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- An oxygen-absorbing composition (16) containing particulate annealed electrolytically reduced iron of between about 100
mesh and 325 mesh in an amount of about up to 99.6 % by weight, a salt such as sodium chloride in an amount by weight of

about up to 3.5 %, and optionally a water-attracting and supplying component such as silica gel of a mesh size of between about
30 mesh and 325 mesh in an amount by weight of up to about 80 %. A packet (11) for absorbing oxygen including a stain and

grease resistant envelope (27) containing the oxygen-absorbing composition (16). A grease and stain resistant laminate (27) con-
sisting of plies of various plastics (17, 21, 22) and grease and stain resisting paper (19).
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OXYGEN ABSORBER

BACKGROUND OF THE INVENTION
The present invention relates to an improved
oxygen absorber and oxygen-absorbing method, especially for
absorbing ongen in low temperature environments.

By way of back’ground, particulate iron is known

~as an oxygen absorber because it readily combines with

oxygen. In the past, various types of particulate iron
have been used, including hydrogen reduced iron', electro-
lytically 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

food are normally refrigerated 1t absorbs oxygen at a
slower rate than desired to remove the oxygen before the
initial stages of food 8poilagé'commence.
SUMMARY OF THE INVENTION
It 1s the primary object of the present inven-
tion to provide an 'improved oxygen-absorbing composition

;Which includes = particulate annealed -electrolytically

reduced iron which will provide a more rapid rate of oxygen
absorption - than plain electrolytically reduced iron,
especially at lower temperatures.

- Another object of the present“ invention is to

'_érovide an impro.v'ed method of oxygen absorption utilizing

particulate annealed electrolytically reduced iron. Other

objects and attendant adv'antages of the present invention
will readily be perceived hereafter.

The improved oxygen—-absorbing composition
comprises in relatively sufficient proportions particulate
annealed electrolytically reduc'ed' iron, and salt means for
producing an electrolyte so as to activate the iron.

The 1improved method of absorbing oxygen from a
product in a closed container which 1is subjected to

temperatures below 50° F. comprises the steps of placing
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paper, a first sealing layer between said material contact- !

from said material contacting layer.

for fabrlcatlon into an envelope comprising a first sealing

said product into a container which is to be subjected to
temperatures below 50° F., and adding a mixture particulate
annealed electrolytically reduced iron and a salt to the

container.

The present invention also relates to a packet o

for absorbing oxygen comprising an oxygen—absorbing
composition, and an envelope containing said oxygen= i
absorbing composition, said envelope comprising a laminate

of material contacting layer, water and grease resistant

ing layer and said water and grease resistant paper, and a |

' second sealing layer on the opposite side of said laminate '

The present invention also relates to a laminate

layer of ethylene vinyl acetate, a layer of water and great i
re51stant.paper, a materzal contact1ng layer of polyester, 1
and a second sealing layer of'low'density polyethylene for 1
tylng sald layer of polyester and said layer of water and .

grease re51stant paper. ' ' ’

#w_m

FIG. 1 is a perspective view of an oxygen-

,'__absorblng packet of the present invention;
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tlally along 11ne 3- 3 of FIG 1;

FIG 2 is a cross sectronal view taken substan-

tlally along line 2-2 of FIG.‘l
FIG. 3 is a cross sectlcnal view taken substan-

FIG. 4 is a plan view of a packet which utilizes
a preferred materlal for the envelope;
FIG. 5 is an enlarged cross sectional view taken

substantlally along line 5-5 of FIG. 4 and showing the = |
material which 1s utilized to form the envelope of the ;__f._,;_“‘__-_._._ij?--

oxygen-absorblng packet; |
FIG. 6 is a fragmentary cross sectional view

taken substantlally along line 6-6 of FIG. 4;
FIG. ‘7 1is a fragmentary cross sectional view

taken substantially along line 7-7 of FIG. 4; and
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FIG. 8 1s a fragmentary cross sectional view
taken substantially along line 8-~8 of FIG. 4 and showng the
structure of the seams.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
= The improved oxygen absorber and method of
oxygen absorption are intended primarily for use with
various types of food products or anything that requires
refrigeration at temperatures below the ambient temperature
and generally at temperatures below about 50° F. and more

10 specifically below about 40° F. It has also been found
that the 1mproved oxygen absorber comprising annealed
electrolytically reduced iron is also more efficient at
normal ambient temper'atur.es than c¢conventional oxygen
absorbers, such as particulate electrolytically reduced

