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ABSTRACT OF "THE DISCLOSURE

There are disclosed compos1t1ons of solid materials
capable of producing non-toxic gases.by. a rapid chemical
reaction upon initiation of the reaction. The solid mate-
rials co‘m‘pr‘ise’"a solid- inorganic -reducing agent and a
solid inorganic oxidizing agent mixed together in finely
dividéd' orgrantlar form" and “compacted without the
presence of .either a binder or solvent, Typical solid in-
organic réducing agents are the salts of hydrazine, hy-
droxylamine and hydrazoic acid.. Typical solid oxidizing
compounds are. the salts of nitric acid, nitrous acid,
chioric acid and perchlofic acid. The gases typically pro-
duced .are. some. .or.-all -of:nitrogen, water and oxygen,
and without the presence of toxic gases such as those
containing carbon.’ The- gases. are developed spontane-
ously within milliseconds but without explosive force.

This invention: relates-to gas generation and particu-
larly to generat1on of non-toxrc gases.

An object is to generateipases which are non-injurious
to humans or animals.
-+ Therfeare: circdmstances ‘under-which ‘it can be desir-
able to generate mén-toxic gases such as those normally

present-in-the air, for example, in space craft, submarines,.

underground miines,.-and ‘other enclosed places.  An im-
portant use. of .such: generated: gas. is in the ﬁlling of air
bags such as those used and proposed for use in vehicles.
for passengér:safety. purposes:; :

A

Gas generation and.gas generators have lono been well-

known. It has, for example, been well-known to use pro-
pellant compositions for gas generation such as for creat-
ing jets for driving aircraft and.missiles or for driving
other mechanisms, The composmons ordinarily used for
such, purposes have comprlsed an oxidizer and a binder
within which the oxidizer is dispersed, and in such com-
pogitions there has been combuistion of the binder mate-
rial, ordinarily contalmng carbonaceous matter, and this
has sgenerated toxic. or dangerous .end products such as
carbon monoxxde and carbon dioxide, as well as water
Wthh is. non—tox1c Other gas generator propellants here-
tofore. in tise have been based on nitrocellulose both as a
smgle base” propellant and-also in combination with nitro-

glycerm as a ‘donble base propellant which carries the.

oxidizér 1n an’ intra-molecular; form. The gas generation

from the mtrocellulose base substances. also. occurs .in a-

combusnon process. “Since the nitrocellulose- base propel-

lants likewise .contain carbon, there are developed the
same kmds of carbonaceous -end products toxic or dan-
gerous insofar as consututmg an“envrronment for human.

life. is ‘concerned.

viously-cahnot be used safely in an atmosphere intended

for sustaining human life. In the case of .air bags; these’
have been used. and. proposed.for. protecting .occupants:
of vehicles from injury.in the. case,of accident: “Thus, in’
the event of a vehicle collision,.a_suitable. mechanism/
sets.a’ gas.generafor into operation. to_rapidly inflate:the.

air bag which thereupon assumes.a position between .an
occupant of the wvehicle and parts of the’ vehrcle with

which he* would: "bé brought in “contaet except for the
presence “of ‘the’ inflated "air ‘bag: Such bags are required” 7
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to be inflated within a small fraction of a second and
also they are generally designed to release the gas from
the bag at a controlled rate. It would obviously be dan-
gerous to release into the interior of a vehicle or other
enclosed space, a toxic gas or a gas which would not
permit the continued presence of oxygen. The rapid reac-
tion process should be a controlled process and proceed
without explosive force. ;

In accordance with the present.invention, there are
provided compositions of solid materials without either
binder or solvent, capable of producing gases in a rapid
chemical reaction free from undesirable toxic carbona-
ceous gases.

The compositions according to the present invention
produce nitrogen, water and oxygen as typical non-toxic
gases, such as are also found in the air, and they supply
the gas spontaneously within milliseconds after initiation
of the reaction, and without explosive force. Such gases
therefore fulfill the requirement of toxic-free gases such
as can be safely used in air bags and other confined places
where human or animal life is to be sustained.

It is not always essential that every one of these non-
toxic gases be found in the product of a generator for
the non-toxic gases. For example, under some circum-
stances, the generated gas need mot have oxygen, and
this can be a safe condition under those circumstances
where the generated gas is to be injected into an atmos-
phere which already contains sufficient oxygen.

