PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: . WO 95/19342
C07D A2 ) L

(43) International Publication Date: 20 July 1995 (20.07.95)

(21) International Application Number: PCT/US95/00161 | (81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,

CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, JP, KE, KG,

(22) International Filing Date: 4 January 1995 (04.01.95) KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, MW,

MX, NL, NO, NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ,
TT, UA, UZ, VN, European patent (AT, BE, CH, DE, DK,
(30) Priority Data: ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI

08/178,215 6 January 1994 (06.01.94) Us patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR. NE,
SN, TD, TG), ARIPO patent (KE, MW, SD, SZ).

(71) Applicant: THIOKOL CORPORATION [US/US]; 2475 Wash-

ington Boulevard, Ogden, UT 84401 (US). Published
Without international search report and to be republished
(72) Inventors: WARDLE, Robert, B.; 1630 North 1770 East, upon receipt of that report.

Logan, UT 84321 (US). BLAU, Reed, J.; P.O. Box 476,
75 E. Main, Richmond, UT 84333 (US).

(74) Agents: MADSON, Craig, J. et al.; Madson & Metcalf, Suite
950, 170 So. Main Street, Salt Lake City, UT 84101 (US).

(54) Title: GAS GENERANT COMPOSITION CONTAINING NON-METALLIC SALTS OF 5-NITROBARBITURIC ACID

@

NO;

(57) Abstract

A composition is provided which comprises a fuel effective amount of a heterocyclic compound represented by formula (I), wherein
X is a non-metallic cation; and an oxidizing effective amount of an inorganic oxidizer. The oxidizer can be an inorganic nitrite, an inorganic
nitrate, a metal peroxide, a metal oxide, a metal hydroxide, an inorganic perchlorate, or an inorganic chlorate. A binder can be added, if
desired. An automotive air bag inflator and a method for generating gas are also disclosed.




applications under the PCT.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cdte d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

MR

MW

NE
NL
NO

PL

RO

SD
SE
SI

SK
SN
™D
TG
TJ

UA
us
vz
VN

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




10

15

20

25

WO 95/19342 PCT/US95/00161

GAS GENERANT COMPOSITION CONTAINING
NON-METALLIC SALTS OF 5-NITROBARBITURIC ACID

Field of the Invention

The present invention concerns pyrotechnic
compositions, and in particular gas generant
compositions, containing non-azide fuels comprising non-

metallic salts of 5-nitrobarbituric acid.

Background of the Invention

There have been a number of proposed non-azide gas
generant compositions.

Among those is a composition based on a very
restricted number of metallic salts of 5-nitrobarbituric
acid and an equally restricted number of metal-cation
containing oxidizers which is described in U.S. Patent
No. 5,015,309, the disclosure of which is incorporated
herein by reference. According to the known proposal, a
non-azide gas generant is composed of about 25 to 75 % by
weight of anhydrous metal salts of 5-nitrobarbituric acid
wherein the metal is selected from metals of Group I-A of
the Periodic Table of Elements (except sodium), calcium,
strontium, or barium, and about 75 to 25 % by weight of
an anhydrous oxidizing salt having a metal cation
selected from the group consisting of metals of Group I-A
of the Periodic Table of Elements (except sodium),
calcium, strontium, or barium, plus from 0 to 5 % by
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weight of a binder. Although these gas generant
compositions have received some interest, the
compositions suffer from various drawbacks. Of the most
promising compositions is one containing the potassium
salt of S5-nitrobarbituric acid. However, compositions
based on the potassium salt exhibit several severely
limiting drawbacks such as high particulate levels and
very high carbon dioxide 1levels. Solids from the
combustion of the preferred potassium salt include
potassium hydroxide and potassium oxide which are highly
caustic materials.

The potassium oxide and potassium hydroxide solids
present problems similar to those created by the sodium
oxide and sodium hydroxide combustion products from
sodium azide based gas generant compositions. For
instance, sodium azide-based gas generants have
combustion products that can be toxic because molybdenum
disulfide and sulfur are presently the preferred
oxidizers for use with sodium azide. The reaction of
these materials with sodium azide produces toxic hydrogen
sulfide gas, corrosive sodium oxide, sodium sulfide, and
sodium hydroxide powder. Rescue workers and automobile
occupants have complained about both the hydrogen sulfide
gas and the corrosive powder, e.g., sodium hydroxide,
produced by the operation of sodium azide-based gas

generants. Like problems are to be expected with the
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potassium by-products from a non-azide gas generant based
on the potassium salt of 5-nitrobarbituric acid.