15 1iron which has not been annealed. 1In this respéct, it 1is
believed that thé annealing changes the structure of the
electrolytically reduced iron by 1inceasing the surface area
which; in turn, causes it to be more active in its oxygen-
abscrbing capacity. '

20 S The 'improved oxygen absorber 1in its most basic
form comprises-' particulate annealed electrolytically
reduced iron plus a salt which ‘combines with moisture to
produce an electrolyte for activating the iron to absorb
oxygen. -

- 25 - Th'e improved methbd of absorbing oxygen
e = comprisesthe use of-particuléte annealed electrolytically
- - -- reduced irod and a salt in a container subjected to

refrigeration for absorbing the oXygen in the contailner.

) - One embodiment of a packet 10 which comprises

30 the improved oxygen absorber 1s shown in FIGS. 1l-3. The
packet 10 of this embodiment includes an envelope 1ll of

RSV spun—-bonded polyolefin which 1s known under the trademark

I TYVEK. Envelope 10 is formed by folding flexible planar

' material into tubular form and fusing it along overlapping

35 edge portions 13 ‘and 15 to provide a seam 12. The end
' portion 1is then fused at 14, as by heat and pressure, and

the envelope 1s then filled with oxygen-absorbing material
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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 1s generally described in U.S.
Patent No. 4,992,410. However, it will be appreciated that
other suitable envelope constructions may be used, and a
preferred construction 1s described at an appropriate point
hereafter.

The particulate annealed electrolytically reduced
iron which is used in the oxygen-absorbing composition 16
can be of a size of between about 100 mesh and 325 mesh and
more preferably between abnout' 100 mesh and 200 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).

Another component o0of the oxygen-absorbing
composition 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 .4% to 3.5% and
preferably between about 2% and 2.5%. The salt should be
present in an amount so that it 1is sufficiently concen-
trated 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
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than .4% by weight, and thus there will be oxygen absorp-
tion at a good rate, but the system will be inefficilent.
Therefore, it will be appreciated that the only require-
ment, if efficiency is not a factor to be considered, 1s
that the particulate annealed electrolytically reduced 1iron
and the salt should be present in sufficiently relative
proportions to absorb oxygen at a desired rate.

Other equivalent salts may be substituted for
the sodium choride, and these include, without limitation,
calcium chloride, potassium chloride, magnesium sulfate,

magnesium chloride, barium chloride, potassium nitrate,

potassium phosphate, potassium  hypophosphate, sodium
carbonate and potassium carbonate. However, sodium

chloride, potassium iodide, potassium bromide, calcium

chloride and magnesium chloride are preferred.

' - The COmp'ositiOn of particulate annealed
electrolytically reduced iron and salt provides effective
oxygen"absorption in atmospheres or containers whereiln

there is sufficient moisture to combine with the salt to

produce an electrolyte. However, in environments wherein

' the amount of - moisture is relatively low, a water-

attractzng and supplyxng component can be added to the
partlculate annealed felectrolytlcally redueed 1ron and
salt.- The water attractlng and supplylng component can be
a s:.llca gel whlch ‘has a water- attracting and supplying
capac1ty The silica gel may be present by weight 1n 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%. '

When the vater—-attracting and supplying
component 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

4. meteiils vaub ol
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supplying components may be used and these include without
limitation diatomaceous earth, perlite, zeolite, acrivated
carbon, sand, salt, activated clay, molecular sieve,
cellulose, acrylic polymers or other natural and synthetic
polymers. -" 1

The improved oxygen absorber 1is packacjed in a
moisture and oxygen permeable envelope which will permit
oxygen and m01sture to pass therethrough to combine with
the particulate annealed electrolytically reduced iron and
the salt, 1f used. Envelopes have been satisfactorily
fabricated from a material which is known under the

trademark of TYVEK which is a spun-bonded polyolefin and 1is

a product of DuPont de Nemours, E.I., and Company. The

spun-bonded polyolefin will pass water vapor ‘and oxygen,
but will not pass liquid water. Therefore, such envelopes

are extremely ‘satisfactory for use in containers which may
have llquld water therein. The envelope containing the

' 'oxygen-absorblng comp031t10n comprlses a packet which 1s

placed in various types of containers including the type

wherein meat is placed on a plastic tray and wrapped with

sh'rink-wrap or other 'plast.ic ‘'which causes the container to
be hermetlcally sealed. However,' the packets can also be

' placed in cans or jars ‘which are sealed.

