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(57) ABSTRACT 

A gas generant composition includes a non-aZide, organic, 
nitrogen-containing fuel; a substituted basic metal nitrate 
and at least one transition metal complex of diammonium 
bitetraZole. The substituted basic metal nitrate can be a 
reaction product of an acidic organic compound and a basic 
metal nitrate. The transition metal complex of diammonium 
bitetraZole is effective to enhance the burn rate presure 
sensitivity of the gas generant composition as compared to 
the same gas generant composition Without inclusion of the 
at least one transition metal complex of diammonium bitet 
raZole. 
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GAS GENERANT MATERIALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 10/412,530, ?led 11 Apr. 2003. The 
co-pending parent application is hereby incorporated by 
reference herein in its entirety and is made a part hereof, 
including but not limited to those portions Which speci?cally 
appear hereinafter. 

[0002] The subject matter of this application is also related 
to prior US. patent applications Ser. No. 09/998,122, ?led 
30 Nov. 2001, now US. Pat. No. 6,712,918, issued 30 Mar. 
2004; US. Ser. No. 10/627,433, ?led 25 Jul. 2003; US. Ser. 
No. 10/899,451, ?led 26 Jul. 2004; and US. Ser. No. 
10/899,452, ?led 26 Jul. 2004. The disclosures of these 
related patent applications are also hereby incorporated by 
reference herein in their entirety and made a part hereof, 
including but not limited to those portions Which speci?cally 
appear hereinafter. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates generally to a material for 
use in gas generation such as for forming an in?ation gas 
such as for in?ating in?atable devices such as airbag cush 
ions included in automobile in?atable restraint systems. 

[0004] It is generally Well knoWn to protect a vehicle 
occupant using a cushion or bag, e.g., an “airbag cushion,” 
that is in?ated or expanded With a gas When a vehicle 
experiences sudden deceleration, such as in the event of a 
collision. Such airbag restraint systems normally include: 
one or more airbag cushions, housed in an unin?ated and 
folded condition to minimize space requirements; one or 
more crash sensors mounted on or to the frame or body of 

the vehicle to detect sudden deceleration of the vehicle; an 
activation system electronically actuated by the crash sen 
sors; and in?ator device that produces or supplies a gas to 
in?ate the airbag cushion. In the event of a sudden decel 
eration of the vehicle, the crash sensors actuate the activa 
tion system Which in turn actuates the in?ator device Which 
begins to in?ate the airbag cushion in a matter of millisec 
onds. 

[0005] Many types of in?ator devices have been disclosed 
in the art for in?ating one or more in?atable restraint system 
airbag cushions. Generally, such in?ator devices may 
include one or more pyrotechnic compositions such as an 
igniter composition, the combustion of Which may ignite a 
gas generating compound, or a gas generant composition, 
the combustion of Which provides a gas such as may be used 
either alone or to supplement a stored and pressuriZed gas to 
in?ate an associated airbag cushion. 

[0006] Pyrotechnic gas generant compositions commonly 
utiliZed in the in?ator devices of automobile in?atable 
restraint systems had previously most typically employed or 
been based on sodium aZide. Such sodium aZide-based 
compositions upon initiation normally produce or form 
nitrogen gas. While the use of sodium aZide and certain other 
aZide-base pyrotechnic materials meets current industry 
speci?cations, guidelines and standards, such use may 
involve or raise potential concerns such as involving safe 
and effective handling, supply and disposal of such aZide 
based pyrotechnic materials. 

Mar. 16, 2006 

[0007] As a result, the development and use of other 
suitable gas generant compositions has been pursued. In 
particular, such efforts have been directed to the develop 
ment of aZide-free gas generant compositions for use in such 
in?ator devices. Much research has gone into the identi? 
cation and evaluation of non-aZide or aZide-free gas gener 
ant formulations or compositions that provide: a high gas 
output, typically greater than about 2 moles of gas per 100 
grams of composition; a loW combustion temperature such 
as a combustion ?ame temperature of less than 2000 K; a 
high burn rate, generally greater than about 0.85 inches per 
second at 3000 psi; loW toxicity of ef?uent gases; and easily 
?lterable particulate matter. Typically such aZide-free for 
mulations are less toxic and therefore easier to dispose of 
and more readily accepted by the general public. 

[0008] Unfortunately, such formulations often have or 
exhibit burn rates that are generally loWer than is desired or 
optimal to provide efficient and effective in?ation of an 
associated airbag cushion. For some in?ator device appli 
cations a loW burn rate can be compensated for by using 
small particles of pyrotechnic composition having a rela 
tively large surface area. HoWever, in practice there are 
limits on the minimum siZe of pyrotechnic composition 
particles that can be manufactured in a desirably reproduc 
ible manner. Additionally, a higher burn rate than can be 
achieved With such pyrotechnic compositions may be 
desired for in?ator programs requiring higher performance. 
Still further, it is generally desirable to increase or maximiZe 
the loading density of the gas generant or pyrotechnic and 
thus reduce or minimiZe the volume of the required associ 
ated chamber. 

[0009] In general, the burn rate for a gas generant com 
position can be represented by the equation (1), beloW: 

rb=k(P)“ (1) 

Where, 

[0010] 
[0011] k=constant 

[0012] P=pressure 

rb=burn rate (linear) 

[0013] n=pressure exponent, Where the pressure expo 
nent is the slope of a linear regression line draWn 
through a log-log plot of burn rate versus pressure. 

