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This invention relates to oxygen-evolving de-
vices, and more particularly to the so-called
oxygen candles. ‘

A source of oxygen for respiration is required
for various purposes such, for example, as in high
altitude aircraft, in submarines, for breathing
apparatus for use in irrespirable atmospheres, in
mountain climbing, and for related purposes.
Cylinders containing oxygen under pressure are
in general unsuited to such purposes, either be-
cause the cylinders are objectionably heavy and
bulky or because if they are small enough to be
carried comfortably and without fatigue, they do
not supply oxygen for a desirably long period of
time. Also, because of the very high pressure of
oxygen in a cylinder, a pressure regulating de-
vice is necessary which adds to the weight and
complicates the use of the cylinder.

So-called oxygen candles have been developed
to give a higher ratio of oxygen supply per unit
weight of equipinent than is to be had with ¢cylin-
der oxygen, whereby to avoid the aforementioned
disadvantageous nature of the latter type of
equipment. Such candles make use of the fact
that chlorates, such as sodium chlorate (NaClO3)
and potassium chlorate (KClO3), decompose
exothermically with evolution of oxygen, for ex-
“ample as follows:

2NaClO3—>302-4-2NaCl4 33,000 cal.

Although this reaction is exothermic, a com-~
mon practice is to compound the oxygen-evolv-
ing chlorate with a material, such as iron pow-
der, that undergoes oxidation with liberation of
heat, together with other agents for special pur-
poses, for example, a substance to fix any. ele-
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mental chlorine that may be formed, and a cata-

lytic material.
are densely consolidated, most suitably by cast-
ing a melt of the chlorate carrying such addition
to form bodies of desired shape and size. A typi-
cal composition is, by weight, 80 per cent of
sodium chlorate, 10 per cent of iron powder (re-
duced), 6 per cent of powdered glass as a catalyst,
and 4 per cent of barium peroxide (BaO2) to fix
chlorine, if any is formed.

These candles are disposed in closed metallic
canisters provided with an oxygen outlet and
with means for ignhiting the composition when
the candle is to be put in use. Extended experi-
ence has shown that the heat developed during
the burning of such candles as constructed here-
tofore is so great as to be objectionable, and even
dangerous. Thus, in some instances the walls of
the canister may actually become red hot with

Commonly these compositions
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the possibility of injury to a person carrying such
a candle, or of ignition of flammable materials.
Heretofore this situation has necessitated the use
of insulating materials exteriorly of the canister,
which is obviously disadvantageous in that the
bulk and weight of the candies are thereby in-
creased. Also, such insulation results in acceler-
ated decomposition of the candle composition,
which is objectionable because, in general, it is
desired that devices of this type supply oxygen for
extended periods of time.

An object of the present invention is to provide
oxygen candles of the general type just referred
to and in the use of which the canister reaches
much lower temperatures than was the case with
those known prior to this invention, and to do so
simply, inexpensively, efficiently, and without
material modification of existing structural de-
tails.

Another object is to provide such candles
which also have longer operating life than here-
tofore with a given charge of oxygen-evolving
composition.

Other objects will appear from the following
specification. _

The invention will be described with reference
to the accompanying drawings in which Fig. 1 is
a’ longitudinal section through. a chlorate candle
constructed in accordance with the preferred
embodiment of the invention, some parts being

‘shown schematically; and Fig. 2 graphs compar-

ing canister wall temperatures and volume of
oxygen evolved a sodium chlorate candle con-
structed in accordance with prior commercial
practice with a candle of the same composition
but additionally embodying the present inven-
tion. :

We have discovered, and it is upon this that
the present invention is predicated, that the ob-
jects of the invention are attained by surround-
ing at least the body of the oxygen-evolving com-
position with a substance that undergoes an
endothermic effect under the influence of the
heat liberated by the reaction, or burning, of the
oxygen-evolving composition. In other words, in

-accordance with the invention we dispose be-

tween the candle composition and the wall of its
enclosing canister, longitudinally of the candle
length, a substance that undergoes change with
absorption of heat during progressive burning of
the candle composition. Although a number of
substances may be used for this purpose, we pre-
fer compounds which under the influence of the
heat liberated by combustion of the candle un-
dergo endothermic composition, and most suit-
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ably those that evolve oxygen in doing so. Per-
chlorates, especially those of the alkali metals,
serve admirably the preferred embodiment of
the invention, and for most purposes we use
potassium perchlorate (KCIO4).