- The preferred material from which an envelope 25

is fabrlcated is shown in FIG. 5 and an envelope fabricated
therefrom is shown in FIG. 4. ' The material is a laminate
27 conSLStlng of an 1nner layer 17 of EVA (ethylene vinyl

acetate) 30 microns thick; a layer of water and grease

resistant paper 19 hav1ng a welght of 50 grams per sguare

meter; a layer 22 of low den_s:.ty polyethylene 15 microns

thick; and an outer layer 21 of microperforated polyester
film 12 microns thick. It will be appreciated that the
‘foregoing dimensions may vary. | Layer 19 of water and

grease resistant paper limits migration of material 1into

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 1l1l. Layer 22 of low density
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polyethylene is a seal layer to seal layers 19 and 21 to

each other. Inner layet 17 is sealed to paper layer 19.

The perforated polyester outer layer 21 1is the material

which contacts food or other substances 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 envelope 25 which is fabricated from

laminate 27 is shown 1in FIGS. 4, 6 and 7. The envelope 25

10 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 composition 16 is placed within envelope 25 prior

to sealing the last of seams 30, 31 or 32. The TYVEK

15 material discussed above relative to FIGS. 1-3 can also be

fabricated into an envelope, such as shown in FIGS. 4, 6

and 7. The envelope may also be fabricated from any other

 suitable material including but not limited to oil and

water impermeable paper, coated paper, or plastic film such

20 as polyethylene, - polypropylene, EVA or polyethylene-

terephthalate, surlyn, or laminates thereof which may or

- may not Dbe miCroper’forated, which is vapor and gas

T "'pei:'meable so that ox'ygen. will pass therethrough but liquid
'*“fweiei will not. '

25 ~ The oxygen absOtber’ . 'compos ition utilizing

| _jan;q,ealr,ed '-e-lectrolytic:ally reduced iron can be made 1nto a

) "1aBe“1".“u.t‘iliZing any of the for,ego'ing envelope materials

which can be  adhesively Secured to the inside of a wrapper

S . or 'a container.  The oxygen absorber will thus abserb

30 - oxygen from any air which is trapped within the package or

_é'entainer after it has been hermetically sealed, and it

-:-‘_'-,;-"f"’-@;'-"i-l.l{ also attract oxygen which may originally exist within
'~ -~ EHe product itself which is within the package.
The oxygen absorber is intended to be used with

35 e'll types of food products which may be deleteriously
affected by the presence of oxygen or any other type of

product which is packaged and which must be protected from

- Apd e
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the deleterious affect of oxygen. These products include,
without limitation, foods such as pasta, meat, fish or
anything else which will be affected in taste or quality by
the presence of oxygen.

5 As noted above, the improved oxygen absorber
which includes particulate annealed electrolytically
reduced iron 1is 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

10 also beneficial as low as 28° F., and it is believed to be

'  benef1c1a1 at temperatures'below 28° F. Stated more

_broadly, the 1mproved oxygen absorber is intended for use

espeo1ally at any refrlgerated temperature which 1is below

the normal ambient temperature. As noted above, the oxygen

15 absorber. containing he7'partiCulateannealed electro-

 lytically reduced iron is also more effective at ambient

'1temperatures than such 3  product which has not been

annealed or other types of particulate iron which have
- heretofore been used for oxygen absorptlon. '

20 Varlous C0m9051t10n8 have been formulated

' wuti11z1ng partlculate annealed.‘electrolytically_ reduced

" ,lron as follows.' ' : : '

R R . EXAMPLE 1

AT | . . A com9051tlon was prepared by mixing .5 grams:of_

25 :200 mesh annealed electrolytlcally reduced 1iron Wlth e D

,'grams of 100 mesh annealed electrolytlcally reduced iron.

. ‘_"'Both types of 1ron were prev1ously blended with 2% by

‘ welght of sodlum chlor 1de havrng a partlcle size of about

e 325 ' mesh. The foregolng composition was sealed in a TYVEK

30 envelope which was placed in a 1000 cc sealed glass jar

' "'contalnlng atmospherlc air havrng about 20.6% oxygen. The

'Jar also contarned a plece " of blotter paper containing

' about one gram of water to provide moisture. The jar was

- placed in a refrigerator havz.ng a temperature of 39° F.