[0014] The burn rates of certain pyrotechnic compositions, 
particularly those including nitrogen-containing fuels, have 
been enhanced variously through the inclusion of one or 
more selected additives such as a selected high energy fuel 
ingredient or by the addition of co-oxidiZers such as ammo 
nium and potassium perchlorate. HoWever, extensive reli 
ance on the inclusion and use of such materials may add 
undesired expense to the manufacture of the pyrotechnic 
compositions such as via increased raW material costs and 
added process steps. Moreover, certain economic and design 
considerations such as industry competition has led to a 
desire for pyrotechnic compositions Which are composed of 
less costly ingredients or materials and Which are amenable 
to processing via more ef?cient or less costly techniques. 

[0015] Still further, in vieW of an increased focus on 
passenger safety and injury prevention, many automotive 
vehicles typically include several in?atable restraint sys 
tems, each including one or more in?ator devices. For 
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example, a vehicle may include a driver airbag, a passenger 
airbag, one or more seat belt pretensioners, one or more knee 

bolsters, and/or one or more in?atable belts, each With an 
associated in?ator device, to protect the driver and passen 
gers from frontal crashes. The vehicle may also include one 
or more head/thorax cushions, thorax cushions, and/or cur 
tains, each With at least one associated in?ator device, to 
protect the driver and passengers from side impact crashes. 
Generally, the gaseous ef?uent or in?ation gas produced by 
all of the in?ator devices Within a particular vehicle, When 
taken as Whole, are required to satisfy strict content limita 
tions in order to meet current industry safety guidelines. 
Thus, it is desired that gas generant compositions used in 
such in?ator devices produce as little as possible of unde 
sirable ef?uents such as hydrogen chloride, carbon monox 
ide, ammonia, nitrogen dioxide and nitric oxide. 

[0016] While the manipulation of the equivalence ratio of 
gas generant materials is a technique commonly used to 
adjust the ef?uent levels of gas generant materials, such 
manipulation is prone to a performance limitation some 
times referred to as the equivalence ratio “teeter-totter”. That 
is, as the equivalence ratio is loWered, under-oxidiZed spe 
cies, such as CO and NH3, increase and over-oxidiZed 
species, such as NO and N02, decrease. The reverse is true 
When the equivalence ratio is increased. 

[0017] Moreover, those skilled in the art and guided by the 
teachings herein provided Will understand and appreciate 
that the combustion ?ame temperature of a gas generant 
material typically has a signi?cant effect on the levels of 
carbon monoxide and nitrogen oxides in the gas ef?uent. 
More speci?cally at temperatures above 2000 K, the preva 
lence of reactions Within and betWeen gaseous species in the 
ef?uent such as to produce carbon monoxide and nitrogen 
oxides can dramatically increase. In contrast at combustion 
?ame temperatures beloW 2000 K, these reactions occur to 
a signi?cantly lesser extent such as may desirably result in 
cleaner, less toxic, ef?uent gases. 

[0018] In vieW of the above, there is a need and a demand 
for a non-aZide or aZide-free gas generant material or 
composition that, While overcoming at least some of the 
potential problems or shortcomings of aZide-based pyro 
technic compositions, may also provide relatively high gas 
yields as compared to typical aZide-based pyrotechnic com 
positions. There is a further need and a demand for a 
material that When applied in such in?atable safety restraint 
applications provides or results in a suf?cient and desirably 
high burn rate such as a burn rate of greater than about 0.85 
inches per second at 3000 psi. There is also a need and a 
demand for gas generant materials or compositions that 
minimiZe or avoid the production or yield of incomplete 
products of combustion such as having the general form of 
COX and NORX, for example. There is a still further need or 
a demand for such gas generant compositions may be 
economically and ef?ciently manufactured. Yet still further, 
there is as need and a demand for such a gas generant 
composition that attains or permits desirably increased or 
maximiZed loading densities such as to reduce or minimiZe 
the required chamber volume associated thereWith. 

SUMMARY OF THE INVENTION 

[0019] A general object of the invention is to provide an 
improved gas generant composition. 
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[0020] A more speci?c objective of the invention is to 
overcome one or more of the problems described above. 

[0021] The general object of the invention can be attained, 
at least in part, through a gas generant composition that 
includes a non-aZide, organic, nitrogen-containing fuel; a 
substituted basic metal nitrate comprising a reaction product 
of an acidic organic compound and a basic metal nitrate; and 
at least one transition metal complex of diammonium bitet 
raZole effective to decrease the burn rate pressure sensitivity 
of the gas generant composition as compared to the same gas 
generant composition Without inclusion of the at least one 
transition metal complex of diammonium bitetraZole. 

[0022] The prior art generally fails to provide gas generant 
compositions, particularly non-aZide gas generant composi 
tions that are capable of simultaneously providing or result 
ing in relatively high gas yields, as Well as suf?cient and 
desirably high burn rates While avoiding or minimiZing 
production or yield of undesirable in?ation gas constituents 
such as one or more of hydrogen chloride, carbon monoxide, 
ammonia, nitrogen dioxide and nitric oxide. Moreover, the 
prior art generally fails to provide such gas generant com 
positions that are conducive or easily adaptable to manu 
facture or production by alternative techniques such as via 
extrusion processing. 

