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(57) ABSTRACT 

A gas generant composition used in pressure activated 
restraint System devices Such as micro-gas generator appli 
cations Such as Seatbelt pretensioners is provided. The gas 
generant composition includes a potassium perchlorate gas 
generant additive in addition to a non-azide nitrogen-con 
taining gas generating fuel, a metal ammine nitrate oxidizer, 
and a metal oxide burn rate enhancing and slag formation 
additive. The gas generant composition desirably has 
improved ignitability as compared to a similar composition 
without the potassium perchlorate gas generant additive. 
The gas generant composition also desirably produces or 
results in effluents having either or both reduced carbon 
monoxide and NO contents as compared to the effluent 
produced or resulting from a similar composition but with 
out the inclusion of the potassium perchlorate gas generant 
additive. 
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MICRO-GAS GENERATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The subject matter of this application is related to 
prior U.S. patent application Ser. No. 09/221,910, filed on 
Dec. 28, 1998, now U.S. Pat. No. 6,103,030, issued Aug. 15, 
2000; application Ser. No. 09/391,163, filed on Sep. 8, 1999, 
now U.S. Pat. No. 6,083,331, issued Jul. 4, 2000; and 
application Ser. No. 09/454,041, filed on Dec. 3, 1999, now 
U.S. Pat. No. 6,224,697, issued May 1, 2001. The disclo 
Sures of each of these related patent applications are hereby 
incorporated by reference herein in their entirety and made 
a part hereof including, but not limited to, those portions 
which Specifically appear hereinafter. 

BACKGROUND OF THE INVENTION 

0002 This invention relates generally to gas generant 
compositions and, more particularly, to gas generant com 
positions particularly Suited for use in micro-gas generator 
devices Such as for Seatbelt pretensioning as well as devices, 
Systems and methods of gas generation using or employing 
Such gas generant compositions. 
0.003 Various safety restraint systems for the protection 
of vehicle occupants have come into widespread use. In Such 
Systems, a restraint device is typically actuated upon the 
occurrence of a condition during which a vehicle occupant 
is to be restrained. AS will be appreciated, a vehicle collision 
is an example of a common occurrence for which restraint 
of a vehicle occupant is customarily desired. 
0004. A common type or form of vehicular actuatable 
occupant restraint System has or includes a Seat belt which 
is extendable acroSS the vehicle occupant and includes an 
actuatable device, Such as a pretensioner, provided to move 
at least a portion of the Seatbelt relative to the occupant. For 
example, one modern Seat belt is known as a 3-point 
restraint because it is Secured to the vehicle at three points 
arranged about the vehicle occupant to provide a diagonal 
torso Section and a horizontal lap portion to hold the vehicle 
occupant in the Seat. The belt is customarily attached to the 
vehicle by a Spring-loaded retractor tending to tighten the 
belt, and by a buckle for quick release of the belt. Seatbelt 
pretensioners are typically sited at the retractor or at the 
buckle end of the restraining Seatbelt. Seatbelt pretension 
erS are commonly designed to Store energy which, when 
released, effects the pretensioning operation. This energy 
may be mechanical energy Such as in the form of a stressed 
Spring but, more commonly, modern pretensioners are typi 
cally pyrotechnically operated. Pyrotechnically-operated 
pretensioners commonly comprise a Sealed tube containing 
a gas generant composition which reacts rapidly to generate 
gas and rapidly expand to provide the energy to effect the 
pretensioning operation. For example, Such generated gas 
may be used to drive a piston or the like, Such as included 
or used in a pretensioner, in association with a Seatbelt or 
other restraint device. In view of the relatively small amount 
of gas generated or produced from, in or by Such devices, as 
compared to gas generating inflators typically used in the 
inflation of inflatable restraint System airbag cushions, Such 
devices are commonly referred to as “micro-gas generators.” 
0005 Micro-gas generators are generally composed of a 
Single housing which contains an initiation element Such as 

Dec. 18, 2003 

in the form of Squib, an intermediate igniter composition and 
a high output, gas generating material. Squibs used in Such 
devices typically include a heated bridgewire to which has 
been applied a thermally Sensitive very hot burning initiator 
composition, however, other known initiation elements can, 
if desired be used. Thus, micro-gas generators are typically 
very Small devices which generally contain components 
corresponding to those contained in an airbag inflator, 
including an initiation element, an igniter composition and 
a high output, gas generating material, but without the 
degree of physical Separation typically present in airbag 
inflators. Further, due to the very Small operating time 
requirements associated with micro-gas generator applica 
tions (such as operating times of about 6 milliseconds or 
less), Such devices generally contain a much larger ratio of 
igniter material to gas generating material, as compared to 
typical airbag inflator devices. For example, inflators used in 
asSociation with the inflation of frontal impact airbag cush 
ions employed for driver protection typically contain or 
include igniter material in a range of about 3-10% by weight 
of the total gas producing material (e.g., igniter material and 
gas generating output charge) present in the inflator device. 
In contrast, in micro-gas generators, the igniter material may 
generally be present within the device in a relative amount 
of at least about 20% by weight of the total gas producing 
material present there within and typically in a range of about 
20-50% by weight of the total gas producing material 
present in the device. 
0006 Gas generant compositions commonly utilized in 
the inflation of automotive inflatable restraint airbag cush 
ions have 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-based 
gas generant materials meets current industry Specifications, 
guidelines and Standards, Such use may involve or raise 
potential concerns Such as involving the Safe and effective 
handling, Supply and disposal of Such gas generant materi 
als. 