We carry out our present invention by use of a binder-
less mixture of solid inorganic oxidizer material and solid
inorganic reducing agent, capable of entering into an
exothermal chemical reaction, producmg toxic-free and
safe gases. Typical solid inorganic reducing agents use-
able for this purpose are the salts of hydrazine, hydroxyl-
amine, and hydrazoic acid. Typical solid oxidizing com-
pounds useable for the purpose are the salts of nitric
acid, nitrous acid, chloric acid and perchloric acid. One
or more of the inorganic reducing agents is mixed with
one or more of the inorganic oxidizing agents, and for
this purpose, the materials can be ground and blended
to a proper particle size which permits' compaction of
the mixture with a minimum of voids.

. The reactants are preferably pulverized to the smallest
particle size possible dried to be free of moisture and
then mixed in an inert humidity-free atmosphere. This
integrated mixture then is pressed into a mold. Suitable

" presses are a Carver press or a pill press that compress

the loose powder mixture to almost theoretical density.
The resulting compression formed product may have the
shape of a tablet, a cylinder, a cube, a cone, a hollow
cylinder, or a sphere, depending on the selected mold.
The compression usually forms a hard shaped charge that
reaches 96-99% of theoretical density.

Initiation of the chemical.reaction, of such a mixture
can be done in a conventional manner as for example with

, @ hot electric w1re, or a typical prime initiator such as
commonly used.in explosive devices, or by a hammer ball

as in a pistol or any shock similar to that commonly re-
quired for the ignition of.explosive charges. Once.the
reaction is thus initiated, -the exotherm assures the con-

. tinuation and completeness of the chemical reaction.
These" previously known gas-producmg materlals ob- i

As an example the reaction: following equation (1) of
Table I.was conducted under pressurized helium environ-
ment in a Crawford Bomb. The gas analysis after com-
pletion of the chemical-reaction produced 67 mol percent
of nitrogen; .30 mol percent of oxygen; and traces of water.

< Under the conditions of this experiment the water to be

produced in the reaction appéared in condensed form and
only the amount-of :water" vapor: required: for the satura-
tion of these gases was found in gas analysis, The residual
composition was identified to be'sodium chloride. The for-

miation’ of the:reaction -gases:followed essentially the
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equation (1) of Table I Only a minor amount of nitrous
oxide was identified as a product of a minor side reaction
probably formed during the ignition phase. Nitrous oxide
is a non-toxic gas used for medicinal purposes. The reac-
tion proceeded in a measurable form, Table III and Table
IV hereinafter prove the composition of matter does not
act as an exposure but as a mixture that produces the
gases in a chemical reaction without explosive force.

This selection of reducing agents and oxidizing agents
produces in their chemical reaction only such gases as
contain no carbon, nor any toxic gases such as NO, or
NO. The materials are mixed in proportions which form
compositions which are preferably stoichiometric, al-
though a degree of off-stoichiometric mixing can be toler-
ated without incurring toxic gases, A material present in
an off-stoichiometric amount should not be off-stoichio-
metric to an extent which changes the reaction mechanism
and no longer insures safe gases.

Typical reducing agents suitable for use are sodium
azide (NaNj), hydroxylamine hydrochloride

(NH;OH.HCI),

sodium nitride (WNagN), silicon nitride (SizNyg), sodium
amide (NaNH,), magnesium nitride (MgzNz), sodium
hyponitrite (NasNzOg), hydrazine sulphate

(NzH,.H.S0,),

hydrazine hydrochloride (NoH:2HCI), titanium hydride
(TiH,), zirconium hydride (ZrH,), magnesium hydride
(MgsN3), and calcium nitride (Ca3Ny).

Typical oxidizers useful are ammonium perchlorate
(NH,CIOy), sodium perchlorate (NaClO,), potassium
perchlorate (KClO,), sodium chlorate (NaClO;), potas-
sium chlorate (KClOj;), sodium nitrate (NaNO;), potas-
sium nitrate (KNQj), lithium nitrate (LiNO;), ammo-
nium nitrate (NH;NOj), barium nitrate (Ba(NOj)g),
strontium nitrate (Sr(NOQO;)3z), calcium nitrate

(Ca(NOy)2),
magnesium nitrate (Mg(NOs)2), zinc nitrate
(Zn(NO3)3).