It is conventional in candles of this type to
surround the candle with one or more layers of
an inert and heat resistant filtering material for
the purpose of separating from the oxygen with-
drawn from the canister the particles of sodium
chloride that would otherwise appear as a chlo-
ride smoke in the oxygen withdrawn from the
canister. Glass wool is commonly used for this
purpose.

In the preferred embodiment of the invention
we disposed a layer of potassium perchlorate, or
other substance that undergoes the necessary
endothermic effect during burning reaction, or
combustion, of the candle, between the candle
itself and the glass wool, or equivalent filtering
agent, although other modes of surrounding the
candle with the perchlorate are, of course, possi-
ble, as by placing it between the canister wall and
one or more layers of filter agent disposed around
the candle composition, or by disposing the per-
chlorate between layers of the glass wool or
equivalent filter material.

‘Having reference now to Fig. 1, in the em-
bodiment shown the canister comprises a tubular
member, most suitably formed from sheet copper
or brass, in the form of a cylinder | having a top
closure 2 and a bottom closure 3 connected to pro-
vide gas tight joints. Bottom 3 preferably is in
the form of a cup with the upper end of its side
wall turned-outwardly to provide a flange 3a for
supporting the canister coaxially within and
spaced from the wall of an enclosing envelope 4.
Most suitably envelope 4 is formed of one of the
well known laminated fabric-synthetic resin ma-
terials, and it is provided with perforations 5 for
radiation of heat.

Disposed within the canister and spaced annu-
larly from its wall { and from its top 2 and bottom
3 is the oxygen evolving composition, or candle,
6. In the embodiment shown it rests upon a layer
1 of catalyst, such as the well known Hopcalite,
adapted to oxidize to carbon dioxide (COz) any
carbon monoxide (CO). that may result from
combustion of candle 6. This in turn rests on a
copper wire screen 8 spaced from a similar
screen 8a mounted above bottom member 3.

In accordance with the invention candle § is
surrounded laterally by a layer 8 of potassium
perchlorate or other substance that undergoes an
endothermic effect when the candle burns, In-
terposed between the potassium perchlorate 9 and
canister wall 1| is a body 10 of glass wool or equiv-
alent filter agent, in the form of one or more
layers. One or more layers of glass wool are
preferably disposed over the top of candle 6 and
between screens 8 and 8a, as indicated at 11 and
11a, respectively. The glass wool acts, as noted
above, to filter potassium chloride fume from the
evolved oxygen.

Combustion of candle § is initiated by an igni-
tion composition 12 that is fired by a primer 13
through mechanism indicated generally at (4.

The details of construction of the firing means
14—13—I2 as well as the precise make-up of
candle composition 6, which preferably is cast
to shape and size, are known and constifute no
part of the present invention and therefore they
require no further detailed illustration or de-
seription. However, composition § may, by way
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4

of example, be in accordance with the typical
composition cited above.

The amount of potassium perchlorate, or other
substance 9, that reacts endothermically under
the heat evolved by combustion of candle 6, or in
other words, the width (horizontally of Fig. 1)
of the layer §, will depend upon various factors,
including the exact composition of candle 6 and
the amount of heat liberated by it per unit of
time, the desired maximum temperature that the
canister wall is to attain, and the particular
endothermic substance that constitutes layer 6.
Consequently, it is not possible to state numerical
values that are applicable to all situations. Char-
acteristic data indicative of this factor are, how-
ever, available from the example given herein-
after.

In the use of a candle in accordance with this
invention the reaction, or combustion, of the
oxygen-evolving composition 6 is initiated
through the action of firing mechanism {4. When
composition 6 burns oxygen is released and flows
laterally through the filter layer {8 (and perhaps
to some extent through layer | () which removes
any KC1 fume, and thence toward the bottom of
the canister where it meets the layer T of CO
catalyst. The purified oxygen is withdrawn
through a tube 15 that extends through wall |
of the canister into the space between screen 8a
and bottom closure 3. At its upper end tube 15
is provided with means i6 for receiving the tube
to a face mask. Means I8 is provided, in known
manner, with rupturable sealing means 17 that
protects candle 6 from atmospheric action until
the device is placed in use.