0007 Certain economic and design considerations have 
also resulted in a need and desire for alternatives to azide 
based pyrotechnics and related gas generants. For example, 
interest in minimizing or at least reducing the Overall space 
requirements for inflatable restraint Systems and particularly 
Such requirements related to the inflator component of Such 
Systems has stimulated a quest for gas generant materials 
which provide relatively higher gas yields per unit volume 
as compared to typical or usual azide-based gas generants. 
Further, automotive and airbag industry competition has 
generally lead to a desire for gas generant compositions 
which Satisfy one or more conditions Such as being com 
posed of or utilizing leSS costly ingredients or materials and 
being amenable to processing via more efficient or leSS 
costly gas generant processing techniques. 

0008. As a result, the development and use of other 
Suitable gas generant materials has been pursued. In par 
ticular, such efforts have been directed to the development of 
azide-free gas generants for use in Such inflator device 
applications. In View of the above, there is a need and a 
desire for an azide-free gas generant material that, while 
overcoming at least Some of the potential problems or 
Shortcomings of azide-based gas generants, may also pro 
vide relatively high gas yields, Such as compared to typical 
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azide-based gas generants. In particular, relatively low cost 
gas generant material Solutions to one or more Such prob 
lems or limitations are desired. 

0009. As will be appreciated, a desirable feature of 
micro-gas generator devices used in or in connection with 
Seatbelt pretensioning is the production of a relatively large 
quantity of gas from a relatively Small Volume. In addition, 
it is desirable that Such gas generator devices minimize or 
avoid the production of Substantial amounts of possibly 
undesirable effluent gases Such as carbon monoxide and 
nitrogen-containing oxides Such as in the form of NO, e.g., 
NO and NO, for example, and which undesirable effluent 
gases might Somehow escape into the vehicle interior and 
thus come into contact with the occupant(s). 
0.010 Gas generant materials and compositions, Such as 
disclosed in the above-identified related applications, now 
U.S. Pat. No. 6,103,030; U.S. Pat. No. 6,083,331; and U.S. 
Pat. No. 6,224,697, can generally provide a combination of 
high flame temperature (c.a. 2100 K) and gas output (e.g., 
gas outputs of about 3.3 moles per 100 grams of material) 
Such as required or desired for use in micro-gas generators 
Such as for Seat belt pretensioning. However, Such gas 
generant materials commonly require the inclusion of an 
auxiliary pyrotechnic material, e.g., an igniter material, in 
order to Satisfy one or more performance requirements, Such 
as for operation at low temperatures, e.g., temperatures 
down to -40 C., if such materials are to be used in Such 
operations. Unfortunately, the requirement for inclusion of 
an igniter material, Such as in a granulated form, can 
complicate System design and operation while also undesir 
ably increasing the costs associated therewith. For example, 
Since gas generant material particles are typically relatively 
large as compared to igniter material particles, the packaging 
together of igniter material and gas generant material par 
ticles commonly results in igniter material particles migrat 
ing to the bottom of the bed of gas generant material and 
away from the Squib. Consequently, Such devices may 
experience undesirably erratic and/or variable ignition as, 
for example, the amount of igniter material migrating and/or 
the extent of migration of the igniter material may vary from 
device to device. In View thereof, it is common to Separately 
contain the igniter material in close proximity to or with the 
Squib Such that, upon actuation, the igniter material is 
routinely rapidly and completely ignited and provides Suf 
ficient energy to uniformly ignite the gas generant material. 
Unfortunately, Satisfaction of the need to maintain Separa 
tion of the igniter material and the main body of gas generant 
material while the device is in a pre-actuation State, typically 
requires the inclusion of an additional part or component in 
the device. AS will be appreciated, inclusion of Such an 
additional component may undesirably increase one or more 
of the weight, Size and cost of the device. 
0.011 Thus, there is a need and a demand for improve 
ments in gas generant compositions particularly Suited for 
use in micro-gas generator devices Such as for Seat belt 
pretensioning as well as corresponding or associated 
improved gas generation devices, Systems and methods. In 
this regard, there is a particular need and demand for Such 
gas generant compositions and corresponding or associated 
improved gas generation devices, Systems and methods, 
which, in addition to Satisfying requirements for Such micro 
gas generator application Such as relating to flame tempera 
ture and gas output, also desirably avoid a need or require 
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ment for the presence or inclusion of an auxiliary 
pyrotechnic compound, Such as an igniter, in order to meet 
performance requirements Such as relating to low tempera 
ture operation, where low temperature operation generally 
refers to operation at temperatures below ambient, e.g., 25 
C., to as low as about -40 C., for example. Further, there 
is a need and a demand for improvements in gas generant 
compositions particularly Suited for use in micro-gas gen 
erator devices and which gas generant compositions desir 
ably produce or result in gaseous effluents having a Suitably 
reduced or lower content of undesired effluent gases Such as 
carbon monoxide and NO, for example. 

