes it to be more active in its oxygen-absorbing capacity. 

0021. The improved oxygen absorber composition of the 
present invention in its most basic form comprises particu 
late annealed electrolytically reduced iron plus a Salt which 
combines with moisture obtained from moisture-impreg 
nated activated carbon to produce an electrolyte for activat 
ing the iron to absorb oxygen. This composition is desired 
for use in dry environments. The improved oxygen-absorber 
composition is preferably packaged in an envelope, 
described hereafter, which inhibits migration of moisture out 
of the envelope, thereby conserving Such moisture for the 
oxygen-absorbing reaction. 

0022. One embodiment of a packet 10 which comprises 
the improved oxygen absorber is shown in FIGS. 1-3. The 
packet 10 of this embodiment includes an envelope 11 of 
spun-bonded polyolefin which is known under the trademark 
TYVEK, and this envelope is used primarily in moist 
environments with or without Silica gel as part of the 
oxygen-absorbing composition. In a moist environment the 
Silica gel adsorbS moisture from the moist environment and 
Supplies it to the remainder of the Oxygen absorbing com 
position, as discussed in greater detail hereafter. Envelope 
10 is formed by folding flexible planar material into tubular 
form and fusing it along overlapping edge portions 13 and 
15 to provide a seam 12. The end portion is then fused at 14, 
as by heat and preSSure, and the envelope is then filled with 
oxygen-absorbing material described hereafter. Thereafter, 
the other end portion is fused at 18, as by heat and preSSure 
to close the envelope. The ends of Seam 12 are Secured to 
end portion 18 at 20. This envelope structure is generally 
described in U.S. Pat. No. 4,992,410, which is incorporated 
herein by reference. However, it will be appreciated that 
other Suitable envelope constructions may be used, and a 
preferred envelope material, which is to be used in dry 
environments for an oxygen-absorbing composition contain 
ing water-impregnated activated carbon is described at an 
appropriate point hereafter. 

0023 The particulate annealed electrolytically reduced 
iron which is used in the oxygen-absorbing composition 16 
can be of a size of between about 50 mesh and 325 mesh and 
more preferably between about 100 mesh and 325 mesh and 
most preferably about 200 mesh. It has been found that the 
larger the mesh size, the Slower will be the reaction. Thus, 
100 mesh will react more slowly than 200 mesh which will 
react more slowly than 325 mesh. However, the 325 mesh 
Size is difficult to handle with certain packaging machinery. 
Particulate annealed electrolytically reduced iron of various 
sizes which have been used are manufactured by the SCM 
Corporation under the designations A-210 (100 mesh), 
A-220 (200 mesh) and A-230 (325 mesh). 

Sep. 20, 2001 

0024. Another component of the oxygen-absorbing com 
position is a Salt which, when combining with water, will 
form an electrolyte to activate the particulate iron. The Salt 
is preferably sodium chloride which may be present by 
weight in an amount of between about 0.4% to 3.5% and 
preferably between about 1.0% and 2.0%. The salt should be 
present in an amount So that it is Sufficiently concentrated 
relative to the iron So that all portions of the iron are in 
contact with the electrolyte which is formed by the salt. 
Above 3.5% no increase in reaction rate occurs. The exact 
amount of Sodium chloride is not critical. The Salt can be 
between about 48 mesh and 325 mesh. It will be appreciated 
that if an excessive amount of iron is used for a particular 
environment, the amount of salt could be less than 0.4% by 
weight, and thus there will be oxygen absorption at a good 
rate, but the system will be inefficient. Therefore, it will be 
appreciated that the only requirement, if efficiency is not a 
factor to be considered, is that the particulate annealed 
electrolytically reduced iron and the Salt should be present in 
Sufficiently relative proportions to absorb oxygen at a 
desired rate. 

0025. Other equivalent salts may be substituted for the 
Sodium choride, and these include, without limitation, cal 
cium chloride, potassium chloride, magnesium Sulfate, mag 
nesium chloride, barium chloride, potassium nitrate, potas 
sium phosphate, potassium hypophosphate, Sodium 
carbonate and potassium carbonate. However, Sodium chlo 
ride, potassium iodide, potassium bromide, calcium chloride 
and magnesium chloride are preferred. 

