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(54) AIR BAG GAS-GENERATING COMPOSITION WITH ONLY A SMALL AMOUNT OF RESIDUE

(57) A gas generating composition for use in an air
bag generating a large volume of gases and forming
less amount of solid and liquid particles (residues) upon
burning and capable of downsizing a gas generator.

A gas generating composition comprising an oxi-
dizer comprising a mixture comprising a phase stabi-
lized ammonium nitrate (PSAN), and nitroguanidine as
essential ingredients wherein the content of nitroguani-
dine in the composition is 35% by weight or less.
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Description

TECHNICAL FIELD:

[0001] The present invention concerns a gas generating composition for use in an air bag. More specifically, it
relates to a gas generating composition with less residues for use in an air bag which forms an operation gas in an air
bag system mounted in traffic facilities such as automobiles and used for protecting passengers.

BACKGROUND OF THE INVENTION:

[0002] At present, gas generating base agents used generally for air bag systems include inorganic azide com-
pounds, particularly, sodium azide. Compositions comprising such inorganic azide compounds have no particular prob-
lems in view of burning characteristics and are generally put to practical use at present. However, sodium azide
essentially has various undesired properties. For example, it is an extremely toxic substance and, further, sodium azide
readily reacts with a heavy metal such as copper or lead to form a highly sensitive compound tending to cause abrupt
ignition or explosion. Accordingly, a special handling is required for production, storage and disposal of such composi-
tions.
[0003] In order to compensate such drawbacks, so-called non-azide gas generating agents have been proposed as
replacements for sodium azide. For example, JP-A 3-208878 discloses a composition comprising, as essential ingredi-
ents, tetrazole, triazole or a metal salt thereof and an oxygen-containing oxidizer such as an alkali metal nitrate. In the
composition, although the toxicity is remarkably reduced compared with the azide type composition, the gas generating
efficiency is not so high since a great amount of solid and liquid particles are still contained in exhaust products.
[0004] Further, a gas generating agent comprising a phase stabilized ammonium nitrate (PSAN) and nitrogen-con-
taining compound such as triaminoguanidine nitrate is disclosed in the specification of WO95/04710. Further, a gas
generating agent comprising a mixture of ammonium nitrate phase-stabilized with 7 to 20% by weight of a potassium
salt and nitroguanidine is disclosed in US-A 5,545,272 and WO96/27574. Such compositions enable to increase the
gas generating efficiency upon burning to a high level. However, heat of combustion is rather great and theoretical com-
bustion temperature exceeds 2500K, and CO and NOx gases at high concentrations are generated.
[0005] Nitrogen-containing compounds have a drawback that the heat of combustion is greater and the combustion
temperature is higher compared with those of azide compounds in general combustion, when using an oxidizer in a sto-
ichiometrical amount, that is, in an amount sufficient to form oxygen required for burning of carbon, hydrogen and other
elements in the compound. There is a possibility that excessively high combustion temperature generates CO and NOx
gases by an amount much more than an allowable value to a human body. Further, if a great amount of a metal com-
pound (for example, metal oxide) is used in the gas generating composition, solid and liquid particles formed dis-
charged from a gas generator may hit directly against a bag to possibly break the bag. Additional parts are required for
confining such particles in the gas generator, which makes it difficult to down size the gas generator itself. That is, it can
be said that an excellent gas generating agent has characteristics of low combustion temperature at combustion, gen-
erating a large volume of gases and generating small amount of solid and liquid particles. Accordingly, known gas gen-
erating compositions described above are not yet satisfactory for application use to air bag systems.