SUMMARY OF THE INVENTION 

0012. A general object of the invention is to provide an 
improved gas generant composition particularly Suited for 
use in micro-gas generator devices Such as for Seat belt 
pretensioning as well as corresponding or associated 
improved gas generation devices, Systems and methods. 
0013 A more specific objective of the invention is to 
overcome one or more of the problems described above. 
0014. The general object of the invention can be attained, 
at least in part, through a gas generant composition which 
composition, in accordance with one preferred embodiment, 
contains or includes: between about 25 and about 60 com 
position weight percent non-azide nitrogen-containing gas 
generating fuel, between about 10 and about 55 composition 
weight percent metal ammine nitrate oxidizer, between 
about 0 and about 50 composition weight percent ammo 
nium nitrate Supplemental oxidizer component, between 
about 2 and about 10 composition weight percent metal 
oxide burn rate enhancing and Slag formation additive, and 
between about 1 and about 20 composition weight percent 
potassium perchlorate gas generant additive. 
0015 The prior art generally fails to provide a gas 
generant composition which, in addition to Satisfying per 
formance requirements relating to application in micro-gas 
generators, Such as relating to flame temperature and gas 
output, also desirably avoids a need or requirement for the 
presence or inclusion of an auxiliary pyrotechnic compound, 
Such as an igniter, in order to meet performance require 
ments Such as relating to low temperature operation (e.g., 
operation at temperatures down to -40° C.). The prior art 
inclusion of an igniter auxiliary pyrotechnic compound has 
generally resulted in the inclusion of an additional part or 
component in corresponding gas generator devices and Such 
as may undesirably increase one or more of the weight, Size 
or cost of the Such devices. Further, the prior art has 
generally failed to provide Such gas generant compositions 
which produce or result in gaseous effluents having a Suit 
ably reduced or lower contents of undesired effluent gases 
Such as carbon monoxide and nitric oxide and as may be 
desired for particular applications, Such as including in 
micro-gas generators used in Seat belt pretensioning. 
0016. The invention further comprehends, in accordance 
with another preferred embodiment a gas generant compo 
sition which contains or includes: between about 25 and 
about 60 composition weight percent guanidine nitrate, 
between about 10 and about 55 composition weight percent 
copper diammine dinitrate, between about 0 and about 50 
composition weight percent ammonium nitrate Supplemen 
tal oxidizer component, between about 2 and about 10 
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composition weight percent metal oxide burn rate enhancing 
and Slag formation additive Selected from the group con 
Sisting of SiO, Al-O and mixtures thereof, and between 
about 1 and about 20 composition weight percent potassium 
perchlorate gas generant additive. 

0.017. The invention still further comprehends a seat belt 
pretensioner gas generant composition which contains or 
includes: between about 25 and about 60 composition 
weight percent guanidine nitrate, between about 10 and 
about 55 composition weight percent copper diammine 
dinitrate, between about 0 and about 50 composition weight 
percent ammonium nitrate Supplemental oxidizer compo 
nent, between about 2 and about 10 composition weight 
percent metal oxide burn rate enhancing and Slag formation 
additive selected from the group consisting of SiO, Al-O 
and mixtures thereof, and between about 4 and about 10 
composition weight percent potassium perchlorate gas gen 
erant additive. 

0.018. The invention yet still further comprehends an 
occupant restraint System device which includes a housing 
containing a Supply of reactant material. In accordance with 
a preferred embodiment of the invention, the reactant mate 
rial includes a fuel component containing between about 25 
and about 60 composition weight percent of a non-azide 
nitrogen-containing gas generating fuel, between about 10 
and about 55 composition weight percent metal ammine 
nitrate oxidizer, between about 0 and about 50 composition 
weight percent ammonium nitrate Supplemental oxidizer 
component, between about 2 and about 10 composition 
weight percent metal oxide burn rate enhancing and Slag 
formation additive, and between about 1 and about 20 
composition weight percent potassium perchlorate gas gen 
erant additive. 

0019. The invention also yet still further comprehends a 
method of generating gas Suitable for use in an occupant 
restraint System of a motor Vehicle. In accordance with a 
preferred embodiment of the invention, such method 
involves directly igniting a reactant material including a fuel 
component containing between about 25 and about 60 
composition weight percent of a non-azide nitrogen-con 
taining gas generating fuel, between about 10 and about 55 
composition weight percent metal ammine nitrate oxidizer, 
between about 0 and about 50 composition weight percent 
ammonium nitrate Supplemental oxidizer component, 
between about 2 and about 10 composition weight percent 
metal oxide burn rate enhancing and Slag formation additive, 
and between about 1 and about 20 composition weight 
percent potassium perchlorate gas generant additive. 