Sodium peroxide, barium peroxide, and potassium per-
oxide are capable of use either as a reducing agent or as
an oxidizing agent depending on the particular selection
of ingredients, and the same is true of sodium and potas-
sium nitrite. Sodium azide, mentioned above as a reducing
agent, can under certain exceptional circumstances be used
as an oxidizing agent.

Typical reactions utilizing the foregoing identified ma-
terials are as shown in Table I below, and in these reac-
tion equations, the respective reducing and oxidizing
agents are indicated by the letters r and o, respectively
placed over the corresponding compound or compound
groups.

TABLE L—REACTIONS

1, NaIEIa(c) -+ NHc810|(c) —
NaCl(e) + 2Na(g) -+ 2H:0(,g) + 02(g).

2. NB.IGO:(G) + NHA%IOA(C) D —
NaCl(e) + Nae) + 2H:0 (L) + 202(@).

3. 2N9?N03(c) + N:HA'II.I:S 04(6) ———>
’ Naz8 04(c) + 2Na(g) + 3Hs0(,8) -+ 1/20s(e).

2Na(1)\103(c) + NzH:-H:SO;(c) —_—
Nai8 O4(c) + 2Na(g) -+ 3H0(,g) - 3/20:(8)-

5. NH:OH-HCI(G) -+ Na(I)\IOz(c) —
NaCl(©) + Ni(®) + 2H:0(g) + 20s(e).

4;

6. NHaoi'x.Hm(c) + NgNos(c) RN
NaCl(e) + N3(@) + 2H;0(Q,8) -+ 0:(g).
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TABLE I—Continued

r
7. NayN(e) 4 3NH38104(0) ——
3NaCl(c) -+ 2Ns(g) -+ 6H20(,8) -+ 302(g).

r 0
8. Si;Nufe) -+ 3Na1\lia(c) + SNHiClO4(c) ~—~——r
38103(c) -+ 3NaCl(e) -+ 8Ni(g) + 6H3;0(,g).

9. Si:;h(c) + NraaN(c) + 3NE014010 € ——s
38103(c) + 3NaCl(c) -+ 4N3(g) + 6H:0 (Lg).

r T 0
10. Si3Né(e) -+ 6NaNHa 4 6NH4«C104y —

38101(c) -+ 6NaCl(c) -+ 8Ni(g) -+ 18H3:0 (lyg).

Nai-\IH:(c) + NH°40104(c) -_— )
NaCi() + Ni(@) + SH:0(,8) + 120(®).

11

r 0
12. Mg:Ni 4 NaCiO; — NaCl 4 3Mg0O 4 Ni.

T o
13. Na3O: 4 2NHC104 ——— 2NaCl 4 N3 -+ 4H;0 +- 30,
r [
14, NasN3;03 - 2NH(Cl10y — 2NaCl + 2Nj - 30; - 4N20.
r o
15, EKNO; 4 NH4Cl10 —— KC - Ni + 205 4 2H,0,

r o
N;H¢H3S O4 - Ba(NO3z)y ——
BaS Oy -+ 2N3 + 3H;0 + 3/205.

16.

r 0
17, N3Hi2HCI + 2NaNO3 —~—— 2NaCl + 2N; + 3H:0 -+ 3/20s.

r 0
18. TiHy 4+ K104 —— TiO3 + 2H;0 4 KClL

by 0
19, ZrH; 4 KCl0y ~——— Zr0; 4 HiO -} 1/20 + K1

r 0
20, MgN; + KCl0y —» KCl 4 4MgO + Ni 4 1/205.

r 0
21, Ca;N; + KCI0¢ ———r XKCl 4 3Ca0 - Ni + 1/20;

The parenthetical letters (c), (g) and (1) placed adja-
cent to the compounds or products signify their condi-
tion as “condensed,” “gas,” and “liquid,” respectively. It
will be recognized that in these equations Ba may be
replaced with Sr, Ca, Mg, or Zn; and Na may be replaced
with K, Li, Rb or Cs.

Following are examples of reaction procedures which
have been performed and their results.