DISCLOSURE OF THE INVENTION:

[0006] The present inventors have made earnest studies for solving the foregoing problems and have accom-
plished the present invention.
[0007] That is, the present invention provides a gas generating composition which generates less residues and a
great amount of gases by combustion for inflating an air bag suitable to various purposes including the use as a shock
absorbing safety bag for traffic facilities such as automobiles, wherein the composition comprises an oxidizer compris-
ing a mixture comprising a phase stabilized ammonium nitrate (PSAN) and nitroguanidine as essential ingredients and
the content of nitroguanidine in the composition is 35% by weight or less.
[0008] In the gas generating composition according to the present invention, the amount of residues generated is
decreased compared with gas generating compositions disclosed so far and the use of the gas generating composition
according to the present invention can remarkably decrease the number and the amount of additional parts for remov-
ing residues, to make way to the downsize of a gas generator itself.

PREFERRED EMBODIMENT OF THE INVENTION:

[0009] The gas generating composition according to the present invention suppresses the formation of solid resi-
dues as much as possible thereby enabling to remarkably decrease the number and the amount of additional parts
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compared with conventional gas generators, by utilizing the features that ammonium nitrate is entirely converted into
non corrosive gases without forming solid residues upon combustion and generating no corrosive gases such as chlo-
rine and hydrogen chloride.

[0010] In the present invention, the combustion temperature can be lowered by about 150 to 300K and the heat of
combustion can also be reduced to some extent compared with the existent compositions, by defining the content of
nitroguanidine to 35% by weight or less, preferably, 5 to 33% by weight in the composition. Lowering of the combustion
temperature is advantageous for decreasing toxic CO and NOx gases. Further, low combustion temperature and less
heat of combustion are also advantageous for reducing additional parts in a gas generator.
[0011] Table 1 shows the result of theoretical calculation for the combustion temperature and the heat of combus-
tion with respect to the composition of the present invention in which nitroguanidine is blended by 35% by weight or less
and an conventional composition.
[0012] In Table 1, PSANKP10 indicates a phase stabilized ammonium nitrate comprising 90% by weight of ammo-
nium nitrate and 10% by weight of potassium perchlorate and NQ indicates nitroguanidine.
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[0013] Pure ammonium nitrate causes phase transition with about 3% volumic change when passing a temperature
of 32°C. Great volumic change of a molding product may possibly cause occurrence of abnormal combustion or burning
which is not desirable for a gas generating agent. Accordingly, a phase stabilized ammonium nitrate is used in the
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present invention.

