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This invention relates to air purifying composi-

tions and to their manufacture, and, more par-
ticularly, to a composition, and its manufacture,
which is adaptable for use at relatively low or
subnormal temperatures by being reactive at such
temperatures to purify contaminated air, as an

example, reacting with respired or exhaled air to )

render air suitable for breathing.

An important circumstance to which this in-
vention is directed is to provide a composition
which is suitable for use in a breathing appa-

ratus which is in itself self-contamed that is, it

is operative in supplying oxygen sufficient for
respiration. This is accomplished for the most
part by including a compressed supply of oxygen
as & part of the apparatus, but since it is neces-
sary to keep the extent of the apparatus at a
minimum, advantage is taken of the oxygen
available in exhaled air by providing a completely
.closed breathing circuit within the apparatus to
constrain exhsaled air to move along a defined
path and to be subjected to a composition reac-

‘tive with 'the air to remove or absorb carbon di--

oxide and thus free or purify the oxygen for re-
breathing.

For a composition to be suitable for the .type.

of breathing apparatus as considered above, the
composition must have the property of being
highly reactive with respired air in absorbing
- carbon dioxide and at substantially the instant
the exhaled air contacts the composition. Any
delay in reaction would allow the exhaled air to
pass through the composition and into that por-
tion of the breathing circuit reserved for respir-
able air and inhalation purposes. The circuit,
due to practical necessities is of a relatively small
volume, and any such initial delay in reaction
would result in the volume of the circuit being
filled with carbon dioxide, and if this delay con-
tinues for even a short duration, the carbon di-

- . oxide would build up in the circuit to the extent

that physiological hazards of serious consequence
would be created.

- The alkali mefal peroxides,.such as sodmm or
pota,ssium peroxide; have been used heretofore in
" gelf-contained breathing apparatus for reacting
with respired sir to absorb carbon dioxide and
thereby purify the unused oxygen and also to
evolve additional amounts of oxygen, but it has
. been found that these materials, although satis-

o factory at the normal atmospheric temperatures,

that is, at temperatures comparable to ordinary
room temperatures (at or about 15 degrees cen-
tigrade), are unreactive at low or subnormal tem-
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being at or below the freezing temperature of
water). They continue to be unreactive, or, at
least, insufficiently so when contacted by resp1red
air until large amounts of the air have passed
through the material to raise its temperature
sufficiently that it becomes reactive. Because of
the requirements of a composition, it is obvious
that this delay in reaction, which is ordinarily
referred to as the induction period, renders these
materials unsuitable as a purifying composition
when the apparatus is to be used at these rela-
tively low temperatures.

It has been proposed to supply heat to these
metallic peroxides from some outside source as by
incorporating in the apparatus an electrical re-

sistance unit, but one of the principal difficulties -

encountered with such an arrangement is that it
limits the use of the apparatus to locations where
an ample source of energy is available, and it

20 further complicates the apparatus and its op-

eration.

- Bince it is intended by this invention to provide
8 composition which renders self-contained
breathing apparatus adaptable for use at low

26 temperatures, a further problem is encountered
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" even if it does it is inconsequential.
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due to the condensation of moisture which occurs
at these low temperatures. Respired air at body
temperature is almost completely saturated with
moisture, and it is evident that reduction in tem-
perature of almost saturated air produces con-

densation. Under ordinary circumstances con--

densation in the apparatus does not occur and

peratures, condensation does occur and is haz-
ardous because it will freeze and render the valve
means of the circulatory breathing system and
the means controlling the admission of oxygen
from an auxiliary source inoperable and result in
failure of the apparatus. It is, therefore, im-
portant and, In fact, an indispensable property
that for a composition to render breathing appa-
ratus usable at low temperatures, it must be
adaptable in removing moisture from respired
air, and it must do so in such a manner that
mofsture is removed almost, instantly whereby
substantially all air discharged from the com-
position and into the inhalation side of the
breathing system contains a moisture content

which is not more than the amount necessary to -

. saturate the air at these low temperatures. .

peratures with respired an- (that is, temperatures 56

It is & major object of this invention to provide

a composition reactive in the prescribed manner
.at low or subnormal temperatures in removing
. carbon dioxide and moisture from respired air

At low tem- .
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and which is reactive at temperatures as low as
25 to 30 degrees centigrade below zero.

