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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a gas produc-
ing composition applied to a gas producing apparatus
for an airbag, and more particularly, to a gas producing
composition which produces a predetermined gas to be
easily handled.

2. Description of Relevant Art

[0002] There is mainly used metal azide as gas pro-
ducing agent applied to an airbag, the agent specially
containing sodium azide (Na3N). The sodium azide itself
is difficult to handle, and it is popular to conduct a re-
search of gas producing agent which does not use it.
[0003] As a representative example, there was in-
vented and has been used gas producing agent of which
main component is a mixture of an organic compound
containing a lot of amino groups and nitrogen. For ex-
ample, there is gas producing agent for an airbag which
main components are ammonium nitrate, amino tetra-
zole (CH2NH4NH2), and binder ( Japanese Patent Ap-
plication Laid-Open Publication No. 10-130086 ). The
composition is superior in not using metal azide. It can
increases gas production amount per unit weight and
decreases solid residue to be produced. Weight of a fil-
ter components for filteration of the residue are lowered
and amount of gas producing agent can be smaller, and
a gas producing apparatus can be miniaturized, thus be-
ginning to put the agent into practical use.

SUMMARY OF THE INVENTION

[0004] This composition, however, uses an organic
compound, thus containing four chemical elements of
carbon, nitrogen, hydrogen, and oxygen naturally.
When the compound produces gas under high temper-
atures, undesirable nitric oxide, and/or carbon monox-
ide are produced. If the composition includes oxygen in-
creased to sufficiently oxidize carbon monoxide to be
changed to carbon dioxide, excessive oxygen reacts
with nitrogen, thus producing nitric oxide. On the other
hand, if the composition includes oxygen decreased to
reduce nitric oxide, there occurs phenomenon that car-
bon monoxide increases, thus cannot producing neither
at the same time.

[0005] After actuating an airbag, gas environment in-
side a vehicle needs that of no influence for a human
body, but it is very difficult to realize. Further, these gas
producing composition produces high temperature gas
during actuation of the airbag, so safety measure should
be installed to the inflator. This causes an airbag a more
complicate structure and factor for cost increase.
[0006] It is an object of the present invention to pro-
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vide a gas producing composition which does not sub-
stantially accompany undesirable gas produced such as
nitric oxide or ammonia.
[0007] Another object of the present invention is to
prepare gas producing compositions which produce
large amount of the gas production per unit weight of
the compositions and decrease residue produced from
the compositions.
[0008] The inventor investigated wholeheartedly and,
as a result, took notice to a gas producing composition
which was consisted of inorganic compound not basi-
cally containing carbon, thus completing the invention.
[0009] To achieve the object, a first aspect of the in-
vention provides a gas producing composition including:
ammonium nitrate (NH4;NO3); and metal nitride.
[0010] The gas producing composition, preferably,
further includes inorganic oxidizing agent.
[0011] The gas producing composition, preferably,
further includes metal powder.
[0012] Theinorganic oxidizing agentis, preferably, in-
organic nitrate.
[0013] The metal nitride, preferably, is nitride contain-
ing boron (B), silicon (Si), aluminum (Al), or mixture
thereof.
[0014] The ammonium nitrate, preferably, is within a
range between 10% and 95% by weight, the metal ni-
tride is within a range between 5% and 30% by weight,
and the inorganic oxidizing agent is within a range be-
tween 0% and 50% by weight. The gas producing com-
position is adapted for production of a predetermined
gas containing an oxygen gas. The inorganic oxidizing
agent, preferably, is within a range between 1% and
15% by weight and, further preferably, within a range
between 3% and 10% by weight. In order to generate
the gas which does not contain large amount of the wa-
ter (less than 25% water) and increase the amount of
the gas production per unit weight, following composi-
tions are preferable.
[0015] The ammonium nitrate is, preferably, within a
range between 50% and 70% by weight, and the metal
nitride is boron nitride within a range between 30% and
50% by weight.
[0016] The ammonium nitrate is, preferably, within a
range between 40% and 60% by weight, metal nitride is
silicon nitride within a range between 25% and 40% by
weight and boron nitride within a range between 10%
and 15% by weight, and the inorganic oxidizing agent is
potassium nitrate within a range under 20.0% by weight.
[0017] The ammonium nitrate is, preferably, about
50% by weight, metal nitrate is silicon nitride within a
range between 20% and 30% by weight, and boron ni-
tride is about 10% by weight, the inorganic oxidizing
agent is strontium nitrate within a range between 10%
and 20% by weight.
[0018] A second aspect of the invention provides a
gas producing composition includes: main agent which
contains boron nitride and ammonium nitrate; and