0026. The composition of particulate annealed electro 
lytically reduced iron and Salt, without more, provides 
effective oxygen absorption in atmospheres or containers 
wherein there is Sufficient moisture to combine with the Salt 
to produce an electrolyte. However, in environments 
wherein there is moisture present but the amount of moisture 
is relatively low, that is, where the amount of moisture is leSS 
than that which will activate the electrolyte without the use 
of an agent to attract moisture, a water-attracting and Sup 
plying component can be added to the particulate annealed 
electrolytically reduced iron and Salt. The water-attracting 
and Supplying component can be a Silica gel which has a 
water-attracting and Supplying capacity. The Silica gel may 
be present by weight in any amount up to about 80% and 
more preferably between about 40% and 50%. The water 
content of the silica gel by weight can vary from 0% to 32% 
and more preferably between about 18% and 26%. 
0027. When the water-attracting and supplying compo 
nent is used, the Salt can be added to both the Silica gel and 
to the iron prior to combining them. The Salt can be added 
to the Silica gel by dissolving it in water before being added 
to the Silica gel. The Silica gel can have a mesh size of 
between about 30 mesh and 325 mesh. However, the mesh 
Size is not critical. Other water-attracting and Supplying 
components may be used and these include without limita 
tion diatomaceous earth, perlite, Zeolite, activated carbon, 
Sand, Salt, activated clay, molecular Sieve, cellulose, acrylic 
polymers or other natural and Synthetic polymers. 

0028. Of the above water-attracting and supplying com 
ponents, it has been found that activated carbon with liquid 
water impregnated therein is Superior to Silica gel for 
operation in dry environments which cannot Supply Suffi 
cient moisture for combining with the electrolyte to activate 
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the oxygen absorbing capability of the iron. The water 
impregnated activated carbon is primarily a moisture Sup 
plier in the Sense that it readily gives up its impregnated 
water in dry environments whereas Silica gel must generally 
first adsorb moisture from the environment before it gives it 
up, especially when the amount of moisture it contains is 
less than its Saturated amount. Thus in very dry environ 
ments, the Silica gel cannot effectively adsorb and Supply 
moisture because there is insufficient moisture for it to 
adsorb and thereafter release. The dry environments are 
those which do not have moisture, Such as canned or 
packaged products of various types including but not limited 
to nuts, fried foods, potato chips, cereals, grains, pharma 
ceuticals, powders and other materials which are Subject to 
deterioration by oxygen but which cannot Supply the mois 
ture for combining with the Salt to produce an electrolyte. 
The activated carbon is especially advantageous (1) because 
it can have added to it a relatively large amount of water 
before it is placed in the dry environment which it will 
thereafter readily release after having been placed in the dry 
environment, and (2) because of its flowability as a powder 
after it has relatively large amounts of water added thereto 
and adsorbed therein, and is thus desirable from a manu 
facturing viewpoint because it flows well into the envelopes 
both by itself and when in a mixture with the particulate iron. 
This is in contrast to Silica gel which becomes a slurry when 
it has more than 26% by weight of the combined silica gel 
and moisture, and as Such is not flowable. The flowable 
activated carbon will not only carry the liquid water but it 
will readily give it up to the Salt for forming the electrolyte. 
This is in contrast to Silica gel discussed above because the 
Silica gel is both a water-attracting and Supplying material. 
In this respect, the Silica gel will attract water from its 
environment until it becomes Saturated and after it becomes 
Saturated, it will continue to attract water until it becomes 
SuperSaturated and then it will release the water to the 
environment. However, if there is no water in the environ 
ment originally, the Silica gel will be incapable of Supplying 
liquid water to the electrolyte because there is insufficient 
water in the dry environment to be attracted by the Silica gel 
before it can be released. 