0020. 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 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a simplified schematic, in a partially 
broken away view, of a micro-gas generator device in 
accordance with one embodiment of the invention. 

0022 FIG. 2 is a graphical depiction of tank pressure as 
a function of time performance realized in Comparative 
Example 1 and Example 1. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0023 The present invention provides a gas generant 
material used in pressure activated restraint System devices 
Such as micro-gas generator applications Such as Seat belt 
pretensioners. 

0024 Turning to FIG. 1, there is illustrated an occupant 
restraint System device, having the form of a micro-gas 
generator device, generally designated by the reference 
numeral 10, in accordance with one preferred embodiment 
of the invention. In particular, the micro-gas generator 10 is 
shown as having the general form of a device Such as may 
find desirable application in the driving of a piston or the like 
Such as may be desired in a Seat belt pretensioner or like 
apparatuS. 

0025 The micro-gas generator 10 includes a housing 12 
forming a chamber 14. The housing 12 is at least in part 
defined by an elongated generally cylindrical Sleeve 16, 
having an open first end 20 and a closed Second end 22 and 
may desirably be formed in a one piece construction. AS will 
be appreciated, Such a construction desirably may serve to 
reduce or eliminate the number of welds needed or used in 
the construction Such as by eliminating the need for the 
welding of an end closure Such to close one or more ends of 
the housing 12. 
0026. An initiator, generally designated by the reference 
numeral 24, Such as in the form of a heated bridgewire Squib 
is Suitably joined or otherwise connected to the sleeve first 
end 20 and such as to close such first end. The initiator 24 
includes or has two electrode pins 26 and 28. The electrode 
pins 26 and 28 are in Signal receiving communication with 
one or more Sensors (not shown) Such as known in the art 
and Such as effective to Send a signal to the initiator 24 to 
effect the desired actuation thereof. 

0027. As will be appreciated by those skilled in the art 
and guided by the teachings herein provided, other Suitable 
forms of initiator devices, Such as known in the art, can if 
desired be used in the practice of the invention. For example, 
Such other Suitable forms of initiator devices can include 
Spark-discharge, heated or exploding wire or foil and 
through bulkhead initiators, and may, if desired, optionally 
contain a desired load of a Suitable pyrotechnic charge. 
Thus, it is to be understood that the broader practice of the 
invention is not necessarily limited to the incorporation 
and/or use of a heated bridgewire Squib. 
0028. The housing 12 contains or otherwise includes a 
Supply of gas generant composition, generally designated by 
the reference numeral 30. As described in greater detail 
below and in accordance with a preferred embodiment, the 
invention desirably employs a gas generant composition 
which, in addition to Satisfying the Stringent demands relat 
ing to materials employed in micro-gas generatorS Such as in 
the form of Seat belt pretensioners, also desirably does one 
or more of the following: 

0029 a) avoids the need for the inclusion of an 
auxiliary pyrotechnic compound, e.g., an igniter, in 
order for the device to meet or otherwise appropri 
ately Satisfy performance requirements, Such as for 
operation at low temperatures, e.g., operation at 
temperatures below ambient, e.g., 25 C., to as low 
as about -40° C., for example, and 
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0030 b) produces or results in gaseous effluents 
having a Suitably reduced or lower contents of 
undesired effluent gases Such as carbon monoxide 
and NO, for example. 

0.031 Gas generant compositions in general accord with 
the invention desirably include a fuel component, an oxi 
dizer component, a burn rate enhancing and Slag formation 
additive and potassium perchlorate gas generant additive. 
More particulary, preferred gas generant compositions in 
accordance with the invention desirably include or contain 
between about 25 and about 60 composition weight percent 
of a non-azide nitrogen-containing gas generating fuel, 
between about 10 and about 55 composition weight percent 
of a metal ammine nitrate oxidizer, between about 0 and 
about 50 composition weight percent ammonium nitrate 
Supplemental oxidizer component, between about 2 and 
about 10 composition weight percent of a metal oxide burn 
rate enhancing and Slag formation additive, and between 
about 1 and about 20 composition weight percent potassium 
perchlorate gas generant additive. 
0.032 Asidentified above, preferred fuel materials for use 
in the practice of the invention are non-azide in nature. 
Groups or categories of fuels useful in the practice of the 
invention include various nitrogen-containing organic fuel 
materials and tetrazole complexes of at least one transition 
metal. Specific examples of nitrogen-containing organic fuel 
materials useful in the practice of the invention include 
guanidine nitrate, aminoguanidine nitrate, triaminoguani 
dine nitrate, nitroguanidine, dicyandiamide, triaZalone, 
nitrotriaZalone, tetrazoles and mixtures thereof. Tetrazole 
complexes of transition metals. Such as copper, cobalt, and 
possibly Zinc, for example, can be used. AS will be appre 
ciated, the gas generating fuel component of particular gas 
generant compositions in accordance with the invention may 
be comprised of individual Such fuel materials or combina 
tions thereof. 

0033. In addition, the fuel component of the Subject gas 
generating material may, if desired, include a metallic fuel 
material. Specific examples of metallic fuels useful in the 
practice of the invention include Silicon, aluminum, boron, 
magnesium, alloys of aluminum and magnesium and com 
binations thereof. 

