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GAS GENERATING COMPOSITION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of copending
application Ser. No. 13/985,450, filed on Aug. 14, 2013,
which was filed as a national phase of PCT International
Application No. PCT/JP2012/057257 on Mar. 22, 2012,
which claims the benefit under 35 U.S.C. §119(a) to Patent
Application No. 2011-063872, filed in Japan on Mar. 23,
2011 and Patent Application No. 2011-100664, filed in
Japan on Apr. 28, 2011, all of which are hereby expressly
incorporated by reference into the present application.

TECHNICAL FIELD

[0002] The present invention relates to a gas generating
composition that has a low combustion temperature and
excellent ignition ability.

BACKGROUND ART

[0003] When a gas generating agent is used in an inflator
for use in a safety apparatus for a vehicle such as a airbag
apparatus disposed in a vehicle, it is very important to
improve ignition ability of the gas generating agent in order
to ensure product reliability.

[0004] And, it is important to decrease the combustion
temperature of the gas generating agent because the heat
load on the coolant disposed in the inflator can be reduced
and an amount of a coolant can be decreased.

[0005] However, where the combustion temperature of the
gas generating agent is decreased too much, the ignition
ability is degraded. Therefore, it is desirable to decrease the
combustion temperature and obtain excellent ignition ability
at the same time.

[0006] A stable force to deploy a bag is required in
inflators for airbag apparatuses, but a burning rate of a gas
generating agent which burns inside an inflator is known to
change in a range of a power of the pressure index n
according to the following formula under the effect of
pressure change inside the inflator:

r=aP”

(where r is a burning rate, a is a constant (a value inherent
to the gas generating composition), P is a pressure inside the
inflator, and n is a pressure index (a value inherent to the gas
generating composition)).

[0007] Where a gas generating agent has a large index n,
a burning rate of the gas generating agent changes signifi-
cantly because of pressure change inside the inflator, thereby
also causing a significant change in an amount of gas
generated by the combustion of the gas generating agent.
[0008] In such a case, the deployment force of an air bag
changes due to pressure change inside the inflator and the air
bag fails to act as a protection device.

[0009] Therefore, it is important to provide a gas gener-
ating agent with a small index n and provide a gas generating
agent having combustion stability that is not affected sig-
nificantly by changes in an environment, such as tempera-
ture and pressure.

[0010] JP-B No. 3907548 discloses a gas generating com-
position for an inflator including: (a) melamine cyanurate or
a mixture of melamine cyanurate and a nitrogen-containing
organic compound as a fuel, and (b) an oxygen-containing
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oxidizing agent, which can exhibit a specific effect such as
a low combustion temperature and a small amount of
generated hazardous gas, as a result of using novel melamine
cyanurate as a fuel component.

[0011] It is described that the compounding ratio (mass
ratio), nitrogen-containing organic compound/melamine
cyanurate, in the mixture of melamine cyanurate and nitro-
gen-containing organic compound, is preferably 0.05 to 8,
more preferably 0.1 to 6, and even more preferably 0.2 to 2.
[0012] Decreasing combustion temperature is described as
a problem to be solved, but improving ignition ability is not
a problem to be solved, and it is only described that the
ignition ability is improved by selecting an appropriate
binder.

[0013] And the value of the pressure index is given as 0.23
in Example 28 and 0.31 in Example 29 in Table 4.

SUMMARY OF THE INVENTION

[0014] The present invention provides a gas generating
composition containing:

[0015] (a) a fuel;

[0016] (b) an oxidizing agent including a basic metal
nitrate;

[0017] (c) a basic metal carbonate; and

[0018] (d) a binder (not including a component selected
from starch, etherified starch, methyl cellulose,

hydroxyethyl methyl cellulose, hydroxypropyl methyl
cellulose, hydroxyethyl cellulose, guar gum, etherified
guar gum, tamarind gum, poly(vinyl alcohol), polyvi-
nyl ether, polyacrylamide, polyethylene oxide, and
polyvinyl pyrrolidone), the fuel of the component (a)
including melamine cyanurate (MC) and nitroguani-
dine (NQ), with a ratio (MC/NQ) of contents of MC
and NQ being within a range of 0.20 to 1.50;
[0019] the content of the component (b) being larger than
the content of the component (c), a ratio of the content of the
component (b)/the content of the component (c) being equal
to or greater than 1.00.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] The present invention is to provide a gas generating
composition with a low combustion temperature, good igni-
tion ability, and particularly a small amount of carbon
monoxide in released gas.