one of oxidizing agent, metal nitride, and metal
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powder which is mixed with the main agent. The gas
producing composition is adapted for production of wa-
ter not more than 25% by weight relative to production
of all gas.

[0019] According to the gas producing compositions
of the invention, the compositions did not produce mon-
oxide at all which had been produced by a conventional
gas producing agent. Concentration of nitric oxide de-
creased to minimum 1/10 and maximum 1/1000 com-
pare to that in the gas produced from existing gas pro-
ducing agent. Further, it was found that compound of
compositions were capable of reducing production of
water or producing oxygen. In addition, it was found that
gas production per unit weight was equal to or more than
twice than that of conventional one.

BRIEF DESCRIPTION OF THE ACCOMPANYING
DRAWINGS

[0020] The above and further objects and novel fea-
tures of the present invention will more fully appear from
the following detailed description when the same is read
in conjunction with the accompanying drawings, in
which:

Fig. 1 is a schematic view of a combustion contain-
er;
Fig. 2 shows results of two and three component-
system containing ammonium nitrate and boron ni-
tride;
Fig. 3 shows results of compositions in which a
combination of silicon nitride and aluminum nitride
or boron nitride and further a metal powder of Si or
Al was used as reducing agent and single ammoni-
um nitrate or mixture oxidizing agent containing am-
monium nitrate and potassium nitrate was used as
oxidizing agent;
Fig. 4 shows results of compositions in which a
combination of silicon nitride and boron nitride or a
metal powder of Al and B was used as reducing
agent and mixture of ammonium nitrate and stron-
tium nitrate was used as oxidizing agent;
Fig. 5 shows results of compositions in which alu-
minum nitride, single ammonium nitrate, or mixture
oxidizing agent of ammonium nitrate and potassium
nitrate was used; and
Fig. 6 shows results of comparative examples.
[0021] Inabove-Figs, character"-" means the compo-
nent is not included and "nd" means the component is
not detected.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] There will be detailed below the preferred em-
bodiments of the present invention with reference to the
accompanying drawings.
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Embodiments are
[0023]

(1) a gas producing composition which includes am-
monium nitrate (NHy;NO3) and metal nitride;

(2) a gas producing composition which includes am-
monium nitrate (NH4;NO3), metal nitride, and inor-
ganic oxidizing agent;

(3) a gas producing composition which includes am-
monium nitrate (NH4NO3), metal nitride, inorganic
oxidizing agent, and metal powder.

(4) the gas producing composition according to (2)
or (3), in which inorganic oxidizing agent is inorgan-
ic nitrate;

(5) the gas producing composition according to (1)
to (4), in which the metal nitride is nitride containing
boron (B), silicon (Si), aluminum (Al), or mixture
thereof; and

(6) a gas producing composition which includes
main agent which contains boron nitride and ammo-
nium nitrate, and one of oxidizing agent, metal ni-
tride, and metal powder which is mixed with the
main agent, the gas producing composition being
adapted for production of water not more than 25%
by weight relative to production of all gas; and

(7) a gas producing composition which has ammo-
nium nitrate between 10% and 95% by weight, met-
al nitride between 5% and 30% by weight, and in-
organic oxidizing agent between 0% and 50% by
weight, the gas producing composition being adapt-
ed for production of a predetermined gas containing
an oxygen gas.