At the altitudes now reached in aviation, the
atmospheric pressure is reduced in some instances
to a pressure equal to an amount about one-half
that of normal atmospheric pressure, and this
relatively low pressure is accompanied by low
temperatures. It is a specific purpose of this
invention to provide a composition sufficiently
reactive at these extreme pressure and tempera-
ture conditions with respired air to remove car-
bon dioxide and moisture in 5 closed breathing
tircuit in order to render exhaled air suitable for
respiration and without resulting in material
amounts of condensation.

It is a more specific object of this invention to
‘provide a composition which, in addition to re-
acting with respired air to remove moisture and
carbon dioxide, evolves oxygen when reacting with
respired air and thereby reduces to some extent
the amount cf oxygen needed from an auxiliary
supply.

A composition, even though adaptable to purify
respired air at the contemplated temperatures,
must be relatively inexpensive because of the
limited reactive capacity of materials and the
alternative of using other types of apparatus. It
is an object of this invention to provide a suit-
able composition which can be made, at least for
the most part, of readily available and cheap
materials and by a method which does not re-
quire special or additional apparatus other than
as used ordinarily in the manufacture of this
general type of composition,

In breathing apparatus of the.type considered,
it is the practice to use reactive material in a
granulated state in order to provide as large a
contactable surface area of material as possible,
but on the other hand the particles of material
making up the granulated mass must be large
enough and be of sufficlent hardness so that
breathing resistance through a substantial layer
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To illustrate this principle, a quantity of a
suitable metallic peroxide normally unreactive at
the low temperatures contemplated can be treated
with a relatively small quantity of lithium hy-
droxide to render the peroxide reactive at low
temperatures. and thus enlarge its scope of use
in purifying air for respiration.
. In preparing a composition of these materials
for breathing apparatus purposes, sodium. perox-
ide is preferred as the metallic peroxide because
of its cheapness and relatively light weight, al-
though potassium peroxide, aside from these ad-
vantages, can just as well be used. Lithium
hydroxide is selected as the initiating compound
because of its commercial availability and also
because of its reaction at low temperatures with
carbon dioxide to form a carbonate, and since
purification of respired air requires absorption
of carbon dioxide, this reactive property aug-
ments the purification capacity of the composi-
tion. The compound itself is not suitable alone
as a composition because its moisture absorption
capacity is negligible, and furthermore, the com-

" pound is relatively expensive. However, it is a
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of the material is less than the maximum allowed .

for such purpose. Also, the material must be
of a character which does not change materially
in physical state by reaction with air in order
that the limited breathing resistance through the
layer is maintained during the useful life of the
composition. It is among the objects of this
invention to provide a composition of this char-
acter and which is reactive in the manner as
heretofore described with respired air and at the
low temperatures contemplated.

Still another feature of this invention Is to
provide a composition which, when placed in a
layer of substantial thickness, is reactive sub-
stantially progressively throughout the entire

layer of the material as the material becomes’

used. The advantage of this condition is that
in the event respiration should be discontinued
before the material is completely used, the re-
maining unused composition is reactive satisfac-
torily at low temperatures by a later resumption
of respiration through the layer. )

Other objects and advantages of this invention
will become apparent from the following descrip~
tion of a method of manufacture of & composi-
tion adaptable for use in a breathing apparatus
to be disposed in and used in an atmosphere at
8 relatively low temperature since it is recognized
that advantage may be taken of the principle of
my invention.in treating a material in a similar
fashion to lower its reactive temperatures in re-
moving an undesirable constituent from contami-
nated afr.
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feature of this invention to provide a method of
treatment of the metal peroxide to supply a com-
position containing a substantial proportion of
the metal peroxide and reactive at temperatures
far below those at which the peroxide is normally
reactive. For example, one proportion used and

_found to be satisfactory was the use of nine

pounds of lithium hydroxide to forty pounds of -
sodium peroxide and the resulting composition
was reactive at temperatures below zero degree
centigrade. With this as the composition, the
lithium hydroxide reacts with the air to absorb
carbon dioxide and to evolve heat, and it has been
found that with such a proportion of constituents,
the heat evolved by the reaction is sufficient to
initiate reaction of the peroxide at these low tem--
peratures provided the lithilum hydroxide is prop-
erly disposed in relation to the peroxide.

To provide an operative disposition of the con-
stituents, the amounts of each are pulverized or
granulated sufficiently so that the individual par-
ticles making up the mass of each are relatively
minute and can be intimately mixed with the
other. The granulated mass of lithium hydrox-
ide is then added to the sodium peroxide and
the total mass is then mixed thoroughly.