[0021] The present inventors conducted a research aimed
at the improvement of the invention disclosed in JP-B No.
3907548. The results obtained demonstrates that the above-
described problems can be resolved and a pressure index can
be further greatly reduced by:

[0022] 1.combining nitroguanidine with melamine cya-
nurate, which has not been specifically described in
JP-B No. 3907548, at a specific ratio; and

[0023] 2. combining an oxidizing agent including a
basic metal nitrate with a basic metal carbonate, which
has not been specifically described in JP-B No.
3907548, at a specific ratio.

[0024] This finding led to the present invention.

[0025] The gas generating composition in accordance with
the present invention has a low combustion temperature and
good ignition ability. Further, the gas generating composi-
tion in accordance with the present invention provides less
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amount of hazardous gas such as carbon monoxide in gas
generated by combustion and a smaller pressure index.
[0026] <(a) Fuel>

[0027] The fuel of the component (a) used in accordance
with the present invention includes melamine cyanurate and
nitroguanidine, and may include only melamine cyanurate
and nitroguanidine or these two components and addition-
ally also a known other fuel within a range in which the
present invention can be obtained.

[0028] A example of a known other fuel includes one, two,
or more selected from tetrazole compounds such as 5-ami-
notetrazole and bitetrazole ammonium salt, guanidine com-
pounds such as guanidine nitrate and dicyandiamide (ni-
troguanidine is excluded), and triazine compounds such as
melamine, trimethylol melamine, alkylated methylol
melamine, ammeline, ammelande, melamine nitrate,
melamine perchlorate, trihydrazinotriazine and a nitrocom-
pound of melamine.

[0029] When a known other fuel is included in addition to
the melamine cyanurate and nitroguanidine, a content of the
other fuel in the fuel of the component (a) is equal to or less
than 5% by mass.

[0030] <(b) Oxidizing Agent>

[0031] The oxidizing agent of the component (b) used in
accordance with the present invention includes a basic metal
nitrate and, as necessary, another oxidizing agent. By using
the basic metal nitrate as the component (b), the combustion
temperature is lowered.

[0032] The basic metal nitrate can be one or two or more
selected from basic copper nitrate, basic cobalt nitrate, basic
zinc nitrate, and basic manganese nitrate. Among them,
basic copper nitrate is preferred.

[0033] A example of another oxidizing agent includes
metal nitrates, ammonium nitrate, metal perchlorates,
ammonium perchlorate, metal nitrites, and metal chlorates.
[0034] <(c) Basic Metal Carbonate>

[0035] The basic metal carbonate of the component (c)
used in accordance with the present invention is basic zinc
carbonate, basic copper carbonate, or a combination thereof.
By using the component (c¢), the combustion temperature is
lowered.

[0036] <(d) Binder>

[0037] The binder of the component (d) used in accor-
dance with the present invention is one or two or more
selected from carboxymethyl cellulose (CMC), carboxym-
ethyl cellulose sodium salt (CMCNa), carboxymethyl cel-
Iulose potassium salt, carboxymethyl cellulose ammonium
salt, cellulose acetate, cellulose acetate butyrate (CAB),
ethyl cellulose (EC), hydroxyethyl cellulose (HEC), micro-
crystalline cellulose, polyacrylhydrazide, acrylamide-
acrylic acid metal salt copolymers, polyacrylamide - poly-
acrylic acid ester compound copolymers, acrylic rubber, and
silicone. Among them, CMCNa is preferred.