[0023] In accordance With another aspect of the invention, 
there is provided a gas generant composition that includes: 

[0024] about 5 to about 60 composition Weight percent of 
guanidine nitrate; 

[0025] about 10 to about 60 composition Weight percent of 
a combination of basic copper nitrate aminotetraZole adduct, 
copper diammonium bitetraZole and basic copper nitrate 
co-oxidiZer; and 

[0026] about 1 to about 20 composition Weight percent of 
a polymeric binder effective to impart suf?cient cohesive 
properties to the gas generant composition Whereby the gas 
generant composition is extrudable. As described in greater 
detail beloW, such a gas generant composition can desirably 
be extrudably processed. 

[0027] As used herein, references to a speci?c composi 
tion, component or material as a “fuel” are to be understood 
to refer to a chemical Which generally lacks suf?cient 
oxygen to burn completely to CO2, H20 and N2. 

[0028] Correspondingly, references herein to a speci?c 
composition, component or material as an “oxidizer” are to 
be understood to refer to a chemical generally having more 
than suf?cient oxygen to burn completely to CO2, H20 and 
N2. 
[0029] References to a “burn rate enhanced” material are 
to be understood to refer to materials or compositions Which 
exhibit a burn rate of at least 0.85 inches per second at 3000 
pounds per square inch (psi) or greater, preferably a burn 
rate of greater than about 1 inch per second at 3000 psi and, 
more preferably a burn rate of greater than about 1.2 inches 
per second at 3000 psi. 

[0030] The term “equivalence ratio” is understood to refer 
to the ratio of the number of moles of oxygen in a gas 
generant composition or formulation to the number of moles 
needed to convert hydrogen to Water, carbon to carbon 
dioxide, and any metal to the thermodynamically predicted 
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metal oxide. Thus, a gas generant composition having an 
equivalence ratio greater than 1.0 is over-oxidiZed, a gas 
generant composition having an equivalence ratio less than 
1.0 is under-oxidiZed, and a gas generant composition hav 
ing an equivalence ratio equal to 1.0 is perfectly oxidized. 

[0031] The expression “substantially free of”, as used 
herein in reference to possible gaseous ef?uent constituents 
such as hydrogen chloride, carbon monoxide, ammonia, 
nitrogen dioxide and nitric oxide similarly refer to a gaseous 
ef?uent or in?ation gas that includes such constituent in an 
amount that is equal to or less than an amount of such 
constituent permitted by or alloWed under current industry 
standards (USCAR speci?cations). For example, if a vehicle 
includes a single in?atable airbag cushion With a single 
in?ator including a gas generant composition, the gaseous 
ef?uent or in?ation gas produced by the combustion of the 
gas generant composition is substantially free of hydrogen 
chloride if it includes about 5 parts per million hydrogen 
chloride or less When the in?ator is discharged into a 100 ft3 
tank, is substantially free of carbon monoxide if it includes 
about 461 parts per million carbon monoxide or less When 
the in?ator is discharged into a 100 ft3 tank; is substantially 
free of ammonia if it includes about 3 5 parts per million 
ammonia or less When the in?ator is discharged into a 100 
ft3 tank; is substantially free of nitrogen dioxide if it includes 
about 5 parts per million nitrogen dioxide or less When the 
in?ator is discharged into a 100 ft3 tank; and is substantially 
free of nitric oxide if it includes about 75 parts per million 
nitric oxide or less When the in?ator is discharged into a 100 
ft3 tank. 

[0032] Other objects and advantages Will be apparent to 
those skilled in the art from the folloWing detailed descrip 
tion taken in conjunction With the appended claims and 
draWing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0033] The FIGURE is a simpli?ed schematic, partially 
broken aWay, vieW illustrating the deployment of an airbag 
cushion from an airbag module assembly Within a vehicle 
interior, in accordance With one embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] There is provided an improved gas generant com 
position such as for use in the in?ation of in?atable elements 
such as an airbag cushion of an automobile in?atable 
restraint system. In accordance With a preferred embodi 
ment, such a gas generant composition includes a substituted 
basic metal nitrate including a reaction product of an acidic 
organic compound and a basic metal nitrate. 

[0035] As described in greater detail beloW, non-aZide or 
aZide-free materials having an acidic hydrogen Will react 
With a basic metal nitrate such as basic copper nitrate and 
partially replace the hydroxyl groups in the basic metal 
nitrate Without liberating soluble metal nitrate. In other 
Words, the structural integrity of the basic metal nitrate is not 
compromised by the substitution reaction. 

[0036] In accordance With certain preferred embodiments, 
the material used desirably includes a substituted basic metal 
nitrate including a reaction product of an acidic organic 
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compound and a basic metal nitrate. Suitably, the acidic 
organic compound is a nitrogen-containing heterocyclic 
compound including an acidic hydrogen. 

[0037] Examples of suitable acidic organic compounds 
include, but are not limited to, tetraZoles, imidaZoles, imi 
daZolidinone, triaZoles, uraZole, uracil, barbituric acid, 
orotic acid, creatinine, uric acid, hydantoin, pyraZoles, 
derivatives thereof, and combinations thereof. Particularly 
suitable acidic organic compounds include tetraZoles, imi 
daZoles, derivatives thereof, and combinations thereof. 
Examples of such acidic organic compounds include 
S-amino tetraZole, bitetraZole dihydrate, and nitroimidaZole. 
In certain preferred embodiments, the acidic organic com 
pound includes S-amino tetraZole. 