0034. The fuel component of the subject gas generating 
material, in accordance with certain particularly preferred 
embodiments of the invention, includes the fuel materials 
guanidine nitrate or guanidine nitrate in combination with 
one or more metallic fuels of Silicon, aluminum, boron, 
alloys of aluminum and magnesium alloys and combinations 
thereof. AS will be appreciated, Such metallic fuels may 
desirably be utilized in a powder form such as to facilitate 
mixing and combination with other composition compo 
nents. While the inclusion of Such metallic fuels can serve 
various purposes, in general Such metallic fuels may desir 
ably be included in Such compositions to increase the 
combustion temperature of the resulting composition. 
0035) In practice, guanidine nitrate is a generally particu 
larly preferred fuel due to one or more various factors 
including: having a relatively low commercial cost; gener 
ally avoiding undesired complexing with copper or other 
transition metals which may also be present, is itself rela 
tively highly oxygenated and thus may serve to minimize or 
reduce the amount of externally provided oxidant required 
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for combustion. When included, the powders of silicon, 
aluminum, boron, alloys of aluminum and magnesium 
alloys and combinations thereof may generally desirably be 
present in an amount of up to about 5 weight percent of the 
total gas generant composition. 
0036). In accordance with certain preferred embodiments 
of the invention, between about 10 and about 55 weight 
percent of the Subject gas generant composition constitutes 
a metal ammine nitrate oxidizer. Preferred metal ammine 
nitrate oxidizer materials for use in the practice of the 
invention include copper diammine dinitrate, Zinc diammine 
dinitrate and combinations thereof, with copper diammine 
dinitrate being particularly preferred. 
0037. The subject gas generant compositions additionally 
desirably contain between about 2 and about 10 composition 
weight percent of Such metal oxide burn rate enhancing and 
Slag formation additive. Examples of particular metal oxide 
burn rate enhancing and Slag formation additives useful in 
the practice of the invention include Silicon dioxide, alumi 
num oxide, titanium dioxide, boron oxide and combinations 
thereof. In general, Silicon dioxide, aluminum oxide and 
combinations thereof are preferred metal oxide additives for 
use in the practice of the invention. The use of the metal 
oxide is as a burn rate enhancer and for the purpose of 
producing slag which is easily filtered from the gas Stream 
of an airbag inflator. The incorporation and use of Such 
Silicon and aluminum oxide materials are particularly effec 
tive in facilitating the production of a Slag material which is 
relatively easily filtered from the gas Stream of an airbag 
inflator. 

0038. In the practice of the invention, it is believed that 
the combination of Such metal oxide component and the 
relatively high levels of metal amine nitrate present in the 
composition taken together are responsible for the high 
burning rate and the low burning rate pressure exponent of 
the compositions. 
0039 Preferred gas generant compositions in accordance 
with the invention desirably include or contain between 
about 1 and about 20 composition weight percent potassium 
perchlorate gas generant additive. In certain particularly 
preferred gas generant compositions of the invention Such 
potassium perchlorate gas generant additive is present in an 
amount of between about 4 and about 10 composition 
weight percent. In particular, advantages attendant the gas 
generant composition presence or inclusion of potassium 
perchlorate gas generant additive in accordance with the 
invention generally become more pronounced and more 
Significant wherein Such potassium perchlorate gas generant 
additive is present in an amount of at least about 4 compo 
Sition weight percent. Further, the gas generant composition 
inclusion of Such potassium perchlorate gas generant addi 
tive in an amount of more than about 10 composition weight 
percent may undesirably reduce the gas yield resulting from 
reaction of the composition. 
0040 Those skilled in the art and guided by the teachings 
herein provided will appreciate that potassium perchlorate is 
desirably compatible with other ingredients of the compo 
Sition. That is, there is generally no undesired chemical 
reaction between potassium perchlorate and other composi 
tion components under normal Service conditions (e.g., 
temperatures of s 107 C.) until such time as combustion is 
initiated. More particularly, for example, the potassium 
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perchlorate is desirably anhydrous in form as hydrated 
materials can undesirably react with composition materials 
Such as the metal ammine nitrate oxidizer at elevated 
temperatures (e.g., temperatures greater than 25 C.), and 
thus result in undesirable degradation. 
0041. The presence or inclusion of such potassium per 
chlorate in the gas generant compositions of the invention 
has been found to provide or result in a gas generant 
composition of Sufficiently improved ignitability at -40°C., 
as compared to a similar composition without the potassium 
perchlorate gas generant additive, Such as to avoid the need 
for the presence or inclusion of a charge of igniter material 
within or in association with the micro-gas generator occu 
pant restraint System device 10 That is, gas generant com 
positions in accordance with the invention are desirably 
directly ignitable (e.g., ignitable without the aid of an 
intermediary igniter material, even at Such low temperatures. 
AS will be appreciated by those skilled in the art and guided 
by the teachings herein provided, elimination of the need for 
the presence of inclusion of an igniter material can result in 
Significant and Substantial Simplification of the design and 
manufacture of devices containing Such gas generant com 
position as well as reducing the cost of manufacture and 
production of Such devices. 
0.042 Further, the presence or inclusion of such potas 
sium perchlorate in the gas generant compositions of the 
invention has also been found to desirably improve the 
quality of the gas effluent resulting from the reaction thereof, 
as compared to the gas effluent produced or formed upon 
combustion of a similar composition without the potassium 
perchlorate gas generant additive. More particularly, the 
potassium perchlorate additive-containing gas generant 
compositions of the invention have been found to produce or 
result in a gas effluent having a lesser relative amount of 
either or both carbon monoxide and one or more NO 
materials, as compared to the gas effluent produced or 
resulting from the combustion of a similar composition 
without the potassium perchlorate gas generant additive. 
0043. One particularly preferred gas generant composi 
tion in accordance with the invention includes: 