[0038] Note that the binder of the component (d) of the
present invention does not include one selected from starch,
etherified starch, methyl cellulose, hydroxyethyl methyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl
cellulose, hydroxyethyl cellulose, guar gum, etherified guar
gum, tamarind gum, poly(vinyl alcohol), polyvinyl ether,
polyacrylamide, polyethylene oxide, and polyvinyl pyrroli-
done.

[0039] <Other Components>

[0040] The gas generating composition in accordance with
the present invention may also include various known
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additives in order to adjust the burning rate of the gas
generating composition and purify combustion gas, within
the range in which the present invention is obtained.
[0041] A example of a known additive include metal
oxides such as cupric oxide, iron oxide, zinc oxide, cobalt
oxide, manganese oxide, molybdenum oxide, nickel oxide,
bismuth oxide, silica, and alumina; metal hydroxides such as
aluminum hydroxide, magnesium hydroxide, cobalt hydrox-
ide, and iron hydroxide; cobalt carbonate, calcium carbon-
ate; composite compounds of metal oxides or hydroxides
such as Japanese acid clay, kaolin, talc, bentonite, diatoma-
ceous earth, and hydrotalcite; metal salts such as sodium
silicate, mica molybdate, cobalt molybdate, and ammonium
molybdate; molybdenum disulfide, calcium stearate, silicon
nitride, silicon carbide, metaboric acid, boric acid, and
anhydrous boric acid.

[0042] In the gas generating composition in accordance
with the present invention, a ratio (MC/NQ) of the contents
of'the melamine cyanurate (MC) and nitroguanidine (NQ) in
the fuel of the component (a) is 0.20 to 1.50.

[0043] In the gas generating composition in accordance
with the present invention, a content of the component (b) is
preferably greater than the content of the component (c), and
the ratio ((b)/(c)) of the content of the component (b) to the
content of the component (c) is preferably equal to or greater
than 1.00.

[0044] In the gas generating composition in accordance
with the present invention, a ratio of the components is
adjusted according to a targeted ignition ability at a low
temperature, a targeted purification degree of released gas,
and a targeted pressure index for the purpose.

[0045] In order to enhance an ignition ability at a low
temperature, the MC/NQ ratio is preferably equal to or
greater than 0.20, more preferably 0.30 to 1.00, even more
preferably 0.6 to 0.95.

[0046] In order to enhance the ignition ability at a low
temperature, a (b)/(c) ratio is preferably equal to or greater
than 1.00, more preferably 1.50 to 15.00, even more pref-
erably 5.50 to 13.00.

[0047] In order to reduce the concentration of carbon
monoxide in released gas and decrease the pressure index, a
MC/NQ ratio is preferably equal to or less than 0.50, more
preferably 0.50 to 0.20.

[0048] In order to enhance the ignition ability at a low
temperature, reduce the concentration of carbon monoxide
in released gas and decrease the pressure index, a MC/NQ
ratio is 0.70 to 0.90 and a (b)/(c) ratio is 4.00 to 8.00.
[0049] The contents of the components (a) to (d) in the gas
generating composition in accordance with the present
invention are described below:

[0050] The content of the fuel of the component (a) is
preferably 20 to 50% by mass, more preferably 25 to 40%
by mass;

[0051] The content of the oxidizing agent of the compo-
nent (b) is preferably 30 to 75% by mass, more preferably
40 to 70% by mass;

[0052] The content of the basic metal carbonate of the
component (c) is preferably 3 to 30% by mass, more
preferably 3 to 15% by mass; and

[0053] The content of the binder of the component (d) is
preferably 2 to 10% by mass, more preferably 2 to 8% by
mass.

[0054] By adjusting the above-described components in
the gas generating composition in accordance with the
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present invention, the pressure index (n) is set to be a value
equal to or less than 0.20, preferably equal to or less than
0.15.