[0038] Generally, basic metal nitrate compounds utiliZed 
in certain embodiments include basic metal nitrates, basic 
transition metal nitrate hydroxy double salts, basic transition 
metal nitrate layered double hydroxides, and combinations 
thereof. Examples of basic metal nitrates include, but are not 
limited to, basic copper nitrate, basic Zinc nitrate, basic 
cobalt nitrate, basic iron nitrate, basic manganese nitrate and 
combinations thereof. In accordance With certain preferred 
embodiments, the basic metal nitrate includes basic copper 
nitrate. 

[0039] A feW representative substitution reactions, such as 
reactions (1) through (4) beloW, and substituted basic metal 
nitrate reaction products, particularly, S-amino tetraZole 
substituted basic copper nitrate, bitetraZole dihydrate sub 
stituted basic copper nitrate, and nitroimidaZole substituted 
basic copper nitrate, Within the scope of the present inven 
tion are as folloWs: 

[0040] The described substituted basic metal nitrate mate 
rials may be utiliZed as a pyrotechnic composition such as 
may be included in an in?ator device of an automobile 
in?atable restraint system. Alternatively, the described sub 
stituted basic metal nitrate materials may be used in a 
pyrotechnic composition such as an igniter composition or a 
gas generant composition including additional components 
such as a co-fuel. In accordance With certain preferred 
embodiments, the substituted basic metal nitrate can desir 
ably serve to enhance the burn rate of an associated gas 
generant composition. 

[0041] Generally, such pyrotechnic compositions include 
a substituted basic metal nitrate and a nitrogen containing 
co-fuel. In particular, such burn rate enhanced gas generant 
compositions include a reaction product of a basic metal 
nitrate such as basic copper, Zinc, cobalt, iron and manga 
nese nitrates, basic transition metal nitrate hydroxy double 
salts, basic transition metal nitrate layered double hydrox 
ides, and combinations thereof and an acidic organic mate 
rial such as tetraZoles, tetraZole derivatives, and combina 
tions thereof. 
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[0042] In practice, such pyrotechnic compositions may 
desirably include about 5 to about 60 composition Weight 
percent co-fuel, preferably a non-aZide, organic, nitrogen 
containing fuel such as suited for vehicular in?atable safety 
restraint applications. One particularly preferred pyrotech 
nic composition includes about 5 to about 60 composition 
Weight percent guanidine nitrate co-fuel. The desirability of 
use of guanidine nitrate in the pyrotechnic compositions of 
the invention is generally based on a combination of factors 
such as relating to cost, stability (e.g., thermal stability), 
availability and compatibility (e.g., compatibility With other 
standard or useful pyrotechnic composition components, for 
example). 
[0043] In addition, certain preferred gas generant compo 
sitions desirably involve the addition or inclusion of a 
quantity of at least one transition metal complex of diam 
monium bitetraZole to the gas generant formulation. 

[0044] Suitable transition metals for use in the practice of 
the invention include copper, Zinc, cobalt, iron, nickel and 
chromium. Preferred transition metals include Zinc and 
copper. A copper complex of diammonium bitetraZole hav 
ing an empirical formula of CuC2H6N1O is a preferred 
transition metal complex of diammonium bitetraZole for use 
in certain preferred embodiments. 

[0045] Those skilled in the art and guided by the teachings 
herein provided Will appreciate that the invention can desir 
ably be practice via the inclusion of a suf?cient quantity of 
at least one transition metal complex of diammonium bitet 
raZole to the gas generant formulation such that the resulting 
formulation exhibits a desirable decrease in burn rate pres 
sure sensitivity, as compared to the same formulation With 
out the inclusion of such transition metal complex of diam 
monium bitetraZole. In general, hoWever, it has been found 
preferable for a gas generant formulation in accordance With 
a preferred practice of the invention to include or incorpo 
rate the at least one transition metal complex of diammo 
nium bitetraZole in a relative amount of at least 2 Wt. %, 
preferably at least 5 Wt. % and, more preferably, in a relative 
amount of at least 10 Wt. % in order to provide gas generant 
formulations evidencing a suf?ciently decreased burn rate 
pressure sensitivity, as may desired for at least certain such 
in?atable restraint system applications. 

[0046] If desired, a pyrotechnic composition in accor 
dance With the invention may advantageously include an 
additional oxidiZer in an amount of up to about 50 compo 
sition Weight percent. Such additional oxidiZer materials are 
sometimes termed “a co-oxidiZer.” Preferred such co-oxi 
diZers materials include basic metal nitrates, such as basic 
copper nitrate, metal oxides, such as cupric oxide and ferric 
oxide, for example, as Well as ammonium perchlorate, alkali 
metal perchlorate, strontium nitrate, basic copper carbonate 
and combinations of tWo or more of such preferred co 
oxidiZer materials of basic metal nitrates, metal oxides, 
ammonium perchlorate, alkali metal perchlorate, strontium 
nitrate and basic copper carbonate. 