In order to provide more complete and uniform
mixing and further pulverization of the particles,
a putty chaser or muller can be used until a
rather filnely divided and uniform mass is pro-
duced. Then the mixture is compressed, and
since the particles are relatively soft, they lend
themselves to compression, and the mass can be
consolidated to such an extent that they are
placed in intimate contact with each other. It
is to be remembered that the disposition of the
constituents relative to each other renders the
mass more instantly reactive because of the fact
that the heat evolved by the reaction of the

lithium hydroxide is rendered more effective by

intimate contact in initiating the reaction of the
peroxide. -

Some moisture is added to the mixture in this
preferred method and for purposes to be herein-
after explained. Due to the fact that it is not
feasible to add moisture directly to the mixture,
since to do so would result in premature reaction
of the peroxide, it is added in the form of water
of crystallization or hydration. This may be done
by using one of the constituents in & hydrated
form, but it is difficult to use a hydrated peroxide
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a8 & means of supplying moisture at room tem-

peratures as it i8 unstable in that the peroxide .

reacts with the moisture to form a hydroxide. .It

has-been found that sufficient moisture is pro- -

vided in the mixture by using lithium hydroxide
in the monohydrate form, this being a commer-

clally available product, when used in the pro--

portion -of nine pounds of lithium hydroxide
monohydrate to forty pounds of sodium peroxide.

A separate or additional hydrated compound
may be used in supplying the necessary moisture
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such as by the addition of a quantity of hydrated )

sodium sulfate. Sodium sulfate does not inter-
fere or react with the other constituents nor does
it interfere with their reaction with respired air
and when included in the mixture and subjected

to heat for the purpose of dehydration, the sul-

fate remains stable. Likewise, any other hydrated
compound may be used which remains stable or
does not interfere with the reactive constituents
when subjected to heat necessary for dehydration
and which does not unnecessarily interfere with
their reaction in purifying respired air.
- After the mixture has been sufficiently com-
.pressed and an adequate amount of water has
been included, heat is then added to the mixture
and in a Sufficient amount so thet the hydrated
compound is dehydrated, or at least substantially
s0, and sodium hydroxide is formed and oxygen
evolved. Generally; the heat is continued until

6
protect the mixture as by wetting with carbom
tetrachloride, but this step is not necessary if the
composition is manufactured in a comparatively
dry atmosphere and at relatively low tempera-
tures.’

The proportion.. of Hthium hydroxide to the
other constituent which forms the bulk of the
composition to be used will depend upon the re-.
active property desired of the final composition.

‘However, sufficient lithium hydroxide should be

supplied so that s very limited amount is bound .
to small portions of the metal peroxide. It is

* understood-that this invention when directed to
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providing an air purifylng composition is not to

be limited to any specific proportions of constitu-
ents because in any event the proportion used
will depend upon the temperatures at which the
composition is to be reacfive and also the instan~
taneousness of the reaction desired when con-
tacted by the contaminated air. .
For -the purpose 'of illustration, other propor-
tions of sodium peroxide and lithium peroxide
which have been found suitable in making a

. breathing apparatus composition which is reac-
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the reaction occurring in the mixture occurs

throughout the entire mass and until a hard and
porous mass results from the reaction. Obvious-
ly, the reaction should be kept at & minimum in
" order to conserve as much &s possible the oxygen
evolving capacity of the composition. At rocom
temperatures, ‘it may be necessary only to start
the reacticn since the heat evolved by the re-
action will cause reaction to progress through the
entire mass. However, for manufacturing it may
be desirable to add heat during the entire neaction
in order to conserve time and cost of production.

It has been discovered that this reaction of the
peroxide with moisture in preparing the compo-
sition serves an important function of forming &
. uniform and intimate association throughout the
mass of the lithium hydroxide with the remain-
ing unreactive peroxide. This disposition is in
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such a manner that the final composition, al-

though containing a large percentage of the per-
oxide, is reactive at temperatures much lower than
its normal reactive temperstures. As s matter of
explanation, it is thought that the effect of the
reaction of sodium peroxide and moisture, form-
ing sodium hydroxzide and in liberating oxygen, is
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that the sodium hydroxide formed eﬂectively,

binds the previously distributed lithium hydroxide
to the small particles of sodium peroxide in the

mizxture, The evolution of oxygen also assists to

some degree-in providing this intimate associs-
tion and it forms also & porous resuliing compo-
sition. .