0029. The moisture-impregnated activated carbon, that 
is, the activated carbon plus its moisture, may be present in 
an amount of between 37% and 85% by weight of the total 
weight of the oxygen-absorbing composition and more 
preferably between 59% and 78% and most preferably 
between 64% and 75%. Thus, the annealed electrolytically 
reduced iron can be present by weight in an amount of 
between about 15% and 63%, and more preferably between 
about 22% and 41%, and most preferably between about 
25% and 36%, and the salt can be present as noted above in 
an amount by weight of the iron of between about 0.4% and 
3.5%. The exact amount is not critical, and exceeding 3.5% 
will not hasten the reaction. The preferred size of the 
activated carbon is about 20x50 mesh. However, it can range 
between about 100 mesh to between about 4x6 mesh and it 
can be as Small as about 200 mesh. Also, the activity test 
number may be between about 30 and 90 weight percent 
adsorption, and more preferably between about 40 and 80 
weight percent adsorption and most preferably between 
about 50 and 60 weight percent adsorption; the Surface area 
may be between about 400 and 2000 sq. m/gm, and more 
preferably between about 600 and 1500 sq. m/gm and most 
preferably between about 900 and 1000 sq. m/gm; the pore 
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volume may be between about 0.3 and 1.3 cc/gm, and more 
preferably between about 0.5 and 1.0 cc/gm, and most 
preferably between about 0.7 and 0.8 cc/gm; and the density 
may be between about 19 and 35 lbs/cubic foot dry and 35 
and 50 lbs/cubic foot wet, and more preferably between 
about 25 and 34 lbs/cubic foot dry and 40 and 50 lbs/cubic 
foot wet, and most preferably between about 30 and 32 
lbs/cubic foot dry and 45-50 lbs/cubic foot wet. 
0030) A preferred activated carbon which has been used 
in all of the examples set forth hereafter has the following 
characteristics. It has a size of 20x50 mesh; an activity of 50 
to 60 weight percent adsorption; a surface area of 900-1000 
Sq. m/gm; moisture in the amount of 31-34% by weight; a 
pore volume of 0.7 to 0.8 cc/gm; and a density of 30 to 32 
lbs/ft dry and 45 to 50 lbs/ft wet. 
0031. As noted above, water is added to the activated 
carbon by merely mixing it therewith. The water may be 
present by weight as a percent of the combined weight of the 
activated carbon and water between 10% and 40% and more 
preferably between 20% and 38% and most preferably 
between 31% and 35%. With all of the above percentages, 
the activated carbon remains flowable as a powder, whereas 
when Silica gel has more than 26% by weight of moisture, 
it becomes a slurry. 
0032. The improved composition containing annealed 
electrolytically reduced iron, Salt and activated carbon 
impregnated with liquid water can be prepared in the fol 
lowing manner. The required amount of Salt, Such as Sodium 
chloride, is dissolved in the required amount of water which 
is thereafter mixed into the activated carbon. Thereafter, the 
activated carbon with the salt water electrolyte therein is 
mixed or blended with the annealed electrolytically reduced 
iron and the resulting composition is placed into the enve 
lope in which it is used. As noted above, this mixture flows 
well. Alternatively, the mixture of activated carbon with salt 
Solution therein and the annealed electrolytically reduced 
iron can each be deposited Separately into the envelope. AS 
a further alternative, and preferably, the required amount of 
dry Salt can be mixed with the annealed electrolytically 
reduced iron, and the required amount of water can be mixed 
or blended with the activated carbon, and thereafter each 
mixture can be independently deposited into the envelope, 
or the two mixtures can be mixed with each other and 
thereafter deposited into the envelope. 
0033) A preferred formulation for absorbing 100 cc of 
oxygen consists of 200 mesh annealed electrolytic iron in 
the amount of 0.85 grams and the above-described preferred 
impregnated activated carbon in the amount of 2.0 grams 
with the impregnated activated carbon consisting by weight 
of 65.5% of activated carbon, 33% of water and 1.5% of 
Sodium chloride. This 2.85 gram mixture comprises 30% by 
weight of iron and 70% by weight of impregnated activated 
carbon. 

0034. The improved oxygen absorber containing mois 
ture-impregnated activated carbon for use in dry environ 
ments is packaged in a moisture and oxygen permeable 
envelope which will permit oxygen to pass therethrough but 
will resist the migration of the water therefrom so that such 
water is confined to combining with the Salt rather than 
being drawn away into the dry environment, which essen 
tially produces a desiccating action. The envelope contain 
ing the oxygen-absorbing composition comprises a packet 
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which is placed in various types of containers including 
bags, cans and jars which contain materials in a dry envi 
rOnment. 

0035) The preferred material from which an envelope 25 
is fabricated is shown in FIG. 5 and an envelope fabricated 
therefrom is shown in FIG. 4. The material is a laminate 27 
consisting of an inner layer 17 of EVA (ethylene vinyl 
acetate) 30 microns thick which has 250,000 holes per 
Square meter; a layer of water and grease resistant paper 19 
having a weight of 50 grams per Square meter; a layer 22 of 
low density polyethylene 15 microns thick, and an outer 
layer 21 of microperforated polyester film 12 microns thick 
having 13,888 holes per Square meter. It will be appreciated 
that the foregoing dimensions may vary. Layer 19 of water 
and grease resistant paper limits migration of material into 
and out of the envelope 11 and prevents Staining thereof 
from food on the outside and rust from oxidation of the iron 
inside the envelope 11. Layer 22 of low density polyethylene 
is a Seal layer to Seal layerS 19 and 21 to each other, and thus 
the low density polyethylene layer is not considered part of 
the functioning laminate other than as a Seal. Inner layer 17 
is sealed to paper layer 19. The perforated polyester outer 
layer 21 is the material which contacts food or other sub 
stances within a container into which packet 10 is placed. 
The layers 17, 19, 22 and 21 are sealed into the laminate 27 
by Suitable heat and pressure. The water vapor transmission 
rate of the laminate 27 is 50-75 grams per square meter per 
24 hours. This is in contrast to the TYVEK which is used in 
moist environments and which has a much greater vapor 
transmission rate. The laminate 27 is essentially a trilami 
nate of the EVA inner layer 17, the water and grease resistant 
paper 19, and the outer polyester layer 21, and in the various 
examples presented hereafter it is referred to as a trilaminate. 
This trilaminate is a commercially available product known 
as San-ai TJ-2802. 