[0047] While materials such as ammonium perchlorate 
and alkali metal perchlorate can be included in subject gas 
generant compositions in a homogeneous manner, in accor 
dance With certain preferred embodiments, such perchlorate 
materials can desirably be heterogeneously included in 
particular subject gas generant compositions. To that end, it 
has been found that such perchlorate materials for inclusion 
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in particular subject gas generant compositions be included 
or present in a relative amount of about 1 to about 10 
composition Weight percent and have a mean particle siZe in 
excess of 100 microns and, preferably, a mean particle siZe 
of at least about 200 microns can dramatically improve the 
effluent resulting from the combustion of a gas generant 
composition Which includes such siZed perchlorate particles, 
as compared to the effluent resulting from the combustion of 
the same gas generant composition but Without the so siZed 
perchlorate particles. In accordance With at least certain 
preferred embodiments of the invention, it has been found 
advantageous that such perchlorate particles included in gas 
generant compositions in accordance With the invention 
have a mean particle siZe in the range of about 350 to about 
450 microns. 

[0048] Gas generant composition in accordance With the 
invention and suited for extrusion processing desirably also 
include a binder component. Advantageously, the binder 
component is a polymeric binder material effective to impart 
suf?cient cohesive properties to the gas generant composi 
tion Whereby the gas generant composition is extrudable. 
Extrudable gas generant compositions in accordance With 
certain preferred embodiments Will desirably include or 
contain about 1 to about 20 composition Weight percent of 
such a polymeric binder component. 

[0049] Examples of suitable binder materials can include 
cellulosics, natural gums, polyacrylates, polyacrylamides, 
polyurethanes, polybutadienes, polystyrenes, polyvinyl 
alcohols, polyvinyl acetates, silicones and combinations of 
tWo or more thereof. More particularly, suitable cellulosic 
binder materials may include ethyl cellulose, carboxymethyl 
cellulose, hydroxylpropyl cellulose and combinations of tWo 
or more thereof. Suitable natural gum binder materials may 
include guar, xanthan, arabic and combinations of tWo or 
more thereof. Those skilled in the art and guided by the 
teachings herein provided Will further appreciate that the 
incorporation of binder materials, such as the above-de 
scribed cellulosic binders, that result in or form composi 
tions that burn at loWer temperatures, sometimes referred to 
as “cooler burning” materials, can be advantageously pre 
ferred for various applications. 

[0050] Those skilled in the art and guided by the teachings 
herein provided Will appreciate that such gas generant 
compositions prepared via extrusion processing can desir 
ably exhibit increased or maximiZed loading densities such 
as may desirably serve to reduce or minimiZe the required 
chamber volume associated thereWith. Such extruded gas 
generant compositions may further desirably more easily 
burn at higher pressure conditions and can thus serve to 
reduce or minimiZe the production or yield of incomplete 
products of combustion such as having the general form of 
COX and NOX, for example. 
[0051] One or more of the materials or ingredients 
included in the subject compositions may serve multiple 
roles or functions in particular formulations. For example, 
binder materials can also typically act or function as a fuel 
components, as above de?ned. Thus, speci?c range limits 
for particular materials includable in the subject composi 
tions are generally dependent, at least in part, on What other 
particular materials are included in a speci?c composition. 
Such speci?c range limits for particular materials includable 
in the subject compositions are readily identi?able by those 
skilled in the art and guided by the teachings herein provided 
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[0052] Additional additives such as slag forming agents, 
?oW aids, plasticizers, viscosity modi?ers, pressing aids, 
dispersing aids, or phlegmatiZing agents may also be 
included in the pyrotechnic composition to facilitate pro 
cessing or to provide enhanced properties. For example, 
pyrotechnic compositions in accordance With the invention 
may include a slag forming agent such as a metal oxide 
compound such as aluminum oxide. Generally, such addi 
tives may be included in the subject compositions in an 
amount of about 1 to no more than about 5 composition 
Weight percent. Such additives typically are one or more 
metal oxide materials, With preferred such additives includ 
ing metal oxides such as silicon dioxide, aluminum oxide, 
Zinc oxide, and combinations thereof. 

[0053] Thus, gas generating compositions such as herein 
above-described desirably provide or result in a burn rate of 
greater than about 0.85 inches per second at 3000 psi, 
preferably a burn rate of greater than about 1 inch per second 
at 3000 psi and, more preferably a burn rate of greater than 
about 1.2 inches per second at 3000 psi. 

[0054] Moreover, gas generating compositions such as 
herein above-described desirably provide or result in a burn 
rate pressure sensitivity (as represented by the pressure 
exponent (n) in the burn rate equation (1) identi?ed above) 
of less 0.5, preferably of less than about 0.48. 

[0055] Still further, gas generating compositions such as 
herein above-described desirably provide or exhibit a com 
bustion ?ame temeprature of less than 2000 K. 

[0056] As Will be appreciated, gas generating composi 
tions in accordance With the invention can be incorporated, 
utiliZed or practiced in conjunction With a variety of different 
structures, assemblies and systems. As representative, the 
FIGURE illustrates a vehicle 10 having an interior 12 
Wherein an in?atable vehicle occupant safety restraint sys 
tem, generally designated by the reference numeral 14, is 
positioned. As Will be appreciated, certain standard elements 
not necessary for an understanding of the invention may 
have been omitted or removed from the FIGURE for pur 
poses of facilitating illustration and comprehension. 

[0057] The vehicle occupant safety restraint system 14 
includes an open-mouthed reaction canister 16 Which forms 
a housing for an in?atable vehicle occupant restraint 20, e.g., 
an in?atable airbag cushion, and an apparatus, generally 
designated by the reference numeral 22, for generating or 
supplying in?ation gas for the in?ation of an associated 
occupant restraint. As identi?ed above, such a gas generat 
ing device is commonly referred to as an “in?ator.” 