35 with the foregoing blend, 59 cc of oxygen were absorbed in

24 hours, and 156 cc of oxygen were absorbed in 48 hours.
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EXAMPLE 2

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
5 oxygen, or 1559 cc of oxygen. A piece of blotter paper
containing four grams of water was also placed 1in the
container. The container was sealed and placed in a 39° F.
- refrigerator. The theoretical capacity of the formulation
containing one gram of 1iron 1s 295 cc of oxygen. - At
10 refrigerated conditions of 39° F., the above formulation
-~ absorbed 20% of its' theoretical capaci'ty' of 295 cc of
oxygen, Or 59 cc, in 24 hcurs and a total of 53%, or 156

cc, theoretical capacity of;295'cc in 48 hours.

' EXAMPLE 3

15 . A mixture was provided in a TYVEK packet
containing .5 grams of 200 mesh ‘annealed electrolytically
reduced iron, . .5 grams ~ of 100 mesh annealed
.electrolytlcally reduced iron, and-.B grams hydrated siliCa
S ".gel | contalnlng 21% moisture.  The composition also
- 20 conta1ned 1. 5% by welght of sodlum chloride having a mesh
o size of 325 The hydrat_ed silica gel had a mesh size of
r.,between 30 and 200. The above formulation was placed in a
i fTYVEK enve10pe, and themsealed ehvelope.was inserted into a
AR 1000 cc glass Jar containing ' atmosPheric ‘air containing
25 about 206 cc of oxygen which was then sealed and placed in

.....
- * '-

”'a refrlgerator havzng a temperature of 39° F.  The

S fore901ng formulatlon .abSOrbed 358 of its theoretical
“capac:Lty of 295 cc of oiygen in 24 "ih'ours, and it absorbed

S | 58% of 1ts theoretical capac1ty of 295 cc of oxygen in 48
30 hours. - Thus, 1t absorbed 103 cc of oxygen in 24 hours and
171 cc 1in 48 hours. It can thus be seen that Example 3

' -;;wluch- -contains the hydrated silica gel 1is much faster
'u'actlng in the first 24 hours than the composition of
"Example 1 which contains the same amounts of 100 mesh and

35 200 mesh iron but does not contain the silica gel.
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Comparisons were made of the oxygen--absorbing
characteristics of 1like compositions of both annealed
electrolytically reduced iron and non-—annealed electro-

lytically reduced iron, and it was found that the former

5 absorbed oxygen at a much faster rate. More specifically,
two compositions were made. Composition A contained .85
grams of 200 mesh annealed electrolytlcally reduced 1r:on
and 1.36 grams of silica gel contalnlng 23% water and 1.5%
sodium chloride. Comp051t10n B had the same ingredients,

10 except that the iron was electrolytically reduced, but not
annealed. Each composition, after blending, was placed 1in

a TYVEK envelope and each was then placed in a separate
air-tight glass container having‘ about 500 cc of atmos-
pheric air which included about 100 cc of oxygeh. The

15 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:

20 . ElapSed time _ CONpOSltlon A Comp051t10n B
' in hours - ‘ (Ahnealed) (Non-annealed)
o m L
25 - 100 60
28 - - 71

- 25 42 - 100

It was also found that the reaction temperatures
utilizing annealed electrolytically reduced iron at ambient
temperatures was much faster than the use of electrolyti-
cally reduced iron which was not annealed.
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B Tests were made of the rate of oxygen absorption

of a mixture contalining annealed electrolytically reduced
iron at room temperature of about 72° F. A mixture
containing .85 grams of A-220 annealed electrolytically

95 reduced iron of 200 mesh with 1.36 grams of silica gel
containing 26% water and 1.5% sodium chloride was placed 1n

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.

10 The 3jar 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

15 absorbed., = Tests were also made under substantially
identical conditions with the only change being the use of
noh-annealed reduced 1iron. As a result of such tests, 1t

was found nthat after 2 hours 7 cc of oxygen was absorbed,
after 4 hours 10 c¢cc was absorbed, after 7 hours 29 cc was

20 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 OXYGEN ABSORPTION RATES IN CC

iy ol i R it e il e il et i e P —— | et ————— et dRerlieieteille el e

Composition ‘ | Time in Hours
25 T £
A 19 73 100 -
B ‘ 7 10 - 29

~———

. — ———

. h— e
_y PR e a— Eand

——

whére A 'is annealed electrolytically reduced iron and B is

non—-annealed electrolytically reduced 1iron.
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Generally the finer the particulaté iron which
is used, the speedier will be the oxygen absorption. Thus,
325 mesh iron and above is preferred from a theoretical
viewpoint. However, the fineness may be limited by the use

5 of the machinery which is utilized to fabricate the packets
or labels discussed above.