0044) between about 25 and about 60 composition 
weight percent guanidine nitrate, 

0045 between about 10 and about 55 composition 
weight percent copper diammine dinitrate, 

0046 between about 2 and about 10 composition 
weight percent metal oxide burn rate enhancing and 
Slag formation additive Selected from the group 
consisting of SiO2, Al-O and mixtures thereof, and 

0047 between about 1 and about 20, preferably 
between about 4 and about 10, composition weight 
percent. composition weight percent potassium per 
chlorate gas generant additive. 

0.048. The initiator 24 and the Supply of gas generant 
composition 30 are situated Such that upon actuation, the 
initiator 24 and the Supply of gas generant composition 30 
are in reaction-initiating communication Such that actuation 
of the initiator 24 results or otherwise produces reaction of 
at least a portion of the Supply of the gas generant compo 
sition 30. In the particular illustrated embodiment, the 
initiator 24 and the Supply of gas generant composition 30 
are in direct contact. 
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0049 While the Supply of gas generant material 30 is 
shown as being in the form of a granular material, it is to be 
understood that the broader practice of the invention is not 
necessarily limited to the incorporation and use of particular 
or Specific forms of the gas generant material. Thus, other 
Suitable forms of gas generant materials including, for 
example, tablets, grains and wafers, may be used if desired. 

0050. Operation 

0051 Typical operation of the micro-gas generator 10, 
shown in FIG. 1, is as follows: 

0052. Upon the sensing of an occurrence for which 
actuation of the micro-gas generator 10 is desired, an 
electrical signal is sent to the initiator 24. The initiator 24 
functions to ignite the Supply of gas generant material 30 
Such as to result in the ignition thereof and the formation of 
a product gas. In those applications where, for example, the 
micro-gas generator 10 is a Seat belt pretensioner, Such 
product gas can be employed to drive a piston to appropri 
ately tighten the Seat belt. The product gas may then be 
appropriately vented from Such piston assembly, Such as into 
the passenger compartment of the vehicle and Such as 
known in the art. 

0053 As will be appreciated by those skilled in the art 
and guided by the teachings herein provided, gas generant 
compositions in accordance with the invention can be pro 
cessed or otherwise produced by various methods. One 
useful processing technique for gas generant compositions 
in accordance with the invention is to Simply dry blend the 
desired relative amount of potassium perchlorate with the 
balance of the desired gas generant material composition. 
Alternatively, the desired relative amount of potassium 
perchlorate can be incorporated in the gas generant compo 
Sition as an added ingredient during Spray dry processing of 
the formulation Such as described in the above-identified 
related prior U.S. patent applications, now U.S. Pat. No. 
6,103,030; U.S. Pat. No. 6,083,331; and U.S. Pat. No. 
6,224,697, for example. 

0054 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 

Comparative Example 1 and Example 1 

0055. In each of these tests, a test gas generator device 
composed of an assembly such as shown in FIG. 1 and 
containing the respective gas generant formulation shown in 
TABLE 1, below, at a temperature of -40°C., was deployed 
into a 10 cubic centimeter closed bomb test tank equipped 
with a pressure transducer and a high Speed data collection 
System. The pressure in the test tank was recorded as a 
function of time and plotted to Show a relative comparison 
of the gas generant compositions. 
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TABLE 1. 

GAS GENERANT COMPOSITION (wt.%) 

Comparative Example 1 Example 1 

guanidine nitrate 42.95 54.72 
copper diammine dinitrate 51.95 34.49 
silicon dioxide 5.10 4.79 
potassium perchlorate 6.OO 

0056. The baseline gas generant composition used in 
Comparative Example 1 was a balanced formulation 
wherein the amount of fuel and oxidizer have been adjusted 
to theoretically result, upon combustion, in only carbon 
dioxide, water and nitrogen gas. The formulation of 
Example 1 was slightly fuel rich for the purpose of Satisfying 
customer Specifications for gas effluent concentrations but 
identical performance results were obtained with a balanced 
formulation containing the same amount of potassium per 
chlorate. 

0057 FIG. 2 is a graphical depiction of tank pressure as 
a function of time for each of the test inflators of Compara 
tive Example 1 and Example 1. 