It would, therefore, be a significant advance in the
art -to provide a non-azide fueled gas generant
composition which does not suffer from the defects
associated with the presently proposed sodium azide
fueled gas generants and the aforementioned composition
composed of a restricted class of metallic salts of 5-
nitrobarbituric acid and a restricted class of oxidizers.

Such compositions are disclosed and claimed herein.

Summary and Objects of the Invention

A non-azide gas generating composition according to
the present invention comprises a fuel effective amount
of at least one non-metallic salt of 5-nitrobarbituric
acid and an oxidizing effective amount of an inorganic
oxidizer selected from among nitrate, nitrite, peroxide,
metal oxide, metal hydroxide, perchlorate, and chlorate
oxidizers as well as mixtures thereof.

The non-metallic fuel in the present composition
mitigates, if not avoids, the problems with the
combustion by-products produced by the metal salts of 5-
nitrobarbituric acid and by the conventional sodium azide
fueled gas generants.

The present non-metallic fueled composition can

combust at a sufficiently rapid rate to generate
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satisfactory quantities of non-toxic gases. The amount
of gas generation compares favorably to a baseline
composition which is fueled by the potassium salt of 5-
nitrobarbituric acid. The gases generated by the present
composition are suitable for use in deploying and
inflating supplemental restraint systems, such as air

bags and the like.

Detailed Description of the Invention

A non—azidé gas generating composition according to
the present invention comprises a fuel effective amount
of at least one non-metallic salt of 5-nitrobarbituric
acid and an oxidizing effective amount of an oxidizer
selected from among inorganic nitrates, inorganic
nitrites, metal oxides, metal hydroxides, inorganic
perchlorates, inorganic chlorates, inorganic peroxides,
and mixtures thereof.

A composition according to the present invention
comprises about 15 to about 60 % by weight,
advantageously about 22 to about 45 % by weight, of at
least one heterocyclic compound represented by the

formula (I):
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wherein X 1is a non-metallic cation, and about 40% to
about 85 % by weight, preferably about 55% to about 78 %
by weight, of an inorganic oxidizer selected from among
nitrite oxidizers, metal peroxides, nitrate oxidizers,
metal oxides, metal hydroxides, perchlorate oxidizers,
chlorate oxidizers, and mixtures thereof.

In a preferred embodiment, the relative amounts of

the organic salt of 5-nitrobarbituric acid and the
oxidizer are in such a ratio that combusting the
composition can overwhelmingly produce carbon dioxide,
water and nitrogen, and minimal amounts of carbon
monoxide, NO, and oxygen as shown in, for instance,
Examples 6 and 7.

The non-metallic cation can be selected, for
instance, from among organic cations and, in principle,
cations of non-carbon heterocycles such as borazines
Thus, the cation X can be a non-metallic cation of a high
nitrogen-content base. Exemplary non-metallic cations
include, among others, ammonium, hydrazinium,
guanidinium, aminoguanidinium, diaminoguanidinium,
triaminoguanidinium, biguanidinium, aminotriazolium,
guanizinium, aminotetrazolium, and hydrazino tetrazolium.
Other non-metallic salts of S5-nitrobarbituric acid and

their preparation are described in J. Am. Chem. Soc.,

62:590 (1940), the complete disclosure of which is

incorporated herein by reference.
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The oxidizer 1is a metal peroxide, an inorganic
nitrate, an inorganic nitrite, a metal oxide, a metal
hydroxide, an inorganic chlorate, an inorganic
perchlorate, or a mixture thereof. Thus, suitable
oxidizers include a metal nitrate, a metal nitrite, a
metal chlorate, a metal perchlorate, a metal peroxide,
ammonium nitrate, ammonium perchlorate and the like.
Suitable oxidizing compounds can have a cation such as,
for instance, ammonium, metal ions of metals from Group
1-A of the Periodic Table, as well as metal ions of
barium, bismuth, calcium, cobalt, copper, iron,
manganese, molybdenum, strontium, tin, tungsten and, for
instance, zinc. By preference, the oxidizer is free of
cations of alkali metals, such as sodium or potassium,
when the present composition is used as the gas generant
in a supplemental safety restraint system. The oxides
and hydroxides of metals, such as bismuth, copper,
cobalt, iron, magnesium, manganese, molybdenum, and
tungsten, such as Cu0O, Co,0,, Fe,0,, MnO,, MoO,, Bi,MoQ,
Bi,0,, and Cu(OH),, can be used. Other exemplary
oxidizers include, among others, metal peroxides or
nitrates or nitrites of, for instance, sodium, potassium,
magnesium, strontium, copper, cobalt, chromium or zinc.
The oxide and hydroxide oxidizing agents mentioned above
can, if desired, be combined with other oxidizers such