While preferred embodiments of the present
invention have been disclosed, it will be appreciated that
the present invention is not limited thereto but may be

10 otherwise embodied within the scope of the following

4
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CLAIMS

l. An oxygen-absorhing composition comprising 1in
relatively sufficient proportions particulate annealed
electrolytically reduced iron, and salt for combining with
water to produce an electrolyte which combines with said
iron to cause it to absorb oxygen.

2. An oxygen-absorbing composition as set forth in
claim 1 wherein said particulate annealed electrolytically
reduced iron is present by weight in an amount of up to
about 99.6% of the total weight of the composition.

3. An oxygen-absorbing composition as set forth in
claim 2 wherein said particulate annealed electrolytically
reduced iron is present by weight in an amount of at least
about 96.5% of the total weight of the composition.

4. | An oxygen-absorbing composition as set forth in
claim 1 wherein said particulate annealed electrolytically
reduced iron is of a gsize of between about 100 mesh and 325

- mesh.

5. An oxygen-absorbing composition as set forth in
claim 4 wherein said particulate annealed electrolytically
reduced iron is present by weight in an amount of up to
about 99.68% of the total weight of the composition.

6. An oxygen-absorbing composition as set forth in
claim 4 wherein said particulate annealed electrolytically
reduced iron is a mixture having a size of between about
100 mesh and 200 mesh. -

7. An oxygen-absorbing composition as set forth in
claim 4 wherein said particulate annealed eledtrolytically
reduced iron is of a size of about 100 mesh.
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8. An oxygen—-absorbing composition as set forth in
claim 1 1including a wafer-attracting and supplying
component for attracting water and supplying said water to
‘said salt means to produce said electrolyte.

9. An oxygen—absorbing composition as set forth in
claim 8 wherein said water-attracting and supplying
component is present by weight in an amount of up to about
808 of the total weight of the composition.

10. An oxygen-absorbing composition as set forth in
claim 9 wherein said water-attracting and supplying
component is present in an amount by weight of between
about 40% and 50% of the total weight of the composition.

11. An oxygen-absorbing composition as set forth in“

claim 8 wherein said particulate annealed electrolytically
reduced iron is present by weight in an amount up to about
99.6% of the total weight of the composition, and wherein

said water-attracting and supplying component is present in
an amount of up to about 80% of the total weight of the

composition.

12, An oxygen-absorbing composition as set forth in
claim 8 wherein said annealed electrolytically reduced iron
is present by weight in an amount of up to about 99.6% of
the tgeal weight of the composition, and wherein said

water-attracting and supplying component is present by
weight in an amount of at least about 40% of the total

weight of the composition.

13. A method of absorbing oxygen from a product in a
container which is subjected to tempe.;aturec..-_below about .
50° F. comprising the steps of placing said product into a
container which is, to be subjected to-temperatures below —
50° F., adding an oxygen permeable envelope containing
particulate annealed electrolytically reduced iron and a

~ salt to said container, and sealing said container.
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14. A method as set forth in claim 13 wherein said
annealed electrolytically reduced iron is present in an
amount of up to about 99.6%,

15. A method as set forth in claim 14 including the
step of adding a water-attracting and supplying component
to said envelope.

16. A method as se't forth in claim 15 wherein said
water—-attracting and supplying component 1is present by
weight in an amount of up to about 80%.

17. A method as set forth in claim 16 wherein said
water-attracting and supplying component is present by
weight in an amount of between about 40% and 50%.

iy
P
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L

18. An oxygen-—-absorbing composition comprising by
weight particulate annealed electrolytically reduced iron

- in an amount up to 99.6%, a salt for combining with water
to produce an electrolyte in an amount up to about 3.5%,
and a water-attracting and supplying component for
attracting and supplying water to said salt in an amount of
up to about 80%.

19. An oxygen—absorbing composition as set forth in
claim 18 wherein said iron is of a size of between about
100 and 325 mesh, and wherein said water-attracting and

————- L

supplying component is of a size of between about 30 mesh

and 325 mesh.
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