0.058 Discussion of Results 

0059. As shown in FIG. 2, the gas generant composition 
of Example 1 (containing potassium perchlorate in accor 
dance with the invention) burned faster early in the com 
bustion trace and also reached maximum preSSure Sooner 
than the baseline formulation of Comparative Example 1. In 
particular, the formulation containing the potassium per 
chlorate gas generant additive Satisfied performance Speci 
fications of automakers while the baseline formulation did 
not. Thus, the presence or inclusion of the additive of the 
invention has been shown as desirably useful to increase gas 
generant material performance to meet automaker Specifi 
cations. 

Comparative Example 2 and Example 2 

0060. In these tests, a heavyweight test hardware fixture 
containing a 32 gram load of the respective balanced gas 
generant compositions shown in TABLE 2, below was fired 
into a 60 liter tank, with the gas effluents therein measured 
by FTIR. The results are shown in TABLE 3, below. 

0061. In the composition of Example 2, the potassium 
perchlorate was dry blended into a spray dried formulation 
containing the other ingredients. 

TABLE 2 

Composition (wt.%) Comparative Example 2 Example 2 

guanidine nitrate 42.95 45.63 
copper diammine dinitrate 51.95 45.48 
silicon dioxide 5.10 4.89 
potassium perchlorate 4.00 
Equivalence Ratio 1.OO 1.OO 
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0062) 

TABLE 3 

EFFLUENT (ppm 

TEST CO NO NO, 

Comparative Example 2 673O 9903 1849 
Example 2 271 7 3525 342 

0063 Discussion of Results 
0064. Both compositions were formulated to only pro 
duce carbon dioxide, water and nitrogen gas upon combus 
tion. The combustion temperatures for both compositions 
were similar enough to each other to rule out a temperature 
effect on effluent concentrations. 

0065. As shown in TABLE 3, the potassium perchlorate 
containing gas generant composition of Example 2 and in 
accordance with the invention exhibited, upon combustion, 
a reduction in both those effluent species which are fuel-rich 
(e.g., carbon monoxide) and those effluent species which are 
oxygen-rich (e.g., NO). 
0066. Thus, the invention provides an improved gas 
generant composition particularly Suited for use in micro 
gas generator devices Such as for Seatbelt pretensioning as 
well as corresponding or associated improved gas generation 
devices, Systems and methods. In particular, the gas generant 
compositions of the invention, in addition to Satisfying 
requirements for applications Such as in micro-gas generator 
occupant restraint System devices Such as Seat belt preten 
Sioners, Such as requirements relating to flame temperature 
and gas output, desirably are directly ignitable that is they 
avoid a need or requirement for the presence or inclusion of 
an auxiliary pyrotechnic compound, Such as an igniter, in 
order to meet performance requirements Such as relating to 
low temperature operation (e.g., operation at temperatures 
below ambient, e.g., 25 C., to as low as about -40°C., for 
example). Further, the invention generally provides Such gas 
generant compositions which desirably produce or result in 
gaseous effluents having a Suitably reduced or lower con 
tents of undesired effluent gases Such as carbon monoxide 
and NO, for example, as compared to Similar compositions 
but which lack the potassium perchlorate gas generant 
additive of the invention. 

0067. The invention has been described above with ref 
erence to particular embodiments wherein the gas generant 
composition of the invention is employed within a micro-gas 
generator occupant restraint System device. It is to be 
understood, however, that Such gas generant compositions 
of the invention can, if desired, be utilized or employed in 
other Suitable or appropriate occupant restraint System 
devices, as will be apparent to those skilled in the art and 
guided by the teachings herein provided. 

0068 The invention illustratively disclosed herein suit 
ably may be practiced in the absence of any element, part, 
Step, component, or ingredient which is not specifically 
disclosed herein. 

0069. 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 or illustration, it will be apparent to those 
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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. 
What is claimed is: 

1. A gas generant composition comprising: 
between about 25 and about 60 composition weight 

percent non-azide nitrogen-containing gas generating 
fuel; 

between about 10 and about 55 composition weight 
percent metal ammine nitrate oxidizer; 

between about 0 and about 50 composition weight percent 
ammonium nitrate Supplemental oxidizer component; 

between about 2 and about 10 composition weight percent 
metal oxide burn rate enhancing and slag formation 
additive, and 

between about 1 and about 20 composition weight percent 
potassium perchlorate gas generant additive. 

2. The gas generant composition of claim 1 wherein the 
composition has improved ignitability as compared to a 
Similar composition without the potassium perchlorate gas 
generant additive. 

3. The gas generant composition of claim 1 wherein, upon 
combustion, the composition produces a gas effluent having 
a lesser relative amount of NO as compared to a gas effluent 
upon combustion of a Similar composition without the 
potassium perchlorate gas generant additive. 

4. The gas generant composition of claim 1 wherein, upon 
combustion, the composition produces a gas effluent having 
a lesser relative amount of carbon monoxide as compared to 
a gas effluent upon combustion of a similar composition 
without the potassium perchlorate gas generant additive. 