[0055] The gas generating composition in accordance with
the present invention can be molded into a desired shape,
and a single-perforated cylindrical molded article, a perfo-
rated cylindrical molded article, or a pellet-shaped molded
article can be obtained. These molded articles can be manu-
factured by a method in which water or an organic solvent
is added to and mixed with the gas generating composition
and the obtained mixture is extrusion-molded (into a single-
perforated cylindrical molded article or a perforated cylin-
drical molded article), or by a compression-molding method
using a pelletizer or the like (for a pellet-shaped molded
article).

[0056] The gas generating composition in accordance with
the present invention or a molded article obtained therefrom
can be used for, for example, an airbag inflator for a driver’s
side, an airbag inflator for a passenger side next to the driver,
a side airbag inflator, an inflator for an inflatable curtain, an
inflator for a knee bolster, an inflator for an inflatable seat
belt, an inflator for a tubular system, and an inflator for a
pretensioner, of various vehicles.

[0057] An inflator, that uses the gas generating composi-
tion in accordance with the present invention or a molded
article obtained therefrom, may be of a pyrotechnic type in
which a gas supply source is only a gas generating agent or
of a hybrid type that uses both compressed gas, such as
argon, and a gas generating agent.

[0058] Furthermore, the gas generating composition of the
present invention or a molded article obtained therefrom can
be also used as an igniting agent called an enhancer (or a
booster), which serves to transmit an energy of a detonator
or a squib to the gas generating agent.

EXAMPLES

[0059] The present invention is explained herein-below by
Examples. However, the present invention is not limited to
these Examples.

Examples and Comparative Examples

[0060] Gas generating compositions including compo-
nents shown in Table 1 were manufactured. The properties
shown in Table 1 were measured for those compositions.
The results are shown in Table 1.

[0061] (1) Combustion Temperature

[0062] Combustion temperature based on theoretical cal-
culations.

[0063] (2) Burning Rate

[0064] <Method for Preparing Cylindrical Strand>
[0065] Water was added to and mixed with the composi-

tions of Examples and Comparative examples, and the
mixtures were extrusion-molded, cut, and dried to obtain
single-perforated molded articles.

[0066] The obtained single-perforated molded article was
pulverized in an agate mortar, and a powder that has passed
through a wire mesh with a mesh size of 500 um was loaded
to a receiving die of a predetermined die.

[0067] A cylindrical strand with an outer diameter of 9.55
mm and a length of 12.70 mm was then molded by com-
pressing for 5 seconds under a pressure of 14.7 MPa applied
by a hydraulic pump from the pestle-side end surface and
then removing from the die.
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[0068] An epoxy resin chemical-reaction-type adhesive
“Bond Quick 30” manufactured by Konishi Co., Ltd. was
applied to the side surface of the cylindrical strand and then
thermally cured for 16 hours at 110° C., so as to obtain a
sample which could be ignited and burned only from the end
surface and could not be ignited from the side surface
(unifacial propagating combustion).

[0069] <Method for Measuring Combustion Rate>
[0070] The cylindrical strand serving as a sample was
installed in an SUS sealed bomb with an internal volume of
1 liter and pressurized to and stabilized at 6860 kPa, while
the inside of the bomb was purged with nitrogen.

[0071] Then, a predetermined electric current was passed
through a nichrome wire that was brought into contact with
the end surface of the strand and the strand was ignited and
burned by the fusion energy of the nichrome wire.

[0072] The behavior of pressure inside the bomb with time
was verified by a recorder chart, a period of time from the
start of the combustion until the peak of pressure rise was
verified from the scale of the chart, and the numerical value
that was obtained by dividing the length of the strand prior
to combustion by the above period of time was taken as the
burning rate.

[0073] The tests with pressurization and stabilization of
4900 kPa and 8820 kPa were performed in the same manner
as described above.

[0074] (3) Pressure Index

[0075] The burning rate was measured under a nitrogen
atmosphere and a pressure of 4900 kPa, 6860 kPa, and 8820
kPa by using the cylindrical strands manufactured by the
above-described method.