as, for instance, Sr(NO,),, NH,C1l0, and KNO,, for a
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particular application, such as to provide increased

flame temperature or to modifv the gas product yields.

The method by which the non-metallic salts of 5-
nitrobarbituric acid are prepared 1is not «critical.
Various salts of 5-nitrobarbituric acid and their

preparation are described in J. Am. Chem. Soc., 62:590

(1940) . Methods for making 5-nitrobarbituric acid from
which the salts can be prepared are known, and include

those described in Organic Synthesis, Coll. Vol. II,

pages 440-41 the complete disclosure of which is
incorporated herein by reference.

Salts of S5-nitrobarbituric acid can also be prepared
by allowing a compound having the formula (II)

®) O
(=)
PO , OR,

Ne,
wherein R, and R, are the same or different and are alkyl
or substituted alkyl, to react with an effective amount
of urea to obtain 5-nitrobarbituric acid. Salts are
obtained by treating the reaction product, 5~
nitrobarbituric acid, with an effective amount of a
compound, such as an organic base or another cation
source, MX, in order to form the desired salt, which

treatment can, if desired, be conducted in situ without
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prior isolation of the acid. If desired, a compound
according to formula (II) can be prepared in situ, such
as by the direct nitration of cyanoacetic acid, by
adapfing the procedures described in, for instance,

Gazzeta Chimica Italiana, 42:223, the complete disclosure

of which is incorporated herein by reference. A compound
according to formula (II) can also be obtained by
nitrating the corresponding compound. For example, a
dialkyl malonate, such as diethyl malonate, can be
nitrated to obtain a compound represented by formula
(II). Suitable nitrating reégents include, among others,
nitric acid, acetic acid or acetic anhydride with
ammonium nitrate, acetic acid or acetic anhydride with
one or more metal nitrates such as Mn(NO;), or Cu(NQ,),.

Additives conventionally used in gas generating
compositions, propellants, and explosives, such as
binders, burn rate modifiers, slag formers, release
agents, and additives which effectively remove NO, can,
if desired, be included in the compositions according to
the present invention. Typical binders include lactose,
boric acid, silicates including magnesium silicate,
polypropylene carbonate, polyethylene glycol, and other
conventional polymeric binders. Typical burn rate
modifiers include Fe,0,, K,B,,H,,, Bi,MoQ,, and graphite
carbon fibers. A number of slag forming agents are known

and include, for example, clays, talcs, silicon oxides,
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alkaline earth oxides, hydroxides, oxalates, of which
magnesium carbonate, and magnesium hydroxide are
exemplary. A number of additives and/or agents are also
known to reduce or eliminate the oxides of nitrogen from
the combustion products of a gas generant composition,
including alkali metal salts and complexes of tetrazoles,
aminotetrazoles, tiiazoles and related nitrogen
heterocycles of which potassium aminotetrazole, sodium
carbonate and potassium carbonate are exemplary. The
composition can also include materials which facilitate
the release of the composition from a mold such as
graphite, molybdenum sulfide, calcium stearate, or boron
nitride.

The compositions of the present invention can be
formed into the desired shape, such as pellets, by
conventional means. Pellets are the presently preferred
form for use in supplemental safety restraint systems
such as air bags.

The present gas generant compositions can be
combusted to give good gas yields of acceptable gas
products. Several of the more preferred compositions
have a low flame temperature. Solids produced during
combustion do not suffer problems noted earlier with
respect to sodium azide and the potassium salt of
dilituric acid. Therefore, a method for generating gas

comprises igniting the composition according to the
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present invention.