0.036 The foregoing laminate is especially desirable for 
the intended purpose of limiting or impeding migration of 
water out of the envelope. The envelope will tend to retain 
the water therein while permitting oxygen to pass there 
through. Thus, the envelope will resist loss of water from the 
moisture-impregnated activated carbon during the packag 
ing process and during Short periods of Storage So that it will 
be present for combining with the Salt to produce an elec 
trolyte after it is placed in a dry environment. 
0037. The envelope 25 which is fabricated from laminate 
27 is shown in FIGS. 4, 6 and 7. The envelope 25 is 
fabricated from a folded-over piece of material 27 at fold 29, 
and the inner layer 17 is sealed to itself by heat and pressure 
to form seams 30, 31 and 32. The oxygen-absorbing com 
position 16 is placed within envelope 25 prior to Sealing the 
last of seams 30, 31 or 32. 
0.038. The oxygen absorber composition utilizing 
annealed electrolytically reduced iron can be made into a 
label utilizing any of the foregoing envelope materials which 
can be adhesively Secured to the inside of a wrapper or a 
container. The Oxygen absorber will thus absorb oxygen 
from any air which is trapped within the package or con 
tainer after it has been hermetically Sealed, and it will also 
attract oxygen which may originally exist within the product 
itself which is within the package. 
0.039 The oxygen absorber containing moisture-impreg 
nated activated carbon is intended to be used with all types 
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of dry packaged products which may be deleteriously 
affected by the presence of oxygen, and it can also be used 
in moist environments. These products especially comprise 
dry foods, Such as pasta, nuts, dried foods, prepared cereals, 
grains, pharmaceuticals and other dry Substances, and the 
products also include, without limitation, non-dry foods 
Such as meat, fish or anything else which will be affected in 
taste or quality by the presence of oxygen. 
0040. As noted above, the improved oxygen absorber 
which includes particulate annealed electrolytically reduced 
iron is especially beneficial at refrigerated temperatures, that 
is, all temperatures below about 50 F. and more preferably 
between about 32 F. and 40 F. It is also beneficial as low 
as 28 F., and it is believed to be beneficial at temperatures 
below 28 F. Stated more broadly, the improved oxygen 
absorber containing annealed electrolytically reduced iron is 
intended for use especially at any refrigerated temperature 
which is below the normal ambient temperature. AS noted 
above, the oxygen absorber containing the particulate 
annealed electrolytically reduced iron is also more effective 
at ambient temperatures than Such a product which has not 
been annealed or other types of particulate iron which have 
heretofore been used for oxygen absorption. 
0041 Various compositions have been formulated utiliz 
ing particulate annealed electrolytically reduced iron. The 
following Examples 1-3 show the oxygen-absorbing capa 
bility of the annealed electrolytically reduced iron in com 
positions which are used in moist environments and which 
do not include activated carbon with liquid water therein and 
which are packaged in TYVEK (spun bonded polyolefin) 
envelopes and contain Silica gel. In the moist environments 
the Silica gel attracts water to the composition for activating 
oxygen absorption. In moist environments the TYVEK 
envelope is desired over the trilaminate envelope because it 
has a higher water vapor transmission rate and thus can 
permit the Silica agel to relatively rapidly receive its mois 
ture from the moist environment. 

EXAMPLE 1. 

0042. A composition was prepared by mixing 0.5 grams 
of 200 mesh annealed electrolytically reduced iron with 0.5 
grams of 100 mesh annealed electrolytically reduced iron. 
Both types of iron were previously blended with 2% by 
weight of Sodium chloride having a particle Size of about 
325 mesh. The foregoing composition was Sealed in a 
TYVEK envelope which was placed in a 1000 cc sealed 
glass jar containing atmospheric air having about 20.6% 
oxygen. The jar also contained a piece of blotter paper 
containing about one gram of water to provide moisture. The 
jar was placed in a refrigerator having a temperature of 39 
F. With the foregoing blend, 59 cc of oxygen were absorbed 
in 24 hours, and 156 cc of oxygen were absorbed in 48 
hours. 

