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[57] ABSTRACT 

A relatively low temperature nitrogen gas generating 
composition containing (A) metallic azides and (B) re 
actants therefor, such as, the metallic sul?des, metallic 
iodides, organic iodides, organic chlorides, metallic ox 
ides and sulfur. 
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LOW TEMPERATURE NITROGEN GAS 
GENERATING COMPOSITION 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The invention relates to nitrogen gas generating com 

position which is capable of generating nitrogen gas at 
relatively low temperatures such as from 200° to 1,000° 
F. More particularly this invention relates to a rela 
tively low temperature nitrogen gas generating compo 
sition for in?ating passenger vehicle crash bags. This 
composition comprises (A) metallic axides and (B) re 
actants therefor, such as, the metallic oxides, metallic 
sul?des, metallic iodides, organic iodides, organic chlo 
rides and sulfur. 

2. Description of the Prior Art 
A need arose for a nitrogen gas generating composi 
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tion which could be used for in?ating certain devices _ 
in a very short time. In?atable structures such as vari 
ous recreational equipment and in?atable furniture can 
be ?lled manually by an air pump. However, the in?at 
able structures such as emergency crash bags for pro~ 
tecting the life of passengers of automobiles, trains, air 
planes,'ships etc., must be in?ated in a very short pe 
riod of time with a non-toxic,,non-?ammable gas. Fur 
thermore, the temperature of the reaction must be suf 
?ciently low enough so that the gas produced and di 

' rected into a crash bag can be retained in the bag. The 
gas in the bag must be at least retained long enough to 
cool to a temperature so that if the gas does escape, it 
will not burn the passengers. ' 

In the past such devices used for in?ating the above 
type structures were systems using compressed gas 
stored in cylinders. However, the response time of 
these devices for in?ating passenger protective crash 

_ bags etc., was too slow for uses such as in automobile, 
train, and airplane crash bags which require an in?ating 
time of approximately 0.040 seconds. For example, it 
is well known that if a medium size automobile, with a 
2 ft. clearance between the rear seat and the back of 
the front seat, collides into a solid wall at approxi 
mately 30 mph, a passenger in the back seat will 
come into contact with the back- of the front seat in ap 
proximately 0.0435 seconds. _ ' I 

The older type compressed gas crash in?ation de 
vices have a number of other disadvantages. (1) They 
are bulky and difficult to package neatly in places such 
as in steering columns of automobiles. (2) Automobile 
manufacturers regardv containers of compressed gas; 
especially ones equipped. with explosive, opening de 
vices are being hazards when used on automobile 'as-_ 
,sembly lines. '(3) These compressed gas type in?ation 
devices may present a hazard during shipping, storing 
or when handling. Also these devices may tend to be 
unreliable because of the danger of leakage, especially 
after several years of being attached to an automobile. 
(4) The pressure within the container can be danger 
ously increased by high ambient temperatures. In view 
of the above problems, the relatively low temperature 
nitrogen gas generating composition of this invention is 
considered to be a much superior source of gas for the 
in?ation of such devices are automobile, train, airplane 
and ship passenger protective type crash bags.' 
The use of the composition of this invention in de 

vices such as automobile crash bags has a number of 
advantages. This composition can be contained in a 
much smaller package than compressed gas. Also this 
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2 
composition should remain reliable for a much longer 
period of time. Another important advantage is that 
this composition is relatively insensitive to temperature 
changes and shock. Therefore, it is considered to be 
much safer than the compressed gas type in?ation de 
vice. 
The gases produced by the gas generating composi 

tions for use in passenger carrying vehicles, as men 
tioned above, must be low in temperature and non 
toxic because of the danger of a rupture occurring in 
the crash bags upon in?ation and harming the passen 
gers if the gases are toxic or high in temperature. Also 
the source of the gas must be such that the crash bag 
is in?ated within about 0.040 seconds after a collision 
signal is received. As mentioned earlier, in the older gas 
generating devices, which were used to in?ate crash 
bags, the response time was much too slow. Therefore, 
gas generating. compositions with the necessary re 
sponse time were developed. However, the reaction 
temperatures of these compositions were approxi 
mately 2,500° C. These reaction temperatures were 
much too high. 