[0058] The in?ator 22 contains a quantity of a gas gener 
ant composition in accordance With the invention and such 
as described above. The in?ator 22 also includes an ignitor, 
such as knoWn in the art, for initiating combustion of the gas 
generating composition in ignition communication With the 
gas generant composition. As Will be appreciated, the spe 
ci?c construction of the in?ator device does not form a 
limitation on the broader practice of the invention and such 
in?ator devices can be variously constructed such as is also 
knoWn in the art. 

[0059] In practice, the airbag cushion 20 upon deployment 
desirably provides for the protection of a vehicle occupant 
24 by restraining movement of the occupant in a direction 
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toWard the front of the vehicle, i.e., in the direction toWard 
the right as vieWed in the FIGURE. 

[0060] The present invention is described in further detail 
in connection With the folloWing examples Which illustrate 
or simulate various aspects involved in the practice of the 
invention. It is to be understood that all changes that come 
Within the spirit of the invention are desired to be protected 
and thus the invention is not to be construed as limited by 
these examples. 

EXAMPLES 

Example 1 and Comparative Examples 1-3 

[0061] In these tests, 500 pound batches of each of the gas 
generant formulations having the compositions (values are 
in Weight percent) identi?ed in TABLE 1 beloW Were 
prepared in the folloWing manner: 

Comparative Example 1 (CE1) 

[0062] Guanidine nitrate (GN) Was dissolved in approxi 
mately 30% Water (i.e., 30% as a percentage of the total 
solids in mix on a Wet basis, i.e., 214 lbs Water) at 190° F. 
Basic carbon nitrate (bCN), alumina and silica Were added 
thereto to make a slurry. The slurry Was pumped through a 
lance and sprayed into a drying toWer Where it dried to a 
poWder as it fell from the top to the bottom of the drying 
toWer. 

Comparative Example 2 (CE2) 

[0063] The same procedure as in Comparative Example 1 
Was folloWed except that 5-aminotetraZole and bCN Were 
reacted in Water at 190° F. for 1 hour in order to make the 
5-AT/bCN complex prior to the addition of the other ingre 
dients. 

Comparative Example 3 (CE3) 

[0064] The same procedure as in Comparative Example 1 
Was folloWed except that cupric oxide and diammonium 
bitetraZole Were reacted in Water at 190° F. for 1 hour in 
order to make the copper diammonium bitetraZole prior to 
the addition of the other ingredients. 

Example 1 

[0065] The same procedure as in Comparative Example 1 
except that, 1) 5-aminotetraZole and bCN Were reacted in 
Water at 190° F. for 1 hour in order to make the 5-AT/bCN 
complex and 2) cupric oxide and diammonium bitetraZole 
Were reacted in Water at 190° F. for 1 hour in order to make 
the copper diammonium bitetraZole prior to the addition of 
the other ingredients. 

TABLE 1 

CE 1 CE 2 CE 3 Example 1 

GN 50.38 27.49 24.66 28.58 
bCN 46.62 14.35 51.72 21.36 
CuDABT — — 20.62 4.00 

bCuATN — 55.16 — 43.36 

A1203 2.70 1.50 1.50 1.50 
SiO2 0.30 1.50 1.50 1.20 
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Where, 
[0066] GN=guanidine nitrate 

[0067] bCN=basic copper nitrate 

[0068] CuDABT=copper diammonium bitetraZole and 

[0069] bCuATN=5-amino tetraZole substituted basic cop 
per nitrate 

[0070] The gas generant formulation of each of Compara 
tive Examples 1-3 and Example 1 Was then tested. The burn 
rate and combustion ?ame temperature (To) values identi?ed 
in TABLE 2 beloW Were obtained. In particular, the burn rate 
data Was obtained by ?rst pressing samples of the respective 
gas generant formulations into the shape or form of a 0.5 
inch diameter cylinder using a hydraulic press (12,000 lbs 
force). Typically enough poWder Was used to result in a 
cylinder length of 0.5 inch. The cylinders Were then each 
coated on all surfaces except the top one With a krylon 
ignition inhibitor to help ensure a linear burn in the test 
?xture. In each case, the so coated cylinder Was placed in a 
1-liter closed vessel capable of being pressuriZed to several 
thousand psi With nitrogen and equipped With a pressure 
transducer for accurate measurement of vessel pressure. A 
small sample of igniter poWder Was placed on top of the 
cylinder and a nichrome Wire Was passed through the igniter 
poWder and connected to electrodes mounted in the vessel 
lid. The closed vessel Was then pressuriZed to the desired 
pressure and the sample ignited by passing a current through 
the nichrome Wire. Pressure vs. time data Was collected as 
each of the respective samples Were burned. Since combus 
tion of each of the samples generated gas, an increase in 
vessel pressure signaled the start of combustion and a 
“leveling off” of pressure signaled the end of combustion. 
The time required for combustion Was equal to t2-t1 Where 
t2 is the time at the end of combustion and t1 is the time at 
the start of combustion. The sample length Was divided by 
combustion time to give a burning rate in inches per second. 
Burning rates Were typically measured at four pressures 
(900, 1350, 2000, and 3000 psi). The log of burn rate vs the 
log of average pressure Was then plotted. From this line the 
burn rate at any pressure can be calculated using the gas 
generant composition burn rate equation (1), identi?ed 
above. 