EXAMPLE 2 

0043. The same formulation as set forth in Example 1 
was placed in a 2-gallon plastic air-tight container having 
7500 cc of atmospheric air containing about 20.6% of 
oxygen, or 1559 cc of oxygen. A piece of blotter paper 
containing four grams of water was also placed in the 
container. The container was sealed and placed in a 39 F. 
refrigerator. The theoretical capacity of the formulation 
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containing one gram of iron is 295 cc of oxygen. At 
refrigerated conditions of 39 F., the above formulation 
absorbed 20% of its theoretical capacity of 295 cc of 
oxygen, or 59 cc, in 24 hours and a total of 53%, or 156 cc, 
theoretical capacity of 295 cc in 48 hours. 

EXAMPLE 3 

0044) A mixture was provided in a TYVEK packet con 
taining 0.5 grams of 200 mesh annealed electrolytically 
reduced iron, 0.5 grams of 100 mesh annealed electrolyti 
cally reduced iron, and 0.8 grams hydrated Silica gel con 
taining 21% moisture. The composition also contained 1.5% 
by weight of sodium chloride having a mesh size of 325. The 
hydrated silica gel had a mesh size of between 30 and 200. 
The above formulation was placed in a TYVEK envelope, 
and the Sealed envelope was inserted into a 1000 cc glassjar 
containing atmospheric air containing about 206 cc of 
oxygen which was then Sealed and placed in a refrigerator 
having a temperature of 39 F. The foregoing formulation 
absorbed 35% of its theoretical capacity of 295 cc of oxygen 
in 24 hours, and it absorbed 58% of its theoretical capacity 
of 295 cc of oxygen in 48 hours. Thus, it absorbed 103 cc 
of oxygen in 24 hours and 171 cc in 48 hours. It can thus be 
Seen that Example 3 which contains the hydrated Silica gel 
is much faster acting in the first 24 hours than the compo 
sition of Example 1 which contains the same amounts of 100 
mesh and 200 mesh iron but does not contain the Silica gel. 
0.045 Comparisons were made of the oxygen-absorbing 
characteristics of like compositions of both annealed elec 
trolytically reduced iron and non-annealed electrolytically 
reduced iron, and it was found that the former absorbed 
oxygen at a much faster rate. More Specifically, two com 
positions were made. Composition A contained 0.85 grams 
of 200 mesh annealed electrolytically reduced iron and 1.36 
grams of Silica gel containing 23% water and 1.5% Sodium 
chloride. Composition B had the same ingredients, except 
that the iron was electrolytically reduced, but not annealed. 
Each composition, after blending, was placed in a TYVEK 
envelope and each was then placed in a Separate air-tight 
glass container having about 500 cc of atmospheric air 
which included about 100 cc of oxygen. The containers each 
also had a piece of blotter paper placed therein containing 
one gram of water. Each container was then placed in a 38 
F. refrigerator. The following rates of oxygen absorption 
were observed: 

AMOUNTS OF OXYGENABSORBED IN CC 

Elapsed time Composition A Composition B 
in hours (Annealed) (Non-annealed) 

19 91 29 
25 1OO 60 
28 71 
42 1OO 

0046. It was also found that the reaction temperatures 
utilizing annealed electrolytically reduced iron at ambient 
temperatures was much faster than the use of electrolytically 
reduced iron which was not annealed. 

0047 Tests were made of the rate of oxygen absorption 
of a mixture containing annealed electrolytically reduced 
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iron at room temperature of about 72 F. A mixture contain 
ing 0.85 grams of A-220 annealed electrolytically reduced 
iron of 200 mesh with 1.36 grams of Silica gel containing 
26% water and 1.5% sodium chloride was placed in a 
TYVEK envelope which was sealed. The packet consisting 
of the Sealed envelope and its contents was placed in a 500 
cc glass jar containing a gram of water on blotter paper. The 
jar contained 500 cc of atmospheric air containing about 100 
cc of oxygen. Three jars were tested with one packet in each 
jar, and the average of three tests showed that after 2 hours 
19 cc of oxygen were absorbed, after 4 hours 73 cc were 
absorbed, and at 6 hours 100 cc were absorbed. Tests were 
also made under Substantially identical conditions with the 
only change being the use of non-annealed reduced iron. AS 
a result of Such tests, it was found that after 2 hours 7 cc of 
oxygen was absorbed, after 4 hours 10 cc was absorbed, 
after 7 hours 29 cc was absorbed and after 24 hours 100 cc 
was absorbed. The above data is set forth in the following 
table for ease of comparison: 

COMPARISON OF OXYGENABSORPTION RATES IN CC 

Time in Hours 

Composition 2 4 6 7 

A. 19 73 1OO 
B 7 1O 29 

0048 where A is annealed electrolytically reduced iron 
and B is non-annealed electrolytically reduced iron. 