EXAMPLE 1

A mixture of 65 parts ground sodium azide (particle
size 10-100 micron)-}-117.5 parts ground ammonium
perchlorate (particle size 5~250 micron) was pressed in
a Carver press until almost theoretical density was
reached. The resulting compression formed product may
have the shape of a tablet, cylinder, cube or cone, de-
pending on the selected mold. The density of the mixture
was 1,.78-1.785 g./cm.3. A reaction was conducted in the
following manner: A Crawford Bomb was dried in a
vacuum oven and a pellet weighing 1.7466 grams and
measuring 0.377" thick, 0.386" wide, and 0.488” long
of the above compressed stoichiometric mixture of sodium
azide and ammonium perchlorate was placed inside the
bomb. The system was purged and then pressurized with
helium to 870 p.s.i. The volume of the bomb was approxi-
mately 20 in.3. The pellet was ignited with a Nichrome
wire. After a delay of about 0.26 seconds the pressure rose
to 1458 p.s.i. in 0.27 seconds and then declined very
slowly. Analysis of the gas exclusive of the helium showed:

Mole percent
Nitrogen 67
Oxygen 30.0
Nitrous oxide 1.7
Water 2.5
Ammonia 1 None

1 By IR and inass spectrograph.

The r'esidue in the bomb had a pH of 7.0 and contained
chloride. It is evident that the gas composition was close
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to that expected from -the theoretical stoichiometric reacs 4000 grams load ‘and 3000.r:;p.m. In the DTA an abrupt
tion! to-form nitrogenf‘and.::OXygen *i,nl.a 2:1 molar ratio. exotherm with ignition occurred at 270° F. The density
g . PER-y - . U of the tablet was 2,0 gm./cm.3.
As has been pointed out hereinabove, the chemical

X reactions must produce a high exotherm so that the gas
Z;uéfo;:ﬁ; :;)()e_rig?or?tlsrgga)rtzrllg srlzle7 ;_%%t;gfoﬁgoggg 5 development is completed in a short time similar to’that
3.65 ‘parts. of iron.oxide (particle’size 1-3 micron) was of a combustron process. The. exotherm calculations of
pressed using a rectangular mold until almost theoretical the series of reactions shown in Table I above are pre-
density ‘was reached: The rtesulting compressed product sented in the followrng Table II wherein the equatron
was sawed. into. squares:0:337 x,0:386 x 0.488 in. Upon 19 numbers correspond with the same numbered equations
mltratton wrth a Nrchrome ‘wite.in_ a Crawford Bomb in Table I.

TABLE IL—EXOTHERM CALCULATIONS

parts ground SOdlle azide (par-

Mole AH keal. . An (Gases)
ole
weight H:0 (1) H20 (g.) Per mole Per 100 g
of com- [H:0 (g. )/ [HzO (2. )/
position . . Mole Gram Mole Gram H:0 (1)] H:z0 ()]
182,512 ~-168. 655 - 024 —147.601 —. 808 " 5/3 2.739/1.643
186. 496 ~78.025 —. 418 -—56. 915 -~ 305 ; 5/3 2.681/1.608
268. 128 —364.08 —1.357 —332.29 -1.239 5. 5/2.5 2.051/.932
. 300.128 —81.180 -—. 270 ~49, 474 -—. 164 6.5/3.5 2.165/1.167
138. 489 —72.595 —. 524 ~51. 528 -~ 372 3.6/1.5 2.527/1.083
,154. 489 ~—486. 955 - -, 303 ~25.772 ~. 166 4/2  2,589/1. 294
435.471 —443.765 —1.019 —380. 62 -, 874 11/6 2.526/1.148
744, 711 —§76. 09 -1.315 -912.23 —-1,229 14/8 1.887/1.078
575,751 ~913. 88 —1.587 - —850.60 ~1.447 10/4 1.736/0. 694
1,079,352 ~1,691.6 —1.567 ~1,502.0 —~1.391 26/8 2.408/0. 741
" 156,512 ~208.575 ~1.800 —171.905 -1.098 4.5/1.5 2.875/.958
- 20748 oo -1.635 --333.19 -1.635 1/1 . 482/, 482
'312,99 —205. 22 -, 656 —163.14 —. 521 8/4 2, 556/ 1.278
341,01 oL e 7/ S,
202. 61 . —81.58 —. 408 60. 54 -. 299 5/8 2.470/1.483
391. 51 —86. 50 —.221 ~54. 94 -, 140 6.5/3.5 1,660/.894
274,97 —89. 60 —. 326 —58, 04 -, 211 6.5/3.5 2.364/1.273
190,50 womne e amnenc e mm—— e mm—n e aoem 2/0 e
231. 80 —201.50 —1.258 -—280.98 --1.212 1.5/0.5 .647/.216
239.54 eiiianan —1.343 —321.74 —1.343 1L.5/1.6  ,626/.626
286,82 oo -=1.122 —321.74 ~1.122 1.5/1.5  .523/.523