After the reaction ‘is compieted and the mass
becomes hard and cool, it may be granulatedq de-
rending upon its sibsequent use. If the compo-
sition is to be used for individual breathing ap-
paratus, it is granulateq sufficiently to provide
adequate reaction while remaining within the
limits of breathing resistance allowed. The mi-
‘nute particles formed by granulation have sufii-
cient hardness to maintain thelr structure during
storage and when disposed and used 1n substan-

“tial layers,
If the composition is to be made under ordinary

at.r_nospherlc conditions, it may be necessax?r to
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tive at temperatures as low as thirty degrees be-
low zero degree centigrade are the following:

Pounds

A. NaaOz _..__.. ST S 40
LIOHH:0 . oot —— 8
Copper oxychloride-_-+-. _______________ 0.5

B. NaoO3 ool 30

LOH.HaO ol Ll . 4

- LHOH (Qr¥) ccem oo 2
 Slaked Mme.________ e —— e m——— 0.5
Copper oxideé o __ e 0.4

C. NagOg o i e e —— 80
LIOHHI0 <o cc el 8.5
Slaked Hme_ il 1 -
MNO3 - 0.7

D, NasO o e 66
LIOHHO ..o ricaea . 83

NasSO4I0H0 i

Copper oxychloride oo ooumcimaio ____ 0.7
B Na208 w oo e 65
LIOHHO o i 9.5

Slaked HMe e e 1

MO (o e
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The inclusion of oxides or oxychlorides of cop-
per, mangenese, nickel or any other similar me-
tallic oxide or oxychloride of a metal having an
atomic weight between 50 and 65 serves as & cat-
alyst to accelerate the liberation of oxygen from
the composition. However, these catalysts are
hot indispensable to the composition for remov-
ing moisture and -absorbing carbon dioxide.
They, also, are not necessary in evolving oxygen,
but it has been found that the addition of such &
catalyst to material such as the metallic perox-
ides serves ag 8 margin of safety in the use of my
composition, and aceordingly, its use is preferred.
The catalyst should be added to the mixture be-
fore the mass is compressed. -

As previously stated, it has been found that suf--
ficlent moisture is added to the mixture to pro-
vide a suitable composition by using the mono-
hydrate of lithium hydroxide, but it is to be un-
derstood that the amount of moisture included
will depend upon the desired physical character
of the composition and the extent of intimate as-
sociation of the exothermic and highly reactive
substance at low temperatures with the normally
unreactive substance at these temperatures. It
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is the moisture that is added that reacts with

peroxide to evolve oxygen and form g hydroxide.

. which, it is.thought, binds the unreacted perox-
ide with the lithium compound and which reac-
tion forms & hard and porous mass. The pro-
portion of the principal constituents of the com-
position will.depend upon the temperature con-
_ditions at which the composition is to be reactive.
It is intended that this invention extend and in-
clude all such compositions that incorporate the
- principles as heretofore set forth.

Other compounds of lithium can be substitut-
ed for lithium hydroxide, such as any available

10

. oxide of lithium, which may be lithium perox-

ide, or any other compounds may be used which.

have the property of being intimately disposable
with g peroxide, and which are reactive when
subjected to contaminated air in producing heat

and, preferably, in supplying a breathing appa-

ratus composition to react with respired air to
absorb carbon dioxide or any other undesirable
‘constituent. ~The compound must have the
- property, if to be physically bonded to a perox-
ide, of not being being affected by the applica-
tion of heat and the consequent reaction in pre-
paring the composition, or if reactive, its resuit-
ing state is reactive with respired air to produce
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the desired exothermic reaction. In the case of -

providing respirable air, a limitation of the com-
pounds, which may be used, is that such com-
pounds must not give off'any toxic or undesir-
. able gases.in reacting with the respired air, nor
should they react in such a manner with the
normally unreactive substance to produce like
undesirable results.

~ Other methods can be used in providing ex-
change masses or compositions reactive at low
temperatures which contain a substential pro-
portion of an inexpensive and commercial ma-
terial, or a mixture of such materials, normally
unreactive at. the temperatures contemplated,
and it is intended that the invention as described
and defined be limited only by the scope of the
appended claims. Alse, while the invention has
been - described in connection with providing a
composition suitable for breathing apparatus, it is

30

35

40

45

recognized that other uses can be made of the .

composition and these other uses may require a
modification of the method used in combining the
constituents, but,  nevertheless, are within the
scope of this invention. It is intended that no
inference be drawn -from the detail of descrip-
tioni given in disclosing a composition and a pre-
ferred method of manufacture which might tend
to narrow the scope of the inventfion beyond that
as defined by the claims.