0049. The following Examples 4-7 are directed to the use 
of water-impregnated activated carbon in dry environments 
and show the differences in results which were obtained by 
using TYVEK envelopes versus trilaminate envelopes. The 
results of the TYVEK envelopes are set forth in Examples 
4 and 6, and the results of the trilaminate envelopes are Set 
forth in Examples 5 and 7. Example 4 is to be compared with 
Example 5 and Example 6 is to be compared with Example 
7. 

EXAMPLE 4 

0050. A composition was prepared by blending 0.34 
grams of 100 mesh annealed electrolytically reduced iron 
with water-impregnated activated carbon of the above 
described preferred type in the amount of 0.90 grams except 
that it contained 35% by weight of water and 1.5% by weight 
of Sodium chloride. The impregnated activated carbon was 
of 20x50 mesh and consisted of 0.57 grams of activated 
carbon and 0.31 grams of water and 0.014 grams of sodium 
chloride. Thus, the water consisted of 35% of the total 
weight of the impregnated activated carbon. The total weight 
of the mixture of iron activated carbon, Salt and water was 
1.24 grams. The mixture was placed in a TYVEK envelope, 
Grade 1059B, and the envelope containing the mixture was 
placed in a 500 cc jar containing 25 grams of dry prepared 
breakfast cereal, LUCKY CHARMS brand, which occupied 
about 160 milliters of Space. The jar was maintained at an 
ambient temperature of about 70 F. The following test 
results were obtained: 
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Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 2.1 cc 
25 2.4 cc 
42 2.2 cc 

EXAMPLE 5 

0051 A test was made which was identical to Example 4 
except that the envelopes were made of the trilaminate film 
described above, and the following results were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 25.7 cc 
25 27.4 cc 
42 27.4 cc 

EXAMPLE 6 

0.052 A test was made which was identical to Example 4 
except that 0.80 grams of the above-described preferred 
impregnated activated carbon was used containing by 
weight 33% water and 1.5% sodium chloride. Thus the 
Sample contained 0.52 grams of activated carbon, 0.26 
grams of water and 0.012 grams of salt. ATYVEKenvelope 
was used. The results were as follows: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 4.0 cc 
25 4.7 cc 
42 4.7 cc 

EXAMPLE 7 

0.053 A test was made which was identical to Example 6 
except that the envelopes were made of trilaminate film 
described above, and the following results were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 50.4 cc 
25 55.4 cc 
42 57.4 cc 

0.054 An analysis of Examples 4-7 reveals that the com 
bination of impregnated activated carbon in a trilaminate 
envelope produces much better oxygen absorption than the 
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combination of the same amounts of impregnated carbon in 
a TYVEK envelope. In this respect, a comparison of 
Examples 4 and 5 wherein the impregnated activated carbon 
had 35% water, the oxygen absorption was much greater in 
a trilaminate envelope. A comparison of Examples 6 and 7 
shows Similar results to Examples 4 and 5, namely, that the 
impregnated activated carbon in the trilaminate envelope 
absorbed an average of about 54.3 cc verSuS about an 
average of 4.5 cc for the TYVEK envelope. The differences 
favoring the use of impregnated activated carbon in a 
trilaminate envelope over a TYVEK envelope is that the 
trilaminate will impede the migration of water out of the 
envelope whereas the TYVEK does not impede this migra 
tion because it has a higher water vapor transmission rate. In 
the present instance the dry cereal acted as a desiccant to 
draw the moisture out of the TYVEK envelope at a more 
rapid rate than from the trilaminate, that is, before the 
moisture can work with the Salt to produce Sufficient elec 
trolyte for activating the iron. Stated otherwise, the trilami 
nate, by impeding the passage of moisture without impred 
ing the passage of oxygen permits the activated carbon to 
release its moisture to the Salt to create the electrolyte to 
activate the iron to combine with and thus absorb the 
OXygen. 