=¥ Kétual prodicts may be BaO 4802 - 1/2. Oz .
In the above table, the expression “AH’ means difference of heat the term “keal" means Lllocalorles (eigher by
“fiole or by gram); and the expressioh **An (gases)’” signifies fitmber of rioles of gas.

under siimilar conditions but using nitrogen as gas, as ¢ The exotherm calculations in Table II show that the
shown in Example 1, the material:decomposed as shown reactions indeed produce heat. Considering equation 1,

in Table IV producmg the theoretical predrcted gases. ~ - “forexample, it is seen that 182.512 grams, which is equal
] to 1 mole of the compusition, produces ,1'68.655 kilo-

EXAMPLE 3. " ‘ 40 ‘calories per mole, assuming that the water is produced as

An intimate dried storchrometrrc mrxture of finely -2 liquid. In the event the water be produced as-a gas,
ground sodium azide, and finely ground ammonium per- the same mole of the composition produces 147.601 kilo-
chlorate, particle size of 5-19 micron.in both, was pressed -.... .calories. per. mole. -These figures further. show that for
in a tablet press to form pills of ¥4 inch in diameter and every gram of the composition there is produced .924
V8 inch thick, The tablets had a density of 1.78 gm./cm.2. 45" kilocalories in the event the water is produced as a liquid,

These’ tablets we
No- weight ‘pain d
eorded'after"Z" hou

xposed;to arr ‘dt room temperature. ‘and .808 kilocalories inthe event the water is produced
d: go of morsture was re- ‘as a gas. With regard to the number of moles of gas pro-
: duced by equation 1; 182.512 grams of the composition

produce 5 moles of gas'in the case of the water being

50 produced as a gas, and only 3 moles of gas in the case

An 1nt1mate dr1ed mixture Of ﬁnely ground sodium - of water being produced as a liquid. Considering 100
azide and ﬁnely ground dmnonitm perchlorate particle grams ‘instead of 182.512 grams, the number of moles
size of 5-19-micron in both;: as produced in Example 3, produced at 2.739 for the water produced as a gas and
was safety tested: The results ot the blended powder show 1.643 for the water produced as a liquid.
that-the material- i’ not: partrcularly sensitive to impact, 55 ' The significance of the slanted lines between the num-
fflCthn or elevated temperature s ‘ bers of a pair is that the number of the pair at the left

: : ' ' represents the gaseous phase and the number at the right

e EXAMPLE 5 s indicates the liquid phase Referring again to the data for

A saturated aqueous  slution of sodium azide and a equé,tlon 1, the expression 5/3 means 5 in the case of
saturated aqueots ‘solution-of -ammonium perchlorate in 60 ‘gas and 3 in the case of liquid; and 2.739/1.643 means
stoichiometric ratio were- sprayed into' a vacuum chamber % 2.739moles of gas “and“1. 643 ‘moles when - ¢ondensed;
whereby the: solvent’ was rapidly’evaporated and the 'so Thése figures show how an air bag collapses after it has
dium- azide -and - ammonium pefchlorate crystals Wwere been mﬂated by a gaS-producmg reaction ‘according to

formed-in’ very' small particle size.- The “dried ‘mixture ‘equation 1.'It is desired fo create’a large number of moles
was then ‘collected “and cornpressed fo the desrred shape 65 f gas-and not too much heat S
The densrty‘ of the product was 7em.3* ﬁmbers “for “the’ remammg ‘equations in Table II
i ¢ ificanice’ sumlar to that stated for the num-
‘bers for'équiation 1.
The rapidity of the chemical reactron can be 1ncreased
or influenced by the use of catalysts and catalysts mhay
be Selected which promote o1 detrease the rate of the de-
composmon ‘of the oxidizer, chemrcals used -in the cor-
posrtron “Typiéal” catalysts ‘for ‘profioting the decompos1-
‘tion “of - ammonium perchlérate ‘when it is used as an
9 oxrdlzer are iron oxrdes chromrum salts and the Tike, -

URARER s b bl
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Decomposition rates for typical equations are given in
Table III as follows:

TABLE IIL—-DECOMPOSITION RATES

Pressure, Rate,

Material p.s..a. in. /sec
NHCIOYNANS e o oomemmcncmemcnne 1,000 1.75
2,000 2.70

NH(CI04/NaN;z + 2% Fe:0yceonevn 1,000 175
2,000 2,55

A pressure test in respect to equation 1 revealed re-
sults set forth in Table IV as follows:

TABLE IV—~PRESSURE TESTS

Pressure
Pressure, Increase, p.s.i.a.
psia. _—
Welght, Ob- Pre-
Material grams 1st Peak TFinal served dicted
NH4Ci104/NaNs.... 1.569 2,450 3,215 2,470 20 20

This test was performed in a 29.24 cubic inch bomb
filled with nitrogen with initial (1st) and final tempera-
tures at 73:£0.5° F.

Besides the measurement of the actual rate of decom-
position in the chemical reaction producing safe gases,
other safety tests indicate the decomposition of matter is
not hazardous. This is shown in the DTA (Differential
Thermal Analysis) data, the impact sensitivity data, and
the friction senmsitivity data of Table V below which in-
dicates that the safe handling of this composition of
matter is also proven.
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perchlorate, sodium nitrite, sodium nitrate, sodium chlo-
rate, bariumnitrate, potassium perchlorate, and at least
one of which is a reducing agent selected from the group
consisting of sodium azide, sodium nitrite, hydrazine sul-
phate, hydroxyzamine hydrochloride, sodium nitride, sil-
icon nitride, sodium amide, magnesium nitride, sodium
peroxide, sodium hyponitrite, -potassium nitrite, titanium
hydride, zirconium hydride, magnesium hydride, and cal-
cium nitride.

2. A composition of matter which upon combustion
yields non-toxic to human gaseous.products, which com-
position consists essentially of a stoichiometrix mixture of
an oxidizer compound ammonium perchlorate and a re-

ducing agent selected from the group consisting of so-

dium azide, sodium nitrite, sodium nitride, silicon nitride,
sodium amide, magnesium nitride, sodium peroxide, sodi-
um hyponitrite, potassium nitrite, and calcium nitride.

3. A composition of matter which upon combustion
yields non-toxic to humans gaseous products, which com-
position consists essentially of a stoichiometric mixture
of an oxidizer compound sodium nitrite and a reducing
agent selected from the group consisting of hydrazine sul-
fate and hydroxylamine hydrochloride.

4. A composition. of matter which upon combustion
yields non-toxic to humans gaseous products, which com-
position consists essentially of a stoichiometric mixture
of an oxidizer compound sodium nitrate and a reducing
agent selected from the group consisting of hydrazine
sulfate, and hydroxylamine hydrochloride.

5. A composition of matter which upon combustion
yields non-toxic to humans gaseous products, which com-

TABLE V.-SUMMARY OF DATA ON GAS GENERANTS

Safety tests DTA
Impact
sensltmty 1 Rotary friction 2
(50% point), load, grams/ Temp.,
Material cm./2 kg. veloclty, r.p.m, °F. Observation
' 24 4,000/6,000 negatt { Gy Cmdptherm.
ClOy/NaN3 euareceommacnccccacans X ,000 negative..caceuo-o
NEOI0/ : gg.’lr Exotherma
Cl0y/NaN3 + 2% Fe308.aeuen-- a 16.6 4,000/3,000 negative, 4,000/ 460 Endotherm.
NH(CIO/ 3+ 2% FoiOs 7,00d positive. ’ ggg Exo%lerm
0.

1 RDX control 32.
3 Typical solid propellant control 2,080-2,200 gram load at 3,000 r.p.m.

Tt is understood that the oxidizing agents used in the
reactions described herein may be mixtures of any two
or more of the oxidizers, and likewise the reducing agents
used in the reactions may be mixtures of any two or more
of the reducers.

The compositions of matter described herein can be
used in various applications. Besides the use as a gas
augmentor producing non-toxic gases in air bag applica-
tions, there are other uses envisaged. For example, those
compositions of matter which produce oxygen in the de-
composition reaction would be suitable in devices for
emergency Oxygen generation. Such emergency oxygen
generators are life savers in space applications, in mine
disasters, in submarine applications, or any other applica-
tion in which oxygen is being used to sustain life. The
reaction temperature and the hot gases formed in the de-
composition make these compositions of matter suitable
in applications of solid rocket motors, as turbo starter
initiators for jet engines, in gas generators where gases
are needed on command, such as in steering of missiles,
ships and other transportation vehicles. Rapid gas genera-
tion is also desired in application of emergency brakes
and in military applications such as ﬂares or 1ncend1ary
devices. . :