[0024] The embodiments are explained in detail. Am-
monium nitrate applied to the embodiments is not re-
stricted especially. In general, ammonium nitrate for in-
dustry, fine crystal granular ammonium nitrate, or phase
stabilizing ammonium nitrate containing metal oxide
such as potassium nitrate or nickel oxide between 3%
and 10% by weight as phase stabilizing agent may be
preferable for example. Metal nitride may be boron ni-
tride, aluminum nitride, silicon nitride, strontium nitride,
calcium nitride, chromium nitride, titanium nitride, cop-
per nitride, magnesium nitride, or zirconium nitride, for
example. Among them, from a view of stability or price,
boron nitride, aluminum nitride, or silicon nitride may be
preferable. It is noted that sodium azide is distinguished
from nitride and nitride in the embodiments does not in-
clude the metal azide.

[0025] In case of including metal nitride and ammoni-
um nitrate, the mixture ratio may be the ammonium ni-
trate within a range between 20% and 95% by weight,
or, preferably, between 40% and 90% by weight, and
the metal nitride within a range between 5% and 80%
by weight, or, preferably, between 10% and 60% by
weight. If the ammonium nitrate is more than this rang-
es, production of oxygen increases and gas having ten-
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dency to cause a fire is produced. If the ammonium ni-
trate is less than this ranges, supply amount of oxygen
decreases, and metal nitride reduces water, thus pro-
ducing a lot of hydrogen gas.

[0026] Itis said that hydrogen is less toxic for human
body, however, produce explosion tendency gas or
combustion tendency gas by mixing with air.

Explosion gas of three components of oxygen-nitrogen-
hydrogen does not explode or burn under not more than
4% of hydrogen. Under more than 4% of hydrogen, it
become combustion gas, and, under much more than 4
% of hydrogen, it become "mixture gas" which shows
explosion tendency. It is considered that hydrogen
amount from gas producing agent may preferably be not
more than 6% to 7%, depending on mixing amount of air.
[0027] In gas producing compound of the embodi-
ments, ammonium nitrate is basically a main component
for gas producing source. It has a role as oxidizing agent
and metal nitride is reducing agent, thus oxidation-re-
duction reaction being made use of. Therefore, there
can be added other oxidizing agent not including hydro-
gen, such as inorganic nitrate or perchlorate including
sodium, potassium, or strontium, which generally has
oxidizing action. Nitrate may preferably be due to both
having a role as oxidizing agent and producing nitrogen.
Metal nitrate does not include hydrogen, and is able to
control production of water. The inorganic oxidizing
agent, preferably, is within a range between 1% and
15% by weight or, further preferably, within a range be-
tween 3% and 10% by weight. Since the inorganic oxi-
dizing agent tends to produce burned residue and has
tendency to deteriorate efficiency of gas production,
smaller amount of the agent is better. Metal nitride is
applied to reducing agent and more than two kinds of
metal nitrides may be mixed with each other to be used.
Further, there may be mixed metal powder having re-
ducing action, such as aluminum, magnesium, magnal-
ium (Mg-Al alloy), silicon, or boron. In this case, ammo-
nium nitrate may be contained equal to or more than 10
% or, preferably, 20 %. Adding metal powder makes
combustion temperature higher, thus promoting to de-
compose metal nitride. Metal powder may be added
within a range between 0 % and 10 % or, preferably,
between 0 % and 4 %. When exceeding these ranges,
the amount of gas production per unit weight tends to
decrease, and small amount of it is desirable.

[0028] In general, ammonium nitrate, metal nitride,
oxidizing agent, and reducing tendency metal used for
the embodiments are granulated or powdered. After
mixing these with each other, the mixture is formed by
pressure molding or granulation molding in a predeter-
mined shape, such as a flake-shape, a disc-shape, a
tablet, a annular shape, a granule, thus being filled in a
gas producing apparatus for an airbag. In the case of
performing this forming, there may be added binder to
help forming and adhering, such as water glass, silicon
oxide, or very small amount of organic binder. Further,
inorganic binder may be preferably selected. There may
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be added catalyst to adjust combustion property, such
as metal oxide including copper, iron, cobalt, or nickel,
or alkali metal perchlorate.