TABLE 2 

CE 1 CE 2 CE 3 EXAMPLE 1 

rb (1000) 0.47 1.17 0.84 0.97 
rb (3000) 0.82 2.11 1.24 1.58 
n 0.50 0.54 0.35 0.44 
k 0.015 0.028 0.107 0.047 
TC 1845 2025 1851 1959 

Where, 

[0071] rb (1000)=burn rate at 1000 psi in inch per 
second (ips); 

[0072] rb (3000)=burn rate at 3000 psi in inch per 
second (ips); 

[0073] n=pressure exponent in the burn rate equation 
(1) identi?ed above, Where the pressure exponent is the 
slope of the plot of the log of pressure along the x-axis 
versus the log of the burn rate along the y-axis; 
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[0074] l<=the constant in the burn rate equation (1) 
identi?ed above; and 

[0075] Tc=combustion ?ame temperature (To) 

Discussion of Results 

[0076] As shoWn in TABLE 2 Wherein the gas generant 
formulation of CE 1 serves as a baseline formulation, the 
inclusion of CuDABT in CE 2 While resulting in a formu 
lation With an increased burn rate also signi?cantly 
increased the pressure sensitivity of the burning rate (as 
represented by the pressure exponent The inclusion of 
copper diammonium bitetraZole in CE 3, as compared to the 
performance of the formulation of CE 1, resulted in a 
formulation reduced burn rate pressure sensitivity. Example 
1, hoWever, shoWs that gas generant inclusion of both 
bCuATN and copper diammonium bitetraZole, albeit in the 
relatively loW relative level of 4%, provided a desirably 
increased or elevated burn rate While also exhibiting a 
desirably reduced or decreased burn rate pressure sensitivity. 

[0077] TABLE 2 also shoWs that the gas generant material 
of Example 1 exhibited a combustion ?ame temperature of 
beloW 2000 K. As discussed above, With gas generant 
materials having a combustion ?ame temperature of beloW 
2000 K undesirable effluent reactions resulting in increased 
levels of undesirable species such as carbon monoxide and 
nitrogen oxides can be avoided or minimiZed. 

[0078] Thus, non-aZide or aZide-free gas generant mate 
rials or compositions are provided that, While overcoming at 
least some of the potential problems or shortcomings of 
aZide-based pyrotechnic compositions, may also provide 
relatively high gas yields as compared to typical aZide-based 
pyrotechnic compositions. These gas generant compositions 
also desirably provide or result in a suf?cient and desirably 
high burn rate, e.g., a burn rate of greater than about 0.85 
inches per second at 3000 psi, preferably a burn rate of 
greater than about 1 inch per second at 3000 psi and, more 
preferably a burn rate of greater than about 1.2 inches per 
second at 3000 psi. Moreover, at least particular embodi 
ments of the subject gas generant compositions are particu 
larly adapted and Well-suited for extrudable production and 
can thus provide neW or facilitate alternative economic and 

ef?cient gas generant production techniques. Furthermore, 
such gas generant compositions can attain or permit desir 
ably increased or maximiZed loading densities such as to 
reduce or minimiZe the required chamber volume associated 
thereWith. 

[0079] The invention illustratively disclosed herein suit 
ably may be practiced in the absence of any element, part, 
step, component, or ingredient Which is not speci?cally 
disclosed herein. 

[0080] While in the foregoing detailed description this 
invention has been described in relation to certain preferred 
embodiments thereof, and many details have been set forth 
for purposes of illustration, it Will be apparent to those 
skilled in the art that the invention is susceptible to addi 
tional embodiments and that certain of the details described 
herein can be varied considerably Without departing from 
the basic principles of the invention. 
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What is claimed is: 
1. A gas generant composition comprising: 

a non-aZide, organic, nitrogen-containing fuel; 

a substituted basic metal nitrate comprising a reaction 
product of an acidic organic compound and a basic 
metal nitrate; and 

at least one transition metal complex of diammonium 
bitetraZole effective to decrease the burn rate pressure 
sensitivity of the gas generant formulation as compared 
to the same gas generant composition Without inclusion 
of the at least one transition metal complex of diam 
monium bitetraZole. 

2. The gas generant composition of claim 1 Wherein the 
non-aZide, organic, nitrogen-containing fuel is guanidine 
nitrate. 

3. The gas generant composition of claim 1 Wherein the 
acidic organic compound is a nitrogen-containing heterocy 
clic compound including an acidic hydrogen. 

4. The gas generant composition of claim 1 Wherein the 
acidic organic compound is selected from the group con 
sisting of tetraZoles, imidaZoles, imidiaZolidinone, triaZoles, 
uraZole, uracil, barbituric acid, orotic acid, creatinine, uric 
acid, hydantoin, pyraZoles, derivatives thereof, and combi 
nations thereof. 

5. The gas generant composition of claim 1 Wherein the 
acidic organic compound is selected from the group con 
sisting of tetraZoles, imidaZoles, derivatives thereof, and 
combinations thereof. 

6. The gas generant composition of claim 1 Wherein the 
acidic organic compound comprises S-amino tetraZole. 

7. The gas generant composition of claim 1 Wherein the 
acidic organic compound comprises bitetraZole dihydrate. 

8. The gas generant composition of claim 1 Wherein the 
acidic organic compound comprises nitroimidaZole. 

9. The gas generant composition of claim 1 Wherein the 
basic metal nitrate is selected from the group consisting of 
basic copper, Zinc, cobalt, iron, and manganese nitrates, 
basic transition metal nitrate hydroxy double salts, basic 
transition metal nitrate layered double hydroxides, and com 
binations thereof. 

