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REFURY MOTICES

Tihen Government drawings, specifications, or other data are
used for any purpose other than in oonneotion with a definitely related
Governuent proourement operation, the United States Governmezat there-
by inours no responsibility nor any obligation whatsoever; and the faot
that the Government may have formulated, furnished, or in any way sup-
plied the said drewings, speocifications, or other data, is not to be re-
garded by implication or otherwise as in any manner liocensing the holder
or any other person or corporation, or conveying any rights or permis-~
sion to manufaoture, use, or sell any patented invention that may in any
way be related thereto.

The information furniched herewith is made avallable for study
upon the understanding that the Govermment's proprietary interesats in
and relaeting thereto shall not be impaired. 1t is desired that the Judge
Advooete Office, WCJ, Wright Air Development Center, Wright-Patterson Air
Foroe Base, Ohio, be promptly notified of any apparent conflict between
the Govermment's proprietary interests and those of others,
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EVALUATION OF METHOD8 OF GENERATING OXYGEN
FROM SOLID CHENICALS POR
ATRCRAFT BREATHING SYSTEMS

I. PURPOSE

The purpose of this report is to evaluate the work already done in the
field of ohemioal oxygen, and to estimate the work whish liee ahead. Compari-
sons made herein deal with the gaseous, liquid and chemical mesns of supply of
oxygen to airoraft breathing systems, The points for oconsideration are:

Weight

Volume

Performanoe

Hasards

Bandling and Storage

\nl:"yll'Ow

II. FACTUAL DATA

1., Certain chemioal compounds contain oxygen in a relatively umstable
form so that the oxygen ocan be readily liberated by hest. These oompounde

oan be stored over a period of years without depreociation of their ocapuoity
to yleld oxygen.

2. Extensive researoh has been ocaurried out by several countries in
an effort to utilize these compounds as an oxyzen supply for sairoraft breath-
ing systems. One prinociple involves "chelate ocompounds,” which absorb and
evolve oxygen acoording to the ambient conoceniration of oxygen. However, the
oxygen is supplied at such low pressures as to fall far short of airoraft re-
quirements. Another method relies upon ths reaction of exhaled gases with
allaline oxides, such as potassium tetroxide. The peroentags of oxygen in
the supply line from this method is at all times much too low for high altitude
use, as demonstrated in experiments at this Laboratory in 1948, repnrted in
Memorandum Report MCREXD -122-H. Confirmatior of these results appear in
Naval Research Report 3230-17/49 AMM.
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3., The only suoocessful attempts in such work to supply oxygen in
quantity at the required rates have utilized the "ohlorate candle." Sodium
chlorate, at temperatures abtove 300°C,, liberates oxygen. The ohlorate oandle
is a mixture of iron filings and sodiun ohlorate, with additives to purify the
oxygen, Combustion is started with an ignition cap, and some of the oxygen

produced is used to burn the iron filings. This burning supplies heat to
sustain the reaction,

L. As an example of performance, a chlerate candle of 92 cubic inohes
volume, weighing 2,18 pounds, yielded 100 liters of oxygen in 30 minutes,
These date are compared with those of other systems in Table I,

TABLE I
Style Liters of Liters of Storege & Performance = Hazsrds
Gas Per Lb. Gas Par Cu. Handling
of Equip. In, of Equip. Features
Chlorate
Candle L5 1.1 Excellent Erratio Very
High
High Pres-
sure Gas 28 1,2 Poor Good High
Low Pres-
sure Gas 2L 0.7 Pair Good Low
Liquid
Oxygen 143 L3 Poor Good Almost
None

5. At present, the demand for chlorates exceeds the supply by a con-
siderable margin. Minor difficulties have been encountered in the elimination
of impurities in the evolved gas and in prevention of clogging of the dalivery
peth, Thess problems are not serious, however, and ocan be overcome by addi-
tional research. More signifiocant problems warrant oconsideration here, as
pointed out in reports from the U.S5. Havy and the Germen Luftwaffe. Thease
center about the explosive properties of chlorates,

6. Not only did fire result from gunfire tests of these candles oon-
ducted by the U.S. Navy, but spontaneous explosions have ocourred as described
in "German Aviation iedicine in World War II," Vol I, Ch V=B, quoted as follows:
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"The cartridges had & fundamental defeot, the origin of whioch
could not be found; the cartridges were likely to explecde. Cne
person was killed, This defeot was the ouly reason that the chem-
ical oxygen generptor wes not adopted by the Luftwaffe. It was
used neither as servicing equipment nor as airoraft equipment,
dsopite its high level of development,

"The first explosion, invelving an aircraft oxygen system -
whioh will be desoribed later - ooocurred during a high altitude
flight, The seocond explosion, in an autoclave.cescecccccossicsee
caused only slight damage to the building. The I.G. Farben
Gesellschaft (manufacturer of the oartridge) olaimed, without
proof, that the autoolave had been contaminated with oil.

"The third explosion ocoocurred on the open terrain..cceceeeces
causing mild burns to the engineer in ocharge. Agyin, the-I.G.
Farben 5Sesellschaft was unable to explain the explosion. However,
it was assumed in this case tusat glowing iron partioles had ocombined
with oxygen.