[EXAMPLES]

[0029] 2% (external proportion) of water glass as an
aqueous solution was added to the formulations shown
in the composition column of Figs. 2 to 5 and the mixture
was air-dried until the water content was reduced to the
level enabling granulation. The dried mixture was
placed on a 30 mesh stainless wire net and pressed by
a rubber plate to granulate into a granular form. The
granulated substance was extended thinly on paper and
dried at 70°C until the water content was reduced to
0.1% or less to produce each composition in an amount
of 5 g or more. While, a combustion container (made of
iron) which had a content volume of 10 ml and in which
60 through-holes having a diameter of 1.5 mm were
opened was prepared on the external peripheral portion
of a 20 mm diameter cylinder having a wall thickness of
2 mm and provided with one side bottom as shown in
Fig. 1 and an 8-micron thick aluminum foil was placed
so0 as to seal peripheral holes (not shown). About 5 g of
the granular product which was exactly weighed was
placed on the aluminum foil. A screw for assembling an
ignition device was disposed at the opening end of the
combustion container. The ignition device (made of iron)
was provided with a screw fitting to the combustion con-
tainer and a convex portion having an inside diameter
of 7 mm, a wall thickness of 2 mm and a depth of 17
mm. On the bottom of the convex portion, a through-
hole for penetrating a lead wire of a fuse head with lead
was provided. The fuse head with a lead wire was dis-
posed in the convex portion. 0.1 g of an ignition charge,
as major components, 55% of zirconium and 45% of po-
tassium perchlorate was placed around the fuse head
and an aluminum adhesive tape was applied to the
opening end. This ignition device was attached to the
combustion container using the screw to produce a
combustor assembly. A pressure withstanding vessel
was produced to attain combustion in the combustor as-
sembly. The cylindrical pressure vessel (made of stain-
less) has a proof pressure of 50 MPa and a content vol-
ume of 1000 ml and provided with a lid which could be
secured by a quarter round threaded screw, a threaded
hole for fitting up a thermocouple, a gas exhaust pipe
with a valve, a threaded hole to which a sensor meas-
uring internal pressure could be set and a terminal which
could apply ignition current from the outside of the ves-
sel. The thermocouple was formed of a platinum/plati-
num alloy (0.05 mm diameter), attached to the lid and
connected to a direct current amplifier. A pressure gage
was a strain gage type sensor and was connected to a
strain gage amplifier. Each output of the direct current
amplifier and strain gage amplifier were designed so
that recording could be made by connecting it to a re-
corder which could record the output as a function of
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time. The combustor assembly was placed in the vessel.
After the lead wire of the fuse head was connected to
the inside portion of the terminal applying ignition cur-
rent, the pressure vessel was sealed by rotating the lid
by a quarter round. Thereafter, vacuum horse, which is
connected to a vacuum pump and argon gas bump, was
attached to the end of the gas exhaust pipe with valve.
This was also provided with a charge valve enabling ar-
gon to be filled vacuum. The valve was opened to create
vacuum and argon gas was introduced into up to atom-
osphere pressure into the pressure vessel, thereby sub-
stituting the air to argon in the pressure vessel and
thereafter the valve was closed.

[0030] Prior to this experiment, a gas chromatograph
with two packed column was prepared in which one
packed column was used to measure nitrogen and ox-
ygen (argon gas could also be measured) by using he-
lium as a carrier gas and another packed column was
used to measure hydrogen by using nitrogen as a carrier
gas. Each gas with a standard concentration was intro-
duced to produce a calibration curve or line. Also, in con-
sideration of the presence of undesired gases including
nitrogen oxide and ammonia, a detector tube (manufac-
tured by Gastech Co.) capable of measuring these gas-
es and a device for the detector tube were prepared.
[0031] After completion of these preparations, one
end of the lead wire used for applying ignition current
was connected to a terminal used for applying ignition
current disposed outside the pressure vessel and the
other end was connected to a blasting machine. Then,
the direct current amplifier, the strain gage amplifier and
the recording device were made to work to apply ignition
current. Each pressure at two temperature points of
500°C and 90°C was afterwards measured. In each vi-
cinity of these temperatures, temperature cooling rate
was so gentle that temperature and pressure were
measured with relative accuracy. Also, since the pres-
sure data at 90°C was obtained after almost all water
was condensed, it was considered that the remainder
was only nitrogen, oxygen, hydrogen and argon which
was initially filled and hence the total mol number of
these three types of gas was calculated. At this time,
although the presence of the gas dissolved in the con-
densed water was expected, it was neglected because
the gas had high temperature and small solubility. The
gas was supposed to be ideal gas. As for the pressure
data obtained at 500°C, in turn, water was expected to
be in a gas state, the gas was supposed to be ideal gas
to calculate the total mol number of the mixture gas and
a difference between this total mol number and the
above total mol number measured at 90°C was defined
as the mol number of the water (steam). In parallel to
these measurements, each measurement of derivative
gas by using the detector tube and the concentration of
the major gas by using gas chromatography were made.
From these results, each weight of the gas components
other than water can be calculated. Also, from the mol
number of water, its weight was calculated. Thus the ra-
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tio (%) by weight of each component can be obtained
and each amount of produced gases per unit weight can
be calculated.