[0014] For the phase stabilized ammonium nitrate used in the present invention, a mixture of 98 to 70% by weight
of ammonium nitrate and 2 to 30% by weight of a phase stabilizer is preferred. It has been known generally to stabilize
the phase of ammonium nitrate, for example, by introducing potassium cations into crystal lattices of ammonium nitrate.
In the present invention, it is preferred to use at least one compound selected from the group consisting of organic or
inorganic potassium salts being soluble in hot water. Phase transition of ammonium nitrate can be prevented by blend-
ing a phase stabilizer in an amount of 2% by weight or more in the phase stabilized ammonium nitrate. However, since
an excessive blending amount of the phase stabilizer is disadvantageous for the purpose of decreasing solid residues,
the blending amount of the phase stabilizer in the phase stabilized ammonium nitrate is preferably about from 2 to 30%
by weight.
[0015] The organic or inorganic potassium salts being soluble in hot water used as the phase stabilizer in the
present invention can include at least one compound selected from the group consisting of potassium nitrate, potas-
sium perchlorate, potassium sulfate, potassium chloride, potassium chlorate, potassium chromate, potassium bichro-
mate, potassium permanganate and potassium oxalate.
[0016] The gas generating composition according to the present invention comprises an oxidizer comprising a mix-
ture comprising the phase stabilized ammonium nitrate, and the oxidizer according to the present invention is preferably
blended with an oxygen-containing oxidizer, a metal oxide or a mixture thereof in addition to the phase stabilized ammo-
nium nitrate.
[0017] The oxygen-containing oxidizer used in the present invention can include, for example, at least one com-
pound selected from the group consisting of alkali metal salts, alkaline earth metal salts and ammonium salts of nitric
acid, perchloric acid and chloric acid and, specifically, they include potassium perchlorate, ammonium perchlorate,
potassium chlorate, potassium nitrate, sodium nitrate and strontium nitrate.
[0018] The metal oxide used in the present invention can include oxides or composite oxides of metals selected
from the group consisting of copper, cobalt, iron, manganese, nickel, chromium, zinc, molybdenum and bismuth.
[0019] The blending amount of the phase stabilized ammonium nitrate in the composition of the present invention
is preferably from 60 to 85% by weight. Further, the blending amount of the oxygen-containing oxidizer, metal oxide or
a mixture thereof in the composition according to the present invention is preferably from 0 to 25% by weight.
[0020] In the composition of the present invention, a combustion rate accelerating catalyst is preferably blended for
accelerating the combustion rate. The combustion rate accelerating catalyst used in the present invention can include
at least one compound selected from the group consisting of powdery copper, copper compounds, iron compounds,
nickel compounds and chromium compounds. The copper compound used in the present invention can include, for
example, copper oxide and copper chromite, the iron compound can include, for example, iron oxide, ferrocene and a
derivative thereof, the nickel compound can include, for example, nickel oxide and tire chromium compound can include,
for example, chromium oxide, ammonium bichromate and potassium bichromate. The blending amount of the combus-
tion rate accelerating catalyst in the composition according to the present invention is preferably 10% by weight or less.
[0021] In the present invention, the combustion rate of the composition can be selected properly within a wide
range by blending the oxygen-containing oxidizer, the metal oxide or the combustion rate accelerating catalyst as
described above. Further, the shape, the grain size and the like of the oxidizer or the catalyst can be selected properly.
[0022] The gas generating composition according to the present invention can comprise an organic or inorganic
binder by 20% by weight or less for forming and maintaining a molding product. A powdery mixture can be molded into
a molding product by the addition of such organic or inorganic binder. There is no particular restriction for the kind of
the binder and usual organic or inorganic binders can be used within a range not deteriorating the performance of the
gas generating agent. Specific examples of the organic or inorganic binder can include organic binders such as sodium
salt of carboxymethyl cellulose, cellulose acetate, starch, polyvinyl alcohol and sodium polyacrylate, and inorganic bind-
ers such as sodium silicate, bentonite, glass fiber and silicon rubber. The amount of the binder used is preferably 20%
by weight or less since use of an excessive amount deteriorates the performance of the gas generating agent. Further,
it has been well-known that combustion behavior of the gas generating agent essentially undergoes the effect of a geo-
metrical structure of a molding product in combustion, and the gas generating composition of the present invention may
be molded into an optimal geometrical structure depending on the composition selected, with no particular restriction.

EXAMPLES:

[0023] The present invention is to be explained specifically with reference to examples and comparative examples,
but the present invention is not restricted only to such examples.
[0024] In the example "%" is on the weight basis unless otherwise specified.
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Synthesis Example 1

(Preparation of Phase Stabilized Ammonium Nitrate)

[0025] A solution prepared by dissolving a mixture of 90% of ammonium nitrate (AN) and 10% of potassium per-
chlorate (KClO4) under stirring into a sufficient amount of distilled water was put in a heat drier at about 85°C (preferably
under reduced pressure) to evaporate water. After evaporation of most of water, formed solids were distributed thinly on
a stainless steel tray and dried thoroughly at about 85°C. Drying products were collected and ground in a mortar so as
to pass a 300 µm sieve. It was confirmed if the phase stabilized ammonium (PSAN) was formed or not and whether it
was homogeneous or not by detecting thermally varying peaks and the content of ammonium nitrate of products by TG-
DTA. As a result of TG-DTA analysis for the phase stabilized ammonium nitrate thus obtained (hereinafter simply
referred to as PSANKP10, AN/KClO4 (weight ratio) = 90/10), a peak at about 53°C characteristic to DTA of usual ammo-
nium nitrate containing products disappeared and a new peak appeared at a position for 113°C. As a result of TG anal-
ysis, the ammonium nitrate content was 90%.