The present invention also contemplates a vehicle
having an inflatable restraining device, such as an
autoﬁobile air bag system, which comprises a collapsed,
inflatable air bag, a means for generating gas connected
to that air bag for inflating the air bag wherein the gas
generating means includes an igniter and also contains a
nontoxic gas generating composition which comprises a
fuel and an oxidizer therefore wherein the fuel comprises
a composition according to the present invention.
Suitable means for generating gas include gas generating
devices which are used in supplemental safety restraint
systems wused in the automotive industry. The
supplemental safety restraint system may, if desired,
include conventional screen packs to remove particulates,
if any, formed while the gas generant is combusted.

The compositions of the present invention are easily
ignited with conventional igniters. Igniters using
materials such as boron/potassium nitrate are usable with
the compositions of the present invention.

As demonstrated in Examples 8 and 9, the
compositions of the present invention are readily adapted
for use with conventional hybrid air bag inflator
technology. Hybrid inflator technology is based on
heating a stored inert gas (argon or helium) to a desired

temperature by burning a small amount of propellant.

10
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Hybrid inflators do not require cooling filters used with
pyrotechnic inflators to cool combustion gases, because
hybrid inflators are able to provide a lower temperature
gas. The gas discharge temperature can be selectively
changed by adjusting the ratio of inert gas weight to
propellant weight. The higher the gas weight to
propellant weight ratio, the cooler the gas discharge
temperature for a given propellent formulation.
Therefore, the present invention also contemplates
a vehicle having a hybrid gas generating system which
comprises a pressure tank having a rupturable opening, a
pre-determined amount of inert gas disposed within that
pressure tank; a gas generating device for producing hot
combustion gases and having means for rupturing the
rupturable opening; and means for igniting the gas
generating composition. The tank has a rupturable
opening which can be broken by a piston when the gas
generating device is ignited. The gas generating device
is configured and positioned relative to the pressure
tank so that hot combustion gases are mixed with and heat
the inert gas. Suitable inert gases include, among
others, argon, and helium and mixtures thereof. The
mixed and heated gases exit the pressure tank through the
opening and ultimately exit the hybrid inflator and
deploy an inflatable bag or balloon, such as an

automobile air bag. The gas generating device contains

11
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a composition according to the present invention.

The present inventions are described further in the

following non-limiting examples.
Examples

Various compositions were prepared to illustrate the
advantages of the present invention.

Table I summarizes both the compositions and the
data concerning their combustion. In Table I, SOTA
designates a baseline conventional sodium azide gas
generant (sodium azide, ‘Fezow KNO,, and molybdenum
disulfide).

Unless otherwise stated, the salts of 5-
nitrobarbituric acid are prepared by neutralizing 5-
nitrobarbituric acid with an organic base according to
the conventional synthesis as reported in literature.

The actual gas generant compositions are formulated
and pressed into pellets. 1In Examples 1 through 7 and
10, the formulations are tested by combusting a multiple
pellet charge in a ballistic test device. The test
device comprises a combustion chamber equipped with a
conventional 0.25 gram BKNO, igniter. The combustion
chamber includes a fluid outlet to a 13 liter tank. The
test fixture is configured to approximate the environment
of an automobile air bag.

In Examples 8 and 9, the formulations are tested by

combusting a multiple pellet charge in a ballistic test

12
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device simulating a hybrid gas generating system having
a pre-determined amount of argon as the inert gas. The
test device 1is equipped with a combustion chamber
equiﬁped with a conventional 1.0 gram BKNQO, igniter. The
combustion chamber includes a fluid outlet to allow hot
gas to heat and expand the argon gas to fill a 60 liter
tank. The test fixture is configured to approximate the

environment of a hybrid system (automobile air bag).

13
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The present invention may be embodied in other
specific forms without departing from its spirit or
essential characteristics. The described embodiments are
to bé considered in all respects only as illustrative and
not restrictive. The scope of the invention is,
therefore, indicated by the appended claims rather than
by the foregoing description. All changes which come
within the meaning and range of equivalency of the claims

are to be embraced within their scope.

15
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WHAT IS CLAIMED IS:

1. A composition comprising:
(a) about 15 to about 60 % by weight of at least

one heterocyclic compound represented by the formula:

wherein X is a non-metallic cation; and

(b) about 85% to about 40% by weight of at least
one oxidizer selected from the group consisting of
inorganic nitrites, inorganic nitrates, metal oxides,
metal hydroxides, metal peroxides, inorganic chlorates,

inorganic perchlorates, and mixtures thereof.

2. A composition according to claim 1, wherein X
is selected from the group consisting of organic cations

and cations of non-carbon heterocycles.