As the compoesifion 8 burns progressively of its
length with liberation of oxygen that is with-
drawn through tube .15, and with liberation of
heat (combustion of Fe, decomposition of chlo~
rate), the heat will tend in large part to flow to-
ward the wall | of the canister, with some por-
tion withdrawn by heating of the evolved oxygen.
In the past it has been not uncommon for the
canister wall to reach temperatures of the order
of 250° C., and even to become red hot. How-
ever, in a canister in accordance with this inven-
tion as the heat travels through the layer 8, i. e.,
potassium perchlorate in the preferred embodi-
ment, the thermal effect is great enough to cause
decomposition of the perchlorate, which absorbs
heat to an extent such that the canister wall does
not reach so high a temperature as in the case
of candles not surrounded by material productive
of an endothermic effect. Furthermore, the de-
composition of the perchlorate that constitutes
the preferred embodiment releases oxygen which
thus tends to offset the oxygen loss due to com-
bustion of iron or similar oxidizable agent that
may be included in the candle composition.
Moreover, the endothermic effect likewise causes
the oxygen evolved to be cooler than is the case
with conventional candles of this type, which is
advantageous where the oxygen is for breathing.

To show the benefits flowing from the invention
reference will now be made to comparative tests
of candles identical except that one was provided
with KClOs as described above. The candle 6
according to the invention was 119%;4 inches diame-
ter and 3.5 inches long and was cast from the
specific composition cited above. It was mounted
in a 0.010 inch thick copper canister 1.75 inches
in diameter and 4% inches long. Glass wool
layers 10 was % inch thick, of 3 grams weight,
and the KCIO; layer 9 was 9%: inch wide and
weighed 40 grams. Layer 7 consisted of 6 grams of
“Hopcalite,” Temperatures were measured by a
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thermocouple in contact with canister wall | three
inches below the top of the canister. That candle
was compared with a candle identical in all re-
spects except that it lacked the layer 9 of KClO4.

The comparative data of the two candles are
shown in Fig, 2. These data show clearly the
great effectiveness of the present invention in
reducing the temperature of the canister wall.
As a result of this invention, the evolution of
oxygen occurs at a more uniform rate and over
a greater period of time, as shown also by Fig. 2.
This is due to the fact that by reduction of tem-
perature through the present invention combus-
tion of the eandle is retarded and is more uniform.

Although the invention has been described with
particular reference to oxygen candles to supply
oxygen for breathing purposes, by connecting the
element {6 to a face mask, it will be understood
that these candles are applicable also to other
purposes. Likewise, mixtures of two or more sub-
stances that develop the endothermic effect that
characterizes the invention may be used. ILike-
wise other canister constructions than that shown
may be used, the essence of the invention residing
in surrounding the candle composition with
KC104 or equivalent endothermic agent. It may
be added that the desired reduction of tempera-
ture is not attained if the endothermic substance
is incorporated in the candle composition.

According to the provisions of the patent stat-
utes, we have explained the principle of our in-
vention and have illustrated and described what
we now consider to represent its best embodiment.
However, we desire to have it understood fhat,
within the scope of the appended claims, the in-
vention may be practiced otherwise than as
specifically illustrated and described.

We claim:

1. An oxygen generator comprising an elongate

canister closed at its ends and provided at one :

end with an oxygen outlet, a consolidated body of
a combustible composition which upon ignition
undergoes exothermic reaction with evolution of
oxygen disposed in said canister, means associ-
ated with said canister for igniting said compo-
sion, and a layer of substance that is decomposed
endothermically with evolution of oxygen under
the heat of reaction of said composition surround-
ing the exterior of said body between it and the
canister wall.

10

20

[ xed
(24

30

6

2. An oxygen generator according to claim 1,
said substance being a perchlorate.

3. An oxygen generator according to claim 1,
said substance being an alkali metal perchlorate.

4. An oxygen generator comprising an elongate
canister closed at its ends and provided at one
end with an oxygen outlet, a consolidated body of
a combustible chlorate composition disposed in
said canister, means associated with said canister
for igniting said composition, a layer of inert
filter medium disposed about the body of said
composition, and a layer of substance that is
decomposed endothermically with evolution of
oxygen under the heat of reaction of said com-
position surrounding the exterior of said layer
between it and the canister wall.

5. An oxygen generator comprising an elongate
canister closed at its ends and provided at one
end with an oxygen outlet, a consolidated body
of sodium chlorate disposed in said canister,
means associated with said canister for igniting
said composition, a layer of glass wool surround-
ing the body of said composition, a layer of sub-
stance that decomposes endothermically with
evolution of oxygen under the heat of decomposi-
tion of said chlorate surrounding the exterior of
said layer, and a second layer of glass wool dis-
posed between said substance and the canister
wall.

6. An oxygen generator according to claim 5,
said substance being a perchlorate.

7. An oxygen generator according to claim 5,
said substance being potassium perchlorate.

CAREY B. JACKSON.
ROBERT M. BOVARD.
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