Iclaim:

- 1, In a process of making from an alksali metal
peroxide a composition for removing carbon di-
oxide from a gas containing i, the method of
rendering sald peroxide reactive at subnormal
temperatures which comprises intimetely mixing
with the peroxide an alkaline compound of lith-
jum that is reactive to carbon dioxide at lub-
normal temperatures,

2. That method of making m air purifying
composition comprising the steps of intimately
mixing a major proportion by weight of pow-
dered alkali metal peroxide with & minor pro-
portion by weight of powdered alkaline compound
of lithium that is reactive to carbon dioxide at

subnormal temperatures, supplying water to the
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through and reactive to carbon dioxide at sub-
normal temperatures.

3. That method of making an air purifying
composition comprising the steps of intimately
mixing a major proportion by weight of pow-
dered alkali metal peroxide with a minor pro-
portion by weight of powdered alkaline compound

of lithium that i1s reactive to carbon dioxide at

subnormal temperatures, supplying water to the
mixture, compressing the mixture to consolidate
it, and heating the compressed body and thereby
producing a bonded porous body comprising said
peroxide having said lithium compound distrib-
uted therethrough and reactive to carbon dioxide
at subnormal temperatures.

" 4, A method according to claim 3, said per-
oxide being sodium peroxide, and said lithium
compound being lithium hydroxide.

5. A method according to claim 3 in which said
water and said lithium compound are supplied
by lithium hydroxide menohydrate.

6. That method of removing carbon dioxide
from g gas containing it which comprises passing’
the gas into contact with an intimate mixture of
an alkali metal peroxide and an alkaline lithium
compound reactive to carbon dioxide at subnor-
mal temperatures and thereby removing carbon
dioxide from the gas, and recovering the thus
treated gas.

7. A method according to claim 6, said per-
oxide being sodium peroxide and sald Hthium
compound being lithium hydroxide.

8. A composition for removing carbon dioxide
from a gas containing it comprising a body of an
alkali metal peroxide having intimately distrib-.
uted therethrough an alkaline lithium compound -
reactive to carbon dioxide at subnormal temper-
atures, said "composition reacting promptly at
subnormal temperatures with carbon dioxide con-
tained in gas passed into contact with it.

‘9. A composition for removing carbon dioxide
from air comprising granules of an intimate ad-
mixture of a major proportion by weight of alkali
metsl peroxide and a minor proportion by weight
of lithium hydroxide bonded by hydroxide of said
alkali metal, said granules reacting promptly with
exhaled air at subnormal temperatures to remove
carbon dioxide and water and to liberate oxygen.

10. A composition according to claim 9, said
peroxide being sodium peroxide.

11, The process of preparing an air purifying
composition, the steps comprising mixing inti-
mately a comminuted alkall metal peroxide and
a comminuted hydroxide of lithium, including
water in the mixture, applying pressure to the
mixture sufficient to consgolidate the components,
applying heat to the consolidated mass sufficient
to cause a reaction to form a porous and hard
mass and granulsting the mass to the extent
suitable for respiratory purposes.

12, The process of preparing an air purifying
composition, the steps comprising pulverizing a
quantity of alkall metal peroxide, pulverizing e
quantity of hydroxide of lithium, combining the
pulverized masses to form a mixture, including
water in the mixture, applying pressure and heat
to the mixture sufficienit to form a consolidated
mass and to initiate a reaction in the mass, and
continuing the reaction until & porous hard and
uniformly reactive aggregate is formed.

13. The process of preparing a carbon dioxide

_and moisture absorbing and an oxygen liberat-

mixture and heating it and thereby producing a .

bonded porous body comprising said peroxide
having said lithium compound distributed there-
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ing composition reactive at subnormal tempera~
tures with the air to be treated, the steps com-
prising comminuting a quantity of an alkall
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metal peroxide, comminuting s quantity of hy-
drated lithium hydroxide, combining to form &
mixture of a major portion of the peroxide with
an amount of the lithium hydroxide depending
upon the temperature at which reaction is desired,
forming a compact mass, applying heat to the
mass sufficient to initiate a reaction, continuing
the reaction to form g hard porous aggregate, and
granulating and screening the aggregate to the
size suitable for respiration purposes.
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.14. As & new article of manufacture, an air
purifying composition formed of alkali peroxide,
and a heavy metal catalyst, the composition being
characterized by the addition thereto in a pre-
determined manner of lithtum hydroxide where-
by the composition is capable in an atmosphere
ab a relatively low temperature to react substan-

"tially instantly with respired air to absorb carbon

dioxide, to remove moisture and to evolve oxygen. . »
. B CAREY B. JACKSON.