[0032] The results of these measurements and calcu-
lations are shown in Figs. 2 to 5.

[0033] Fig. 2 shows results of two and three compo-
nent-system containing ammonium nitrate and boron ni-
tride.

[0034] Two component-system included ammonium
nitrate within a range between 50.0% and 95.0% by
weight and boron nitride within a range between 5.0%
and 50.0% by weight. Three component-system includ-
ed ammonium nitrate within a range between 15.0% and
70.0% by weight, boron nitride of 25.0% by weight, and
potassium nitrate within a range between 5.0% and
60.0% by weight. The two and three component-system
obtained good results.

[0035] Fig. 3 shows the results of compositions in
which a combination of silicon nitride and aluminum ni-
tride or boron nitride and further metal powder of Si and
Al was used as reducing agent and single ammonium
nitrate or mixture oxidizing agent containing ammonium
nitrate and potassium nitrate was used as oxidizing
agent.

[0036] Three component-system included ammoni-
um nitrate within a range between 50.0% and 70.0% by
weight, silicon nitride within a range between 15.0% and
40.0% by weight, and metal nitride (AIN or BN) within a
range between 5.0% and 15.0% by weight. Four com-
ponent-system included ammonium nitrate within a
range between 20.0% and 65.0% by weight, silicon ni-
tride within a range between 20.0% and 33.0% by
weight, potassium nitrate within a range under 40.0%
by weight, and metal powder or metal nitride within a
range between 4.0% and 15.0% by weight. Both of the
three and four component-system compounds obtained
good result.

[0037] Fig. 4 shows results of compositions in which
a combination of silicon nitride and boron nitride or a
metal powder of Al and B was used as a reducing agent
and mixture of ammonium nitrate and strontium nitrate
was used as oxidizing agent.

[0038] Four component-system included ammonium
nitrate within a range between 45.0% and 65.0% by
weight, silicon nitride within a range between 20.0% and
31.0% by weight, strontium nitrate within a range be-
tween 10.0% and 20.0% by weight, and metal powder
or metal nitride within a range between 3.0% and 10.0%
by weight. The four component-system compounds ob-
tained good result.

[0039] Fig. 5 shows results of compositions in which
aluminum nitride, single ammonium nitrate, or mixture
oxidizing agent of ammonium nitrate and potassium ni-
trate was used.

[0040] Two component-system included ammonium
nitrate within a range between 70.0% and 90.0% by
weight, and aluminum nitride within a range between
10.0% and 30.0% by weight. Three component-system



9 EP 1000917 A1 10

included ammonium nitrate within a range between
60.0% and 70.0% by weight, aluminum nitride within a
range between 10.0% and 20.0% by weight, and potas-
sium nitrate of 20.0% by weight. Both of the three and
four component-system obtained good results.

[0041] Incidentally, the "Solid" in Figs. 2 to 5 is a solid
substance left after the gas producing-agent is com-
pletely burned.

[0042] As is seen from the results of the examples, it
is surprised to find in almost all compositions that nitro-
gen oxide is extremely small and even if in the case of
oxygen gas concentration is very high (No. 10 to No.
12). That is, compounds preferably have compositions
including ammonium nitrate within a range between
15.0% and 95.0% by weight, boron nitride within arange
between 5.0% and 25.0% by weight, and potassium ni-
trate within a range under 60.0% by weight.