[0076] Inthe Examples, a burning rate under 6860 kPa and
a pressure index within a range of 4900 kPa to 8820 kPa are
shown.

[0077] (4) Ignition Ability

[0078] The single-perforated molded article (with an outer
diameter of about 4 mm, an inner diameter of about 1 mm,
a length of about 4 mm) obtained by extrusion-molding was
loaded into a combustion chamber of a gas generator (pro-
vided inside thereof with the combustion chamber with a
volume of 31 ecm?; the total surface area of a plurality of gas
discharge openings provided in the outer housing is 79.8
mm?) for the evaluation test. The amount of the molded
article was such that no unnecessary gap appeared in the
combustion chamber and also such that the single-perforated
molded article located inside the combustion chamber was
not cracked when the gas generator was sealed. The amount
of the single-perforated molded article used for the mea-
surements is shown in Table 1.

[0079] The gas generator for the evaluation test had igni-
tion device provided with an igniter including 55 mg of ZPP,
and 4.5 g of a transfer charge including nitroguanidine,
strontium nitrate, carboxymethyl cellulose strontium salt,
and Japanese acid clay.

[0080] The gas generator for the evaluation test was
disposed in a 60-liter tank (-40° C.) equipped with a sensor
for pressure measurements. The combustion test was con-
ducted by actuating the gas generator.

[0081] The actuation start time of the ignition device was
taken as 0, and the ignition ability was evaluated by the time
that had elapsed since the actuation start time and the value
of pressure inside the 60-liter tank at the elapsed time.
[0082] Where the pressure at 10 milliseconds was equal to
or greater than 80 kPa, the ignition ability was determined
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to be very good (@). Where the pressure at 10 milliseconds
was 50 kPa to less than 80 kPa, the ignition ability was
determined to be good (O), and where the pressure at 10
milliseconds was less than 50 kPa, the ignition ability was
determined to be poor (x).

[0083] (5) Method for Measuring Gas Concentration
[0084] The measurements were conducted using a single-
perforated agent obtained in the same manner as in (2)
Burning rate <Method for Preparing Cylindrical Strand>
and a gas generator for an evaluation test of the same
specifications as that of (4) Ignition ability.

[0085] The gas generator for an evaluation test provided
with the ignition device (an igniter including 55 mg of ZPP,
and 4.5 g of a transfer charge including nitroguanidine,
strontium nitrate, carboxymethyl cellulose strontium salt,
and Japanese acid clay) was disposed in a tank having an
inner volume of 2800 liters and pressurized to and stabilized
at 7 MPa, while the inside of the bomb was entirely purged
with nitrogen.

[0086] In this state, combustion was conducted at a normal
temperature (23° C.), the combustion gas discharged into the
tank was introduced into an FTIR (VIR-9500, manufactured
by JASCO Corporation), and the concentrations of NO,,
NO, CO, and NH, were measured. The value of concentra-
tion in each case was obtained by averaging the values
obtained in 3 minutes, 15 minutes, and 30 minutes after the
combustion.

Jan. 19, 2017

[0087] The compositions of Comparative Examples 2 and
4 to 6 included MC and NQ as the component (a), but the
MC/NQ ratio was outside the range of 0.20 to 0.95. There-
fore, the ignition ability was poor (evaluation: x) and the
combustion temperature increased dramatically.
[0088] The ignition ability of the composition of Com-
parative Example 1 was good (evaluation: O), but the
pressure index was higher than that in Examples and the
amount of generated carbon monoxide and ammonia was
very high.
[0089] The compositions of Examples demonstrated a low
combustion temperature, a good ignition ability (with evalu-
ation: @ or O), and, in comparison with the results in
Comparative Example 1, smaller amounts of generated
carbon monoxide and ammonia in the combustion gas
(released gas).
[0090] The invention thus described, it will be obvious
that the same may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

1. A gas generating composition comprising:

(a) a fuel;