0055. The following tests set forth in Examples 8-15 
were also made to Show that Silica gel in a trilaminate 
envelope does not work as effectively as impregnated acti 
Vated carbon in a trilaminate envelope even if it possesses 
the Same total amount of water as impregnated activated 
carbon. In these examples the Silica gel only contained 21% 
by weight of water, which is Substantially the maximum 
amount it can have and still remain flowable. In these tests, 
while the Silica gel had only 21% water as compared to the 
35% water of the activated carbon, the amount of silica gel 
was increased So that the total amount of water in the Silica 
gel was equal to the total amount of water in the impregnated 
activated carbon. 

EXAMPLE 8 

0056. A composition was prepared by blending 0.33 
grams of 100 mesh annealed electrolytically reduced iron 
with 0.01 grams of 325 mesh sodium chloride to provide a 
total weight of 0.34 grams with the sodium chloride com 
prising 2% of the weight of the iron. Water-impregnated 
activated carbon of the above-described preferred type 
except as noted hereafter in the amount of 0.61 grams was 
blended with the mixture of iron and Sodium chloride. The 
impregnated activated carbon was of 30x80 mesh and 
consisted of 0.40 grams of activated carbon and 0.21 grams 
of water. Thus, the water consisted of 35% of the total 
weight of the impregnated activated carbon. The total weight 
of the mixture of iron activated carbon, Salt and water was 
0.95 grams. The mixture was placed in a trilaminate enve 
lope, and the envelope containing the mixture was placed in 
a 500 cc jar containing air. The jar was maintained at an 
ambient temperature of about 70 F. The following test 
results were obtained: 
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Average Oxygen 
Elapsed Time 

in Hours 
Absorption of 
Three Samples 

17 13 cc 
24 16 cc 
41 31 cc 

EXAMPLE 9 

0057 Tests were performed which were identical to 
Example 8 except that 1.00 grams of Silica gel containing 
21% by weight of water was substituted for the 0.61 grams 
of impregnated activated carbon containing 35% by weight 
of water So that the total water contents of the Silica gel and 
the activated carbon were equal, and the following results 
were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 O 
25 O 
42 O 

EXAMPLE 10 

0.058 Tests were performed which were identical to 
Example 8 except that 0.61 of impregnated activated carbon 
of the above preferred type was used except that it contained 
28% by weight of water, i.e., 0.17 grams of water, and the 
following results were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

17 16 cc 
24 22 cc 
41 29 cc 

EXAMPLE 11 

0059 Tests were performed which were identical to 
Example 10 except that 0.81 grams of Silica gel containing 
21% by weight of water was substituted for the activated 
carbon, i.e., 0.17 grams of water and the following results 
were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 0 cc 
25 0 cc 
42 0 cc 
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EXAMPLE 12 

0060 Tests were performed which were identical to 
Example 8 except that 0.90 grams of 20x50 mesh of the 
above-described preferred impregnated activated carbon 
containing 33% by weight of water and containing 1.5% by 
weight of NaCl was used, and the 0.34 grams of iron did not 
have NaCl added thereto. Thus this composition contained 
0.31 grams of water. The following results were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

24 31 cc 
44 41 cc 
89 51 cc 

EXAMPLE 13 

0061 Tests were performed which were identical to 
Example 12 except that 1.5 grams of Silica gel containing 
21% water plus 1.5% sodium chloride was substituted for 
the activated carbon. Thus the water content was 0.31 grams. 
The following results were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 0 cc 
25 0 cc 
42 0 cc 

EXAMPLE 1.4 

0062 Tests were performed which were identical to 
Example 8 except that 0.80 grams of 20x50 mesh of the 
above-described preferred impregnated activated carbon 
was used which contained by weight 33% water plus 1.5% 
NaCl. This amounted to 0.26 grams of water. The following 
results were obtained: 

Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

24 67 cc 
44 79 cc 
89 90 cc 

EXAMPLE 1.5 

0063 Tests were performed which were identical to 
Example 14 except it substituted for the activated carbon 
1.25 grams of Silica gel containing by weight 21% water and 
1.5% NaCl. This amounted to 0.26 grams of water. The 
following results were obtained: 
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Average Oxygen 
Elapsed Time Absorption of 