"Further testing was carried in the laboratory of the I1.G. Farben
Gesellschaft., Several hundred cartridges were discharged, and all,
aoccording to the report of the ocompany, burned smoothly. After a
cartridge had been developed which was thought to be satisfaoctory,
the tests were resumed et Erprobungstell, Rechlin. After a long
series of tests, it seemed that the cartridge was satisfactory, but
one day the ertire installution exploded, severely damagiag the
laboratory building. The stone walla,..ceceeees.0..wore broken,
the ceiling was lifted several centimeters, and the laboratory
usgsistant oconducting the tests suffered severe burns from which he
died several hours later. The explosion could not bo explained
because the entire installation was cdostroyed. However, various
theorics were prosonted.eecccscescscccecas”

A flight test was described in the same chapter:

"The oartridges were ignited and the pressure inoreased very
rapidly; at 13,000 ft. the crew began to use oxygen. The cartridges
heated to +34,0°C. Everything prooceeded ncrmally until there was a
violent explosion at 20,000 ft. The aircraft was filled with thdiok
smoxe and the chemical oxygen equipment caught fire...ecceceeevecee
After the flre had been extinguished and the smoke had escaped, the
extent of the damage could be estimated roughly. A gaping hole
aoout one meter in diameter was in the port zide., The wooden
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instrument panel of the test installation was partly burned. Ths
first two ignited oxygen cartridges had exploded and their contents
had been soattered throughout the fuselage. The frames of the
leather seats were bent where parts of the casing had been thrown
against them. The third ignited cartridge had burst but was still
in its raok. The contents of the oxygen cartridges had covered all
the inside of the fuselage «nd its oontents, inoluding the flying
suits. The ohsmicals produced a very disagreeable burning on the
skin of both engineers, who were slightly injured. One had a
severe contusion of his ankle and the other had a slightly bleeding
wound at his left temple whioh smarted very much tsocause of chemi-
cals asprayed from the oartridzes...c.cec.ce0000ee...The 1,4, Farben
Gesellschaft was also unable to explain the explosion,”

7+ Gunfire tests of chlorate candies oarried out by this Laboratory
in 1945y resulted in shattering and fire.

6. The U.S. Navy reported fire oaused by gunfire tgsts of chlorate
candles in a report numbered JC10-1 (830-79/A47). 1In another report, TED MNo.
NAM AES19029, the U.S. Navy made the following statements:

"Jn the second unit, the scaling disc again failed to puncture
and again the safety blow out patch ruptured..iciececececesscee.the
oxygen evolved wns sufficiently hot to initiate spontaneous combus-
tion of the micarta bottom of the unit's insulating oase. The
flaze soon took on the appearance of a blow toroh, As the burning
continued, much of the micarta and cork case was burned and con-
siderable of trne bottom of the brass oandle oontainer also burned,”

9. In ull reports of fires and explosions, nothing more than speoula-
tion is offered as to the oause. In 1951, the Manufaoturing Chemist's
Aegociation, “ashington, D.C., publishsd a data sheet concerning chlorates,
The report states that haczards exist whon chlorates contaot such substances
a8

sulfur sugars armmonium compounds sawdust
sulfates alochols vegetable dust lint
sulfides solvente powdered metals paint
phosphorue aclds olls and greases paper

10, &n impurity need not be intimately mixed with the chlorates. A
trace of impurity anywhere in the system oar set off a ohain of explosions
including cartridges not oontaminated,
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11, The above hasards exist at room temperature. Chlorate ocandles
reach temperatures above 350¢C,, and operate at elevated pressures. These
oonditions multiply the likelihood of explosion many times.

III., CONCLUBIONS

1. Diffioulties such as clogged delivery lines and faulty starter ocaps
oan be ewmounted by further researoch, However, no amount of research oan
change the chemioal properties of a compound, The instability is within the
sodiua chlorate moleoule, as the ohlorate radical tends to rsact with almoe%
ary impurity.

2. Powmdered metals are mentioned om the list of dangerous impurities,
and the chlorate oandle requires a large quantity of iron filings, intimately
mixed with chlorates. This gives socme substantiation to the speculation on
the part of I.G. Farben that an exploeion was ocaused by reaction of oxygen
with glowing iron particles.

3. Manufaoturers would be required to insure that all operations in
preparing and assembling the oartridges be oarried out so as to preclude the
poseinility of impurities being introdused. Ko more opportune situation oan
confront the sabotewr who wishes to render aliroraft unsafe, A traoe of
sulfur ec small as to escape routine analysis is enough to constitute danger.
Even after analysis, lint and vegetable dusts may settle from the air into
the materials, In the event of an explosion, the manufaoturer ocannot dbe
singled out definitely as the responsidle party, ss any impurities may have
been obliterated. The oause of explosions must be established before adequate
preoautions oan be taken to prevent resurrence.

4. If research were to be continued and tests ocarried out on hundreds
of cartridgee without miehap, as was done by the Luftwaffe, no assuranoce oould
be presented that the next group would not explode.

Iv. REOCOMMENDATICNS

That aoctive research in this field be suspended for & perioc of approxi-

mately eight months, pending receipt of information from Europe conoerning
ochlorate candles.

PREPARED BY:

Lon T Lol

p -~ ] 't'\.
. » ol,
Chief, Aero Me¢dioal Operations
FURLICATINN RATVIVW

This report has bsen roviewnd and 1is lpprO!’d.

<7
C?‘{MCJQ, Cam. . &7 - Gn 5T
. /"7 ROBERT H. BLOUNT, Oolonel, USAP (iC)

Chief, Aeroc Medical LAboratory
Direoborate of Research
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