We claim:

1. A carbonfree composition of matter capable of
yielding gaseous products non-toxic to humans, upon
combustion of the composition said composition consist-
ing essentially of a stoichiometric mixture of at least two
different compounds, at least one of which is an oxidizing
agent selected from the group consisting of ammonium
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position consists essentially of a stoichiometric mixture
of an oxidizer compound sodium chlorate and a reducing
agent selected from the group consisting of hydrazine
sulphate, sodium amide, magnesium nitride, titanium hy-
dnde, zirconium hydride, magnesmm hydride, and cal-
cium nitride.

6. A composition of matter which upon combustlon
yields non-toxic to humans gaseous products, which com-
position consists essentially of a stoichiometric mixture
of an oxidizer compound barium nitrate and a reducing
agent selected from the group consisting of hydrazine
sulphate, hydroxylamine hydrochloride, sodium amide,
magnesium nitride, titanium -hydride, zirconium hydride,
magnesium hydride, and calcium nitride.

7. A composition of matter which upon combustion
yields non-toxic to humans gaseous products, which com-
position consists -essentially of a stoichiometric mixture
of an oxidizer compound potassium perchlorate and a
reducing agent selected from the group consisting of hy-
drazine sulphate, hydroxylamine hydrochloride, sodium
amide, magnesium nitride, titanjum hydride, zirconium
hydride, magnesium hydride,.and calcium nitride.

8. A composxtlon accordmg to claim 1 in which the
oxxdmng agent is ammonium perchlorate and the reduc-
ing agent is sodium azide.

9. A composxtlon accordmg to claim. 1 in which the
ox1dlzmg agent is, ammonium perchlorate and the reduc-
ing agent is sodium nitrite. ~ )

. 10. A composition according to claim 1 in which the
reducing agent is hydrazine sulphate and the oxidizing
agent is sodium nitrite.
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11. A composition according to claim 1 in which the
oxidizing agent is sodium nitrate and the reducing agent
is hydrazine sulphate.

12. A composition according to claim 1 in which the
reducing agent is hydroxylamine hydrochloride and the
oxidizing agent is sodium nitrite.

13. A composition according to claim 1 in which the
reducing agent is hydroxylamine hydrochloride and the
oxidizing agent is sodium nitrate.

14. A composition according to claim 1 in which the
reducing agent is sodium nitride and the oxidizing agent
is ammonium perchlorate.

15. A composition according to claim 1 in which the
reducing agent is silicon nitride plus sodium azide and the
oxidizing agent is ammonium perchlorate.

16. A composition according to claim 1 in which the
reducting agent is silicon nitride plus sodium nitride and
the oxidizing agent is ammonium perchlorate.

17. A composition according to claim 1 in which the
reducing agent is silicon nitride plus sodium amide and
the oxidizing agent is ammonium perchlorate.

18. A composition according to claim 1 in which the
reducing agent is sodium amide and the oxidizing agent
is ammonium perchlorate.

19. A composition according to claim 1 in which the
reducing agent is silicon nitride plus sodium nitride and
agent is sodium chlorate.

20. A composition according to claim 1 in which the
reducing agent is sodium peroxide and the oxidizing agent
is ammonium perchlorate.

21. A composition according to claim 1 in which the
reducing agent is sodium hyponitrite and the oxidizing
agent is ammonium perchlorate.

22. A composition according to claim 1 in which the
reducing agent is potassium nitrite and the oxidizing
agent is ammonium perchlorate.

23. A composition according to claim 1 in which the
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reducing agent is hydrazine sulphate and the oxidizing
agent is barium nitrate.

24. A composition according to claim 1 in which the
reducing agent is hydrazine hydrochloride and the oxidiz-
ing agent is sodium nitrate.

25. A composition according to claim 1 in which the
reducing agent is titanium hydride and the oxidizing agent
is potassium perchlorate.

26. A composition according to claim 1 in which the
reducing agent is zirconium hydride and the oxidizing
agent is potassium perchlorate.

27. A composition according to claim 1 in which the
reducing agent is magnesium hydride and the oxidizing
agent is potassium perchlorate.

28. A composition according to claim 1 in which the
reducing agent is calcium nitride and the oxidizing agent
is potassium perchlorate.
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