10. The gas generant composition of claim 1 Wherein the 
basic metal nitrate comprises basic copper nitrate. 

11. The gas generant composition of claim 1 Wherein the 
substituted basic metal nitrate comprises 2 
Cu(OH)2.Cu(CH2N5)2.Cu(NO3)2. 

12. The gas generant composition of claim 1 Wherein the 
substituted basic metal nitrate comprises 2 
Cu(OH)2.Cu(C2N8).Cu(NO3)2. 

13. The gas generant composition of claim 1 Wherein the 
substituted basic metal nitrate comprises 2 
Cu(OH)2.Cu(C3H2N3O2)2.Cu(NO3)2. 

14. The gas generant composition of claim 1 Wherein the 
at least one transition metal complex of diammonium bitet 
raZole comprises a transition metal selected from the group 
consisting of copper, Zinc, cobalt, iron, nickel and chro 
mium. 

15. The gas generant composition of claim 14 Wherein the 
at least one transition metal complex of diammonium bitet 
raZole comprises the transition metal copper. 

16. The gas generant composition of claim 1 additionally 
comprising a polymeric binder material effective to render 
the gas generant composition extrudable. 
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17. The gas generant composition of claim 16 Wherein the 
polymeric binder material is selected from the group of 
cellulosics, natural gums, polyacrylates, polyacrylamides, 
polyurethanes, polybutadienes, polystyrenes, polyvinyl 
alcohols, polyvinyl acetates, silicones and combinations of 
tWo or more thereof. 

18. The gas generant composition of claim 17 Wherein the 
polymeric binder material is a cellulosic material selected 
from the group consisting of ethyl cellulose, carboxymethyl 
cellulose, hydroxylpropyl cellulose and combinations of tWo 
or more thereof. 

19. The gas generant composition of claim 17 Wherein the 
polymeric binder material is a natural gum selected from the 
group consisting of guar, xanthan, arabic and combinations 
of tWo or more thereof. 

20. The gas generant composition of claim 16 Wherein the 
composition comprises: 

about 5 to about 60 composition Weight percent of the 
non-aZide, organic, nitrogen-containing fuel; 

about 10 to about 60 composition Weight percent of a 
combination of the substituted basic metal nitrate, the 
at least one transition metal complex of diammonium 
bitetraZole and, if present, any co-oxidiZer; and 

about 1 to about 20 composition Weight percent of the 
polymeric binder. 

21. The gas generant composition of claim 1 additionally 
comprising a quantity of at least one co-oxidiZer. 

22. The gas generant composition of claim 21 Wherein 
said co-oxidiZer is selected from the group consisting of 
basic copper nitrate, strontium nitrate, basic carbon carbon 
ate, metal oxides and combinations thereof. 

23. The gas generant composition of claim 21 Wherein 
said co-oxidiZer comprises basic copper nitrate. 

24. The gas generant composition of claim 1 additionally 
comprising a quantity of perchlorate additive selected from 
the group consisting of ammonium perchlorate, alkali metal 
perchlorate or a combination thereof present in an amount 
effective to result in a gaseous ef?uent that is substantially 
free of hydrogen chloride When the gas generant composi 
tion is combusted. 

25. The gas generant composition of claim 24 Wherein the 
composition comprises a quantity of at least one alkali metal 
perchlorate With a mean particle siZe in excess of 100 
microns, the at least one alkali metal perchlorate being 
present in a relative amount of about 1 to about 10 compo 
sition Weight percent and effective to result in a gaseous 
ef?uent that is additionally substantially free of carbon 
monoxide, ammonia, nitrogen dioxide and nitric oxide, 
When the gas generant composition is combusted. 

26. The gas generant composition of claim 24 Wherein the 
composition comprises a quantity of ammonium perchlorate 
and said ammonium perchlorate is present in a relative 
amount of about 1 to about 10 composition Weight percent 
and With a mean particle siZe in excess of 100 microns. 

27. A gas generant composition comprising: 

about 5 to about 60 composition Weight percent of guani 
dine nitrate; 

about 10 to about 60 composition Weight percent of a 
combination of basic copper nitrate aminotetraZole 
adduct, copper diammonium bitetraZole and basic cop 
per nitrate co-oxidiZer; and 
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about 1 to about 20 composition Weight percent of a 
polymeric binder effective to impart suf?cient cohesive 
properties to the gas generant composition Whereby the 
gas generant composition is eXtrudable. 

28. The gas generant composition of claim 27 additionally 
comprising a quantity of perchlorate additive selected from 
the group consisting of ammonium perchlorate, alkali metal 
perchlorate or a combination thereof present in an amount 
effective to result in a gaseous ef?uent that is substantially 
free of hydrogen chloride When the gas generant composi 
tion is combusted. 
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29. The gas generant composition of claim 27 Wherein 
inclusion of the basic copper nitrate aminotetraZole adduct 
and the copper diammonium bitetraZole is effective to 
increase the burn rate and decrease the burn rate pressure 
sensistivity of the composition as compared to the same gas 
generant composition Without inclusion of the basic copper 
nitrate aminotetraZole adduct and the copper diammonium 
bitetraZole. 