In the past various types of in?atable devices have 
been used extensively by the armed forces for in?ating 
landing pads for helicopters and ?oatation equipment 
such as rafts, boats, escape ladders, etc. Recently, it has 
been proposed to in?ate these devices by utilizing gases 
generated from gas generating compositions. An im 
provement was made in the prior art over the above 
mentioned gas generating compositions. These gas gen 
erating compositions were reacted in the presence of 
liquid carbon dioxide resulting in the hot gases heating 
the liquid carbon dioxide which was converted into a 
gas which in turn cooled the reaction temperature of 
the gases produced by the gas generating composition. 
However, this cooling system was not a complete suc 
cess. One of the difficulties encountered in the above 
type system was that the combustion gases and the 
coolants did not mix uniformly particularly when the 
gas generation composition was first ignited. This re 
sulted in producing hot spots in the mixing chamber of 
the apparatus which would burn out or weaken the 
structural elements of the device to be in?ated. Other 
coolants were tried. It has been proposed to use alcohol 
or other suitable liquid materials having a high latent 
heat of vaporization to further reduce the temperature 
of the gases. None of these systems have been com 
pletely successful. 
One of the objects of the present invention is the use 

of a low temperature nitrogen gas generating composi 
tion for the in?ation of passenger protective crash bags 
for use in passenger carrying vehicles. More particu 
larly these protective crash bags have been installed in 
the dash of automobiles and have been designed to in 
?ate rapidly and automatically in order to protect the 
occupants of the vehicle in the event of a collision. Ap 
paratuses for use in automobiles of this general nature 
are known in the prior art. For example, U.S. Pat. No. 
3,336,045 describes’ a cushion device which is in?ated 
by use of a solid fuel gas generator using an undesig 
nated gas generating composition. Also, U.S. Pat. No. 
3,450,414 discloses a cushion device which is in?ated 
by a non-?ammable gaseous material such as dichloro 
di?uoromethane and similar type gases which are con 
tained in a sealed ‘container. Also as mentioned earlier, 
there are numerous designs for in?ating crash bags for 
passenger carrying vehicles where the source of gas for 
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in?ating the bags is contained in cylinders under pres 
sure and is released by an explosive device which is ac 
tivated when the vehicle is involved in a collision. 
These devices have also not been entirely successful. 

SUMMARY OF THE INVENTION 

It is the object of this invention to provide a relatively 
low temperature nitrogen gas generating composition. 
Particularly, a relatively low temperature nitrogen gen 
erating composition for use as a gas generant in the in 
?ation of passenger protective crash bags for use in 
passenger carrying vehicles. The nitrogen gas generat 
ing composition’s reaction temperature must be suf? 
ciently low so that the temperature created by the reac 
tion will not be above approximately 200° to 1,000“ F. 
Also the gases generated must be non-toxic. 
The term relatively low temperature as used in the 

context of this invention means a gas temperature be 
tween approximately 200° and 1,000“ F. These temper 
atures are considered low reaction temperatures when 
compared to the reaction temperatures of presently 
known nitrogen gas generating compositions which 
have reaction temperatures approximately 2,000° to 
3,0000 F. 
Another object of the invention is to provide a gas 

generating composition which has a very fast response 
rate for in?ating the crash bags. For example, the in?a 
tion time required in automobile passenger protective 
crash bags is approximately 0.040 seconds. 
More particularly, the object of the invention is to 

provide a source of inert and non-toxic gas for automo 
bile crash bags. This source of gas must be reliable for 
long periods of time, nonhazardous during prolonged 
storage, non-toxic, possess a relatively low reaction 
temperature, and possess the capability of being pro 
duced in suf?cient quantities in order to in?ate auto 
mobile passenger protective crash bags in 0.040 sec 
onds. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Devices which may be in?ated by use of this inven 
tion include in?atable passenger protective crash bags 
for use in passenger carrying vehicles, in?atable boats, 
rafts, escape ladders, etc. This invention is especially 
useful in the in?ation of shock-absorbing, ?exible, in 
?atable passenger protective crash bags for use in auto 
mobiles. Automobile crash bags of this general type are 
disclosed in U.S. Pat. Nos. 3,450,414, 2,834,609 and 
3,573,885. 
Gas generators which may be utilized by this inven 

tion may be of the type disclosed in copending applica 
tion entitled “Gas Generators" by F. E. Schneiter, Ser. 
No. 47,788 incorporated herein by reference. Also 
other similar type gas generators which may be utilized‘ 
are of the type disclosed in US Pat. No. 3,l 17,424 in 
corporated herein by reference. 
The objectives of the invention are accomplished by 

reacting (A) metallic azide, more particularly alkali 
metal azides, alkaline earth metal azides or an alumi 
num azide with an (B) reactants therefor, such as, the 
metallic oxides, metallic sul?des, metallic iodides, or 
ganic iodides, organic chlorides or sulfur in order to 
produce nitrogen gas very rapidly at relatively low tem 
peratures. 
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4 
The (A) azides useful in the practice of the present 