Example 1

[0026] A powder of a composition formed by blending 70% of PSANKP10 (AN/KClO4 = 90/10) obtained in Synthe-
sis Example 1 and 30% of nitroguanidine was thoroughly mixed in a dry process, and a powdery product was compres-
sion molded into a strand of about 12.7 mm height and about 10 mm diameter by a oil pressure cylinder at a pressure
of 100 kg/cm2. The strand was coated with a non-combustible epoxy type resin. When the combustion rate was meas-
ured under a nitrogen pressure of 70 kg/cm2, the strand showed a combustion rate of 7.6 mm/s. The composition
showed a theoretical combustion temperature of 2158K and a theoretical residue (amount of metal compound formed
per 100 g of composition) of 3.8 g.

Example 2

[0027] A composition formed by blending 69.5% of PSANKP10 obtained in Synthesis Example 1, 30% of nitrogua-
nidine and 0.5% of copper oxide was thoroughly mixed in a dry process, and a strand was prepared in the same manner
as in Example 1. The combustion rate of the strand measured under a nitrogen pressure of 70 kg/cm2 was 11.5 mm/s.
The composition showed a theoretical combustion temperature of 2151K and the theoretical amount of residues was
4.1 g.

Example 3

[0028] A composition formed by blending 64% of PSANKP10, 30% of nitroguanidine, 5.0% of sodium salt of car-
boxymethyl cellulose and 1.0% of copper oxide was thoroughly mixed in a dry process, and a strand was prepared in
the same manner as in Example 1. The combustion rate of the strand measured under a nitrogen pressure of 70 kg/cm2

was 11.3 mm/s. The composition showed a theoretical combustion temperature of 2435K and the theoretical amount
of residue was 4.8 g.

Claims

1. A gas generating composition comprising an oxidizer comprising a mixture comprising a phase stabilized ammo-
nium nitrate (PSAN), and nitroguanidine as essential ingredients, wherein the content of nitroguanidine of the com-
position is 35% by weight or less.

2. A gas generating composition as defined in claim 1, wherein the phase stabilized ammonium nitrate (PSAN) com-
prises a mixture of 98 to 70% by weight of ammonium nitrate and 2 to 30% by weight of a phase stabilizer.

3. A gas generating composition as defined in claim 2, wherein the phase stabilizer is at least one compound selected
from the group consisting of organic or inorganic potassium salts being soluble in hot water.

4. A gas generating composition as defined in claim 3, wherein the organic or inorganic potassium salt being soluble
in hot water is at least one compound selected from the group consisting of potassium nitrate, potassium perchlo-
rate, potassium sulfate, potassium chloride, potassium chlorate, potassium chromate, potassium dichromate,
potassium permanganate and potassium oxalate.
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5. A gas generating composition as defined in claim 1, wherein the oxidizer comprises a phase stabilized ammonium
nitrate (PSAN), and an oxygen-containing oxidizer, a metal oxide or a mixture thereof.

6. A gas generating composition as defined in claim 5, wherein the oxygen-containing oxidizer is at least one com-
pound selected from the group consisting of alkali metal salts, alkaline earth metal salts and ammonium salts of
nitric acid, perchloric acid and chloric acid.

7. A gas generating composition as defined in claim 5 or 6, wherein the metal oxide comprises an oxide or a compos-
ite oxide of a metal selected from the group consisting of copper, cobalt, iron, manganese, nickel, chromium, zinc,
molybdenum and bismuth.

8. A gas generating composition as defined in claim 1, further comprising a combustion rate accelerating catalyst by
10% by weight or less.

9. A gas generating composition as defined in claim 8, wherein the combustion rate accelerating catalyst is at least
one compound selected from the group consisting of powdery copper, copper compound, iron compound, nickel
compound and chromium compound.

10. A gas generating composition as defined in claim 1 further comprising an organic or inorganic binder by 20% by
weight or less.
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