(b) an oxidizing agent including a basic metal nitrate;

(c) a basic metal carbonate; and

(d) a binder (not including a component selected from

starch, etherified starch, methyl cellulose, hydroxyethyl

TABLE 1
Measured properties
Com- Burn- Ignition
Gas generating composition bus- ing Pres- ability Released gas
Contents (% by mass) Ratio tion rate sure Low Amount (2800 L) ppm

(a) (a) (b) (c) (d) MC/ BCN/ temp. (mm/s) index  temp. used (23° C)

MC NQ BCN BCC CMCNa NQ BCC K 7MPa n (-40° C.) () NO, NO CO NH,
Example 1 1343 1450  62.07 5.00 5.00 093 1241 1548 195 013 @ 335 0 10 114 7
Example 2 12.18 1830  59.32 5.00 5.00 0.66 11.86 1583 192  0.15 @ 33.9 0 4 142 34
Example 3 12.23 1450 5827  10.00 5.00 0.84 583 1530 194 0.10 ® 333 0 25 94 3
Example 4 850  19.00  47.50  20.00 5.00 045 238 1531 197  0.10 @ 34.2 0 15 87 10
Example 5 675 21.00 4225  25.00 5.00 0.32 1.69 1526 20,6 0.10 ® 353 0 9 82 14
Example 6 500  23.00 37.00  30.00 5.00 0.22 123 1520 204 0.9 O 343 0 9 80 15
Example 7 15.66  10.8 65.54 3.00 5.00 145 2185 1485 192 015 O 33.9 0 21 164 6
Com- 13.92 1650  64.58 — 5.00 0.84 — 1588 161  0.20 O 35.0 0 14 362 30
parative
Example 1
Com- 3.00  23.00 2400 4500 5.00 0.13 053 1365 9.8 0.10 x 354 — - — —
parative
Example 2
Com- — 26.12 13.88  55.00 5.00 — 0.25 1358 9.5 0.13 x 35.8 — - — —
parative
Example 3
Com- 1.03  28.00 2597  40.00 5.00 0.04 065 1532 182 0.11 x 35.2 — - — —
parative
Example 4
Com- 19.23 1.28 6449  10.00 500 1502 645 1286 8.6 0.1 x 36.1 — - — —
parative
Example 5
Com- 316  31.63 5020  10.00 5.00 0.10 502 1869 — — — 33.1 — - — —
parative
Example 6

MC: Melamine cyanurate

NQ: Nitroguanidine
GN: Guanidine nitrate

BCN: Basic copper nitrate

BCC: Basic copper carbonate
CMCNa: Carboxymethyl cellulose sodium salt
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methyl cellulose, hydroxypropyl methyl cellulose,
hydroxyethyl cellulose, guar gum, etherified guar gum,
tamarind gum, poly(vinyl alcohol), polyvinyl ether,
polyacrylamide, polyethylene oxide, and polyvinyl
pyrrolidone),
the fuel of the component (a) including melamine cyanu-
rate (MC) and nitroguanidine (NQ), with a ratio (MC/
NQ) of contents of MC and NQ being within a range of
0.20 to 1.50;
the content of the component (b) being larger than the
content of the component (c), a ratio of the content of
the component (b)/the content of the component (c)
being equal to or greater than 1.00.
2. The gas generating composition according to claim 1,
wherein
the content of the fuel of the component (a) is 20 to 50%
by mass;
the content of the oxidizing agent of the component (b) is
30 to 75% by mass;
the content of the basic metal carbonate of the component
(c) is 3 to 30% by mass; and
the content of the binder of the component (d) is 2 to 10%
by mass.
3. The gas generating composition according to claim 1,
wherein
the binder of the component (d) is a sodium salt of
carboxymethyl cellulose.
4. The gas generating composition according to claim 2,
wherein
the binder of the component (d) is a sodium salt of
carboxymethyl cellulose.

#* #* #* #* #*

Jan. 19, 2017