invention are the alkali metal azides, alkaline earth 
metal azides and aluminum azides. 
The preferred alkali metal azides are lithium azide, 

sodium azide and potassium azide. The most preferred 
alkali metal azide is sodium azide. 
The preferred alkaline earth metal azides are calcium 

azide, barium azide, and magnesium azide. The most 
preferred alkaline earth metal azide is magnesium 
azide. Another preferred azide is aluminum azide. 
The amount of (A) azides is from about 25 to 95 per 

cent by weight based on the total weight of the compo 
sition, preferably from about 30 to 70 percent by 
weight. 
The (B) reactants for the azides of this invention are 

the metallic sul?des, metallic iodides, organic iodides, 
organic chlorides, metallic oxides and sulfur. The pre 
ferred metallic sul?des are antimony trisul?de, bismuth 
sulfide, ferrous sul?de, stannous sul?de, tungsten disul 
fide, aluminum sul?de and molybdenum disul?de. The 
most preferred metallic sul?des are aluminum sul?de, 
molybdenum disul?de and ferrous sulfide. The most 
particularly preferred of the metallic sul?des is molyb 
denum disulfide and ferrous sul?de. 
The preferred metallic iodides are antimony triodide, 

busmuth triodide, ferrous iodide and stannic iodide. 
The preferred organic iodides are carbon tetraiodide 

and iodoform. The most preferred organic iodide is 
carbon tetraiodide. 
The preferred organic chlorides are hexachloroeth— 

ane, hexachlorobenzene and perchloropen 
tacyclodecane. The most preferred organic chloride is 
perchloropentacyclodecane. 
The preferred metallic oxides are molybdenum triox 

ide, tungsten trioxide, lead dioxide and vanadium pent 
oxide. The most particularly preferred of the metallic 
oxides is vanadium pentoxide. _ 

The preferred amount of the (B) reactants of this in 
vention is from about 1 to 75 percent by weight based 
on the total amount of the composition, more prefera 
bly from about 30 to 60 percent. 
A preferred relatively low temperature nitrogen gas 

generating composition of this invention is from about 
50 to 75 percent preferably 60 to 70 percent sodium 
azide, from about 25 to 45 percent preferably 30 to 40 
percent molybdenum disul?de and from about 0.5 to 
30 percent preferably 1 to 20 percent sulfur. The most 
preferred relatively low temperature nitrogen gas gen 
erating composition of this invention is from about 25 
to 90 percent preferably 30 to 70 percent sodium azide, 
from about 30 to 70 percent preferably 40 to 60 per 
cent vanadium pentoxide and from about 0.5 to 7.0 
percent preferably 1 to 5 percent molybdenum disul 
?de. 

In the relatively low temperature nitrogen gas gener 
ating composition the ingredients are simply mixed to 
gether for approximately one-half hour with a common 
dry powder blender. After mixing this material, it is 
then pelletized in a common pressure type pelletizer 
forming small pellets. These small pellets are then 
placed into a gas generator of a type which is suitable 
for in?ating passenger vehicle crash bags. This gas gen 
erator should contain a chamber in which the pellets 
are to be ignited and burned in order to generate the 
gas. Also the gas generator should contain an ignition 
means to ignite the pellets inside the chamber and a dis 
charge ori?ce in order to discharge the gas from the 
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chamber into an in?atable crash bag or collection 
chamber. Gas generators of the type which may be, 
used are described in copending application entitled 
“Gas Generators” by F. E. Schneiter, Ser. No. 47,788 
previously mentioned and incorporated herein by ref 
erence. Also other gas generators of the type which 
may be used are described in U.S. Pat. No. 3,117,424 
mentioned previously. However, other similar type gas 
generators may be used. 
After placing the pellets into the gas generator the 

composition is ignited. Any general type ignition sys 
tem may be used. However, there are two types of igni 
tion systems preferred. The first of these systems is a 
regular boron and potassium nitrate ignition system 
which is a hot particle type ignition. The second type 
ignition system is a sodium azide and sulfur ignition sys 
tem which is a hot gaseous type ignition. 

In order to point out more fully the invention in its 
practical aspects, the following illustrative examples 
are given of the practice of the invention for preparing 
the sub-combinations and combinations of the ingredi 
ents used in their various phases. I 

Examples 1 through 13 as shown in Table 1 demon 
strate, '( l ) the amount of pressure which was generated 
by the various compositionsin the gas generator unit, 
(2) upon ignition, the time in seconds required for the 
gas being produced to reach a maximum pressure in a 
collection chamber,~(3) the pressure in the collection 
chamber after 200 milliseconds have elapsed, (4) the 
number of millimoles of gas produced per gram of the 
gas generating composition ignited, and (5) the maxi 
mum temperature in degrees Fahrenheit of the gas pro 
duced by the reaction. - . 