[0043] Also, compositions (No.1 to No.4, No.37, No.
39to No.41, No.68 and No.70) to produce small amount
of water which is desired level to keep clean and safety
of the crew when an airbag actuates and the amount of
the produced gas per unit weight was greater than those
of conventional product were found, whereby the prob-
lem was solved. That is, compositions including ammo-
nium nitrate within a range between 50.0% and 70.0%
by weight, and boron nitride within a range between
30.0% and 50.0% by weight (No.1 to No.4). Composi-
tions are including ammonium nitrate within a range be-
tween 40.0% and 60.0% by weight, silicon nitride within
a range between 25.0% and 40.0% by weight, potassi-
um nitrate within a range under 20.0% by weight, and
boron nitride within a range between 10.0% and 15.0%
by weight (No.37 and No. 39 to NO. 41). Compositions
are including about 50% by weight of ammonium nitrate,
silicon nitride within a range between 20.0% and 30.0%
by weight, strontium nitrate within a range between
10.0% and 20.0% by weight, and about 10% by weight
of boron nitride (NO.68 and No.70).

[0044] Note 1: Comparative Example, h1 is a com-
pound according to Japanese Patent Application Laid-
Open No. 6-239683. It is to be noted that the amount of
the produced gas is a theoretical value in a formulation
according to a stoichiometrically ratio.

[0045] Note 2: Comparative Example, h2 is a com-
pound according to Japanese Patent Application Laid-
Open No. 10-130086, Example 1.

[0046] While preferred embodiments of the present
invention have been described using specific terms,
such description is for illustrative purposes, and it is to
be understood that changes and variations may be
made without departing from the spirit or scope of the
following claims.

Claims

1. A gas producing composition comprising:
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ammonium nitrate (NH,NOs); and
metal nitride.

2. A gas producing composition according to claim 1,
further comprising:
inorganic oxidizing agent.

3. A gas producing composition according to claim 2,
further comprising:
metal powder.

4. A gas producing composition according to claim 2,
wherein the inorganic oxidizing agent is inor-
ganic nitrate.

5. A gas producing composition according to claim 1,
wherein the metal nitride is nitride containing boron
(B), silicon (Si), aluminum (Al), or mixture thereof.

6. A gas producing composition comprising:

main agent containing boron nitride and ammo-
nium nitrate; and

one of oxidizing agent, metal nitride, and metal
powder mixed with the main agent,

the gas producing composition being adapted
for production of water not more than 25% by
weight relative to production of all gas.

7. A gas producing composition according to claim 2,

wherein the ammonium nitrate is between 10%
and 95% by weight, the metal nitride is between
5% and 30% by weight, and the inorganic oxi-
dizing agentis between 0% and 50% by weight,
the gas producing composition being adapted
for production of a predetermined gas contain-
ing an oxygen gas.

8. A gas producing composition according to claim 2,
wherein the ammonium nitrate is within a
range between 10% and 95% by weight, the metal
nitride is within a range between 5% and 30% by
weight, and the inorganic oxidizing agent is within

a range between 1% and 15% by weight.

9. A gas producing composition according to claim 1,

wherein the ammonium nitrate is within a

range between 50% and 70% by weight, and the

metal nitride is boron nitride within a range between
30% and 50% by weight.

10. A gas producing composition according to claim 2,
wherein the ammonium nitrate is within a

range between 40% and 60% by weight, metal ni-
tride is silicon nitride within a range between 25%
and 40% by weight and boron nitride within a range
between 10% and 15% by weight, and the inorganic



1.

11 EP 1000917 A1

oxidizing agent is potassium nitrate within a range
under 20% by weight.

A gas producing composition according to claim 3,

wherein the ammonium nitrate is 50% by
weight, metal nitride is silicon nitride within a range
between 20% and 30% by weight, and boron nitride
is 10% by weight, the oxidizing agent is strontium
nitrate within a range between 10% and 20% by
weight.
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