in Hours Three Samples 

19 0 cc 
25 0 cc 
42 0 cc 

0064. A comparison of Examples 8 and 9; 10 and 11; 12 
and 13; and 14 and 15 shows that even when flowable silica 
gel having 21% of water is used in Sufficient amounts to 
provide total amounts of water which are equal to the total 
amounts of water contained in moisture-impregnated acti 
Vated carbon, the oxygen absorption produced by the 
impregnated activated carbon greatly exceeds the oxygen 
absorption of the Silica gel. In fact, as can be seen from 
Examples 9, 11, 13 and 15, there was no oxygen absorption 
in a dry environment by the Silica gel because it does not 
give up its water to produce the necessary electrolyte, 
whereas in Examples 8, 10, 12 and 14 the activated carbon 
does give up its water for combining with the Salt to form an 
electrolyte. 
0065 Summarizing, the moisture-impregnated activated 
carbon containing a relatively large amount of water is 
flowable, and it readily gives up this water in dry environ 
ments. Additionally, when Such impregnated activated car 
bon is used in the above-described trilaminate envelope, the 
latter impedes the migration of water out of the envelope, 
and thus conserves it for combining with the Salt of an 
oxygen-absorbing composition. On the other hand, the Silica 
gel is preferred for use in moist environments because of its 
great water-attracting capacity, and, further, the TYVEK is 
preferable in a moist atmosphere because it has a greater 
water vapor transmission rate than the trilaminate. 
0.066 Generally the finer the particulate iron which is 
used, the speedier will be the oxygen absorption. Thus, 325 
mesh iron and above is preferred from a theoretical view 
point. However, the fineness may be limited by the use of the 
machinery which is utilized to fabricate the packets or labels 
discussed above. 

0067. While preferred embodiments of the present inven 
tion have been disclosed, it will be appreciated that the 
present invention is not limited thereto but may be otherwise 
embodied within the scope of the following claims. 
What is claimed is: 

1. An oxygen-absorbing composition comprising in rela 
tively Sufficient proportions particulate annealed electrolyti 
cally reduced iron, Salt for combining with water to produce 
an electrolyte which combines with Said iron to cause it to 
absorb oxygen, and a water-Supplying component compris 
ing activated carbon with liquid water therein for Supplying 
Said water to Said Salt to produce Said electrolyte. 

2. An oxygen-absorbing composition as Set forth in claim 
1 wherein Said water-Supplying component is present by 
weight in an amount of up to about 85% of the total weight 
of the composition. 
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3. An oxygen-absorbing composition as Set forth in claim 
2 wherein Said water-Supplying component contains by 
weight up to about 40% of water. 

4. An oxygen-absorbing composition as Set forth in claim 
2 wherein Said water-Supplying component is present in an 
amount by weight of between about 59% and 78% of the 
total weight of the composition. 

5. An oxygen-absorbing composition as Set forth in claim 
4 wherein Said water-Supplying component contains by 
weight between about 20% and 38% of water. 

6. An oxygen-absorbing composition as Set forth in claim 
1 wherein Said particulate annealed electrolytically reduced 
iron is present by weight in an amount between about 63% 
and 15% of the total weight of the composition, and wherein 
Said water-Supplying component is present in an amount of 
between about 37% and 85% of the total weight of the 
composition. 

7. An oxygen-absorbing composition as Set forth in claim 
6 wherein Said water-Supplying component contains by 
weight between about 10% and 40% of water. 

8. An oxygen-absorbing composition as Set forth in claim 
6 wherein Said water-Supplying component contains by 
weight between about 20% and 38% of water. 

9. An oxygen-absorbing composition as Set forth in claim 
1 wherein Said annealed electrolytically reduced iron is 
present by weight in an amount of up to about 63% of the 
total weight of the composition, and wherein Said water 
Supplying component is present by weight in an amount of 
at least about 37% of the total weight of the composition. 

10. An oxygen-absorbing composition as Set forth in 
claim 9 wherein Said water-containing component contains 
by weight between about 20% and 38% of water. 

11. An oxygen-absorbing composition as Set forth in 
claim 10 wherein said iron is of a size of between about 100 
and 325 mesh, and wherein Said water-Supplying component 
is of a size of between about 4 mesh and 200 mesh. 

12. An oxygen-absorbing composition as Set forth in 
claim 1 wherein Said particulate annealed electrolytically 
reduced iron is of a size of between about 100 mesh and 325 
mesh. 

13. A packet of an oxygen-absorbing composition com 
prising in relatively Sufficient proportions particulate 
annealed electrolytically reduced iron, Salt for combining 
with water to produce an electrolyte which combines with 
Said iron to cause it to absorb oxygen, a water-Supplying 
component comprising activated carbon with liquid water 
therein for Supplying Said water to Said Salt to produce Said 
electrolyte, and an envelope for Said composition compris 
ing a laminate of ethylene Vinyl acetate, water and grease 
resistant paper, and microperforated polyester film. 

14. A packet of an oxygen-absorbing composition as Set 
forth in claim 13 wherein said ethylene vinyl acetate has 
about 250,000 holes per square meter, and wherein said 
microperforated polyester film has about 13,888 holes per 
Square meter. 