The ingredients of the Example 1 through 13, which 
were in a powdered form, were simply mixed together 
for approximately one~half hour in a gallon container 
using apaint shaker type mixer. This material was then 

- pelletized in a standard pressure type pelletizer in order 
to make small pellets of the gas generating composi 
tion. These pellets were‘ then put into a gas generator 
of the type described previously and ignited. The igni 
tion gases were directed into an evacuated collection 
chamber with a volume of approximately 7.6 liters. The 
pressure of the gas versus the time ‘required to reach 
this pressure in the collection chamber was measured 
and recorded.‘ Also a measurement was made ofthe 
total pressure reached in the collection chamber. Also, 
the temperature of the gases as they came out of the 
generator and intothe collection chamber were mea 
sured. , > - 

The invention is illustra'ted‘but not limited by the fol 
lowing examples in which the parts are by weight unless 
otherwise speci?ed. ' ‘ 

TABLE I 

Example No: l 2 3 4 5 6 

Sodium Azide ....... ..' ...... .. 80.3 90.0 64.0 65.5 69.6 52.1 
Sulfur .............. .. . 7 . 1.0 4.0 2.0 .......... .. 

Molybdenum disul?de. 35.0 30.5 ............ .. 
Ferrous sul?de ................ .. 28.4 .......... .. 

Lead dioxide ............................................................................ .. 47.9 
Generator maximum ' ‘ 

pressure (psia) 
pounds per sq. inch 
absolute .................... .. 1467 1797 1292 2050 1322 1582 

Action time (seconds) to 
achieve max. pressure ' 

in collection chamber..... 0.085 0.026 0.039 0.047 0.080 0.028 
Pressure (psia) at 0.02 
seconds in collection 
chamber ................... .. 27.8 27.8 17.7 15.4 17.6 16.1 

Millimoles of gas per 
gram of material ......... .. 23.6 26.04 23.8 21.6 27.4 15.7 

Max. temperature of gas ' 

in collection chamber"... 866° F 813“ F 345" F 296° F 232° F 611° F 
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Table l— Continued 
Example No: 7 8 9 10 ll l2 13 

Sodium azide ................ .. 58.8 

Carbon tetraiodide ................... .. 
Perchloropentacyclo 
decane ...................... .. 

Molybdenum trioxide. 
Tungsten trioxide .... .. 

Vanadium pentoxide.. 
Molybdenum disul?de .............................................. .. 
Generator maximum 

pressure (psia) 
pounds per sq in 
absolute .... .. 

Action time (sec) 
achieve max. press. in 
collection chamber ..... .. 

Pressure (psia) at 0.02 
sec. in collection 
chamber ...... ..l .......... .. 16.3 

Millimoles of gas per 
gram of material ......... .. 7.6 7.5 15.4 ....... .. 

Max. temp. ofgas in 
collection chamber ..... ..987° F 889“ F 656° F 641° F 589‘ F 519“ F ....... .. 

.... .. 40:5. 

2.0 

1691 3282 3265 

51 45 70 50 29 42 

21.9 14.1 

10.6 

11.5 16.4 14.5 

18.8 21.6 

.We claim: 
1. A nitrogen gas generating composition which upon 

ignition generates nitrogen gas at a temperature in the 
range of from about 200°F. to about l,000° F, said 
composition consisting essentially of an effective gas 
generating amount of 

a. from about 25 to 95 percent by weight of azides se 
lected from the group consisting of alkali metal az 
ides, alkaline earth metal azides, and aluminum az 
ides and 

b. from about 1 to 75 percent by weight of reactants 
selected from the group consisting of antimony tri 
sul?de, bismuth sul?de, ferrous sul?de, stannous 
sul?de, tungsten disul?de, aluminum sul?de, mo 
lybdenum disul?de, antimony triiodide, bismuth 
triiodide, ferrous iodide, stannic iodide, carbon tet 
raiodide, iodoform, hexachloroethane, hexachloro 
benzene, perchloropentacyclodecane, molybde 
num trioxide, tungsten trioxide, lead dioxide, vana 
dium dioxide, and sulfur or mixtures thereof. 

2. The composition as in claim 1 wherein the amount 
of (A) azides present is from about 30 to 70 percent by 
weight based on the total weight of the composition. 

3. The composition as in claim 1 wherein the amount 
of (B) reactants-present is from about 30 to 60 percent 
by weight based on the total weight of the composition. 