5. The gas generant composition of claim 1 wherein the 
non-azide nitrogen-containing gas generating fuel comprises 
guanidine nitrate. 

6. The gas generant composition of claim 1 wherein the 
metal ammine nitrate oxidizer comprises copper diammine 
dinitrate. 

7. The gas generant composition of claim 1 wherein the 
metal oxide burn rate enhancing and Slag formation additive 
is Selected from the group consisting of SiO2, Al-O and 
mixtures thereof. 

8. The gas generant composition of claim 1 wherein the 
potassium perchlorate gas generant additive is present in an 
amount of between about 4 and about 10 composition 
weight percent. 

9. A Seat belt pretensioner containing the gas generant 
composition of claim 1. 

10. An occupant restraint System device containing the 
gas generant composition of claim 1. 

11. A gas generant composition comprising: 
between about 25 and about 60 composition weight 

percent guanidine nitrate; 
between about 10 and about 55 composition weight 

percent copper diammine dinitrate; 
between about 0 and about 50 composition weight percent 
ammonium nitrate Supplemental oxidizer component; 

between about 2 and about 10 composition weight percent 
metal oxide burn rate enhancing and slag formation 
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additive Selected from the group consisting of SiO, 
AlOs and mixtures thereof; and 

between about 1 and about 20 composition weight percent 
potassium perchlorate gas generant additive. 

12. The gas generant composition of claim 11 wherein the 
composition has improved ignitability as compared to a 
Similar composition without the potassium perchlorate gas 
generant additive. 

13. The gas generant composition of claim 11 wherein, 
upon combustion, the composition produces a gas effluent 
having a lesser relative amount of NO, as compared to a gas 
effluent upon combustion of a similar composition without 
the potassium perchlorate gas generant additive. 

14. The gas generant composition of claim 11 wherein, 
upon combustion, the composition produces a gas effluent 
having a lesser relative amount of carbon monoxide as 
compared to a gas effluent upon combustion of a similar 
composition without the potassium perchlorate gas generant 
additive. 

15. The gas generant composition of claim 11 wherein the 
potassium perchlorate gas generant additive is present in an 
amount of between about 4 and about 10 composition 
weight percent. 

16. A Seat belt pretensioner containing the gas generant 
composition of claim 15. 

17. A Seat belt pretensioner gas generant composition 
comprising: 

between about 25 and about 60 composition weight 
percent guanidine nitrate; 

between about 10 and about 55 composition weight 
percent copper diammine dinitrate; 

between about 0 and about 50 composition weight percent 
ammonium nitrate Supplemental oxidizer component; 

between about 2 and about 10 composition weight percent 
metal oxide burn rate enhancing and slag formation 
additive Selected from the group consisting of SiO, 
AlO, and mixtures thereof; and 

between about 4 and about 10 composition weight percent 
potassium perchlorate gas generant additive. 

18. The Seatbelt pretensioner gas generant composition of 
claim 17 wherein the composition has improved ignitability 
as compared to a similar composition without the potassium 
perchlorate gas generant additive. 

19. The Seatbelt pretensioner gas generant composition of 
claim 17 wherein, upon combustion, the composition pro 
duces a gas effluent having a lesser relative amount of NO 
as compared to a gas effluent upon combustion of a similar 
composition without the potassium perchlorate gas generant 
additive. 

20. The Seatbelt pretensioner gas generant composition of 
claim 17 wherein, upon combustion, the composition pro 
duces a gas effluent having a lesser relative amount of 
carbon monoxide as compared to a gas effluent upon com 
bustion of a similar composition without the potassium 
perchlorate gas generant additive. 

21. A method of generating gas Suitable for use in an 
occupant restraint System of a motor vehicle, Said method 
comprising: 

directly igniting a reactant material including a fuel 
component containing between about 25 and about 60 
composition weight percent of a non-azide nitrogen 
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containing gas generating fuel, between about 10 and 
about 55 composition weight percent metal ammine 
nitrate oxidizer, between about 0 and about 50 compo 
Sition weight percent ammonium nitrate Supplemental 
oxidizer component, between about 2 and about 10 
composition weight percent metal oxide burn rate 
enhancing and slag formation additive, and between 
about 1 and about 20 composition weight percent 
potassium perchlorate gas generant additive. 

22. The method of claim 21 wherein the reactant material 
has improved ignitability as compared to a Similar compo 
Sition without the potassium perchlorate gas generant addi 
tive. 

23. The method of claim 21 wherein, upon combustion, 
the reactant material produces a gas effluent having a lesser 
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relative amount of NO as compared to a gas effluent upon 
combustion of a similar reactant material without the potas 
sium perchlorate gas generant additive. 

24. The method of claim 21 wherein, upon combustion, 
the reactant material produces a gas effluent having a lesser 
relative amount of carbon monoxide as compared to a gas 
effluent upon combustion of a similar reactant material 
without the potassium perchlorate gas generant additive. 

25. The method of claim 21 wherein the potassium 
perchlorate gas generant additive is present in the reactant 
material in an amount of between about 4 and about 10 
composition weight percent. 