3. A composition according to claim 2 wherein X is

a cation of a high nitrogen-content base.

4. A composition according to claim 1, wherein X

16
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is selected from the group consisting of ammonium,
hydrazinium, guanidinium, aminoguanidinium,
diaminoguanidinium, triaminoguanidinium, biguanidinium,
aminotriazolium, guanizinium, aminotetrazolium, and

hydrazino tetrazolium.

5. A composition according to claim 4, wherein X
is selected from the group consisting of guanyl and

ammonium.

6. A composition according to claim 1, wherein the
oxidizer is a compound having a cation selected from the
group consisting of ammonium, a metal from Group I-A of
the Periodic Table, barium, bismuth, calcium, cobalt,
copper, iron, magnesium, manganese, molybdenum,

strontium, tin, tungsten and zinc.

7. A composition according to claim 1, wherein the
oxidizer does not contain a cation of a metal from Group

I-A of the Periodic Table.

8. A composition according to claim 1, wherein
said oxidizer is selected from the group consisting of a
metal nitrate, a metal oxide and mixtures thereof.

9. A composition according to claim 8, wherein

17
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said oxidizer is selected from the group consisting of
Cu0, Co,0,, Fe,0,, MoO,;, Bi,MoOQ¢, Bi,0,, Cu(OH),, Sr(NO,),,

and mixtures thereof.

10. A composition according to claim 1, wherein
said oxidizer is selected from the group consisting of
ammonium nitrate, strontium nitrate, copper oxide and

mixtures thereof.

11. A composition according to claim 1, wherein
said salt of 5-nitrobarbituric acid is present in an

amount of about 22 to about 45 % by weight.

12. A composition according to claim 1, wherein X
is selected from the group consisting of ammonium,
hydrazinium, guanidinium, aminoguanidinium,
diaminoguanidinium, triaminoguanidinium, biguanidinium,
aminotriazolium, guanizinium, aminotetrazolium, and
hydrazino tetrazolium; and the oxidizer is a salt having
a cation selected from the group consisting of ammonium,
a metal from Group I-A of the Periodic Table, barium,
bismuth, calcium, cobalt, copper, iron, magnesium,
manganese, molybdenum, strontium, tin, tungsten, and

zinc.

13. A composition according to claim 12, wherein

18
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said oxidizer is a metal nitrate or metal oxide.

14. A method for generating gas which comprises

~igniting the composition according to claim 1.

15. A composition comprising a fuel effective
amount of at least one heterocyclic compound represented

by the formula:

wherein X is a non-metallic cation; and an oxidizing
effective amount of at least one oxidizer selected from

the group consisting of inorganic nitrites, inorganic

nitrates, metal oxides, metal  hydroxides, metal
peroxides, inorganic chlorates, and inorganic
perchlorates.

16. A hybrid gas-generating system comprising:

a pressure tank having a rupturable opening, said
pressure tank containing an inert gas;

a gas-generating device for producing hot combustion

gases and for rupturing said rupturable opening, said

18



10

15

20

25

WO 95/19342 PCT/US95/00161

gas-generating device being configured in relation to
said pressure tank such that hot combustion gases are
mixed with and heat said inert gas, said gas-generating
device containing a gas-generating composition comprising
(a) a fuel effective amount of at least one heterocyclic

compound represented by the formula:

P
HN NH

04L\1¢¢L\OXL

NO;

wherein X is a non-metallic cation; and (b) an effective
oxidizing amount of at least one oxidizer selected from
the group consisting of inorganic nitrites, inorganic
nitrates, metal oxides, metal hydroxides, metal
peroxides, inorganic perchlorates, and inorganic

chlorates; and

means for igniting said gas-generating composition.

17. A hybrid gas-generating system according to

claim 16, wherein said inert gas is argon or helium.

18. An automobile air bag system comprising
a collapsed, inflatable air bag; and a gas

generating device connected to said air bag for inflating

20
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said air bag, said gas generating device containing a gas
generating composition comprising a fuel and an oxidizer
therefor, wherein said fuel is a fuel effective amount of

at least one heterocyclic compound represented by the

forumla:

NO;

wherein X is a non-metallic cation; and an oxidizing
effective amount of at least one oxidizer selected from
the group consisting of inorganic nitrites, inorganic
nitrates, metal oxides, metal hydroxides, metal
peroxides, inorganic perchlorates, and inorganic

chlorates.

21
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