4. The composition as in claim 1 wherein the ('A) az 
ides are alkali metal azides selected from the group 
consisting of lithium azide, sodium azide and potassium 
azide. 

5. The composition as in claim 4 wherein the alkali 
metal azide is sodium azide. 

6. The composition as in claim 1 wherein the (A) az 
ides are alkaline earth metal azides selected from the 
group consisting of calcium azide, barium azide and 
magnesium azide. 

7. The composition as in claim 6 wherein the alkaline 
earth metal ‘azide is magnesium azide. 

8. The composition as in claim 1 wherein the (A) 
azide is aluminum azide. 

9. The composition as in claim 1 wherein the (B) re 
actant is aluminum sulfide. 

10. The composition as in claim 1 whereinv the (B) 
reactant is molybdenum disul?de. 

11. The composition as in claim 1 wherein the (B) 
reactant is ferrous sul?de. 

12. The composition as in claim 1 wherein the (B) 
reactant is iodoform. 

13. The composition as in claim 1 wherein the (B) 
reactant is carbon tetraiodide. 
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14. The composition as in claim 1 wherein the (B) 
reactant is perchoropentacyclodecane. 

15. The composition as in claim 1 wherein the (B) 
reactant is molybdenum trioxide. 

16. The composition as in claim 1 wherein the (B) 
reactant is tungsten trioxide. 

17. The composition as in claim 1 wherein 
reactant is lead dioxide. 

18. The composition as in claim 1 wherein 
reactant is vanadium pentoxide. 

19. The composition as in claim 1 wherein 
reactant is sulfur. 

20. In an improved method for in?ating a shock 
absorbing, ?exible, in?atable, passenger protective 
crash bag for use in a passenger carrying vehicle 
wherein the improvement comprises generating nitro 
gen gas at a temperature of from about 200°F. to about 
1,0000 F. by means of a nitrogen generating composi 
tion consisting essentially of an effective amount of 

a. from about 25 to 95 percent by weight of azides se 
lected from the group consisting of alkali metal az 
ides, alkaline earth metal azides and aluminum az 
ides and 

b. from about 1 to 75 percent by weight of reactants 
selected from the group consisting of antimony tri 
sul?de, bismuth sul?de, ferrous sul?de, stannous 
sul?de, tungsten disul?de, aluminum sul?de, mo 
lybdenum disul?de, antimony triiodide, bismuth 
triiodide, ferrous iodide, stannic iodide, carbon tet 
raiodide, iodoform, hexachloroethane, hexachloro 
benzene, perchloropentacyclodecane, molybde 
num trioxide, lead dioxide, vanadium dioxide sul 
fur or mixtures thereof. 

21. The method as in claim 20 wherein the amount 
of (A) azides present is from about 30 to 70 percent by 
weight based on the total weight of the composition. 

22. The method as in claim 20 wherein the amount 
of (B) reactants present is from about 30 to 60 percent 
by weight based upon the total weight of the composi 
tion. 

the (B) 

the (B) 
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23. The method as in claim 20 wherein the (A) azides 

are alkali metal azides selected from the group consist 
ing of lithium azide, sodium azide and potassium azide. 
24. The method as in claim 23 wherein the alkali 

metal azide is sodium azide. ‘ 

25. The method as in claim 20 wherein the (A) azides 
are alkaline earth metal azides selected from the group 
consisting of calcium azide, barium azide and magne 
sium azide. 

26. The method as in claim 25 wherein the alkaline 
earth metal azide is magnesium azide. 

27. The method as in claim 20 wherein the (A) azide 
is aluminum azide. 

28. The method as in claim 20 wherein the (B) reac 
tant is aluminum sul?de. 

29. The method as in claim 20 wherein the (B) reac 
tant is molybdenum disulfide. 
30. The method as in claim 20 wherein the (B) reac 

tant is ferrous sul?de. 
31. The method as in claim 20 wherein the (B) reac 

tant is iodoform. 
32. The method as in claim 20 wherein the (B) reac 

tant is carbon tetraiodide. 
33. The method as in claim 20 wherein the (B) reac 

tant is hexachloroethane. 
34. The method as in claim 20 wherein the (B) reac 

tant is perchloropentacyclodecane. 
35. The method as in claim 20 wherein the (B) reac 

tant is molybdenum trioxide. 
36. The method as in claim 20 wherein the (B) reac 

tant is tungsten trioxide. 
37. The method as in claim 20 wherein the (B) reac 

tant is lead dioxide. 
38. The method as in claim 20 wherein the (B) reac 

tant is vanadium pentoxide. 
39. The method as in claim 20 wherein (B) reactant 

is sulfur. 


