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(57) Claim

*· 1. A gas-generating composition of matter which
burns to produce a non-toxic, non-corrosive, non­
flammable combustion product, said composition of matter 
comprising:

A. plasticized polyvinyl chloride fuel binder; and
B. an inorganic oxidizer salt selected from the group 

consisting of: alkali metal chlorates, alkali metal perchlorates 
alkaline earth metal chlorates, alkaline earth metal perchlorate 
and mixtures thereof; and

C. lithium carbonate; and
wherein the oxidizer is present in an amount at 

least· sufficient to convert all available carbon to carbon 
dioxide and to convert all available hydrogen to water and 
to fully oxidize all available alkaline earth metal; and

wherein the lithium carbonate is present in an 
amount at least sufficient to convert all available halogen 
to lithium halide.

6. An apparatus for minimizing injury to 
vehicle occupants in the event of sudden deceleration of 
the vehicle; said apparatus comprising:

I. an uninflated, inflatable bag; and
.. ./2
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II. a replaceable cartridige comprising:
(a) a container; and
(b) a high-pressure inert gas within the container;

and
(c) a gas-generating composition within the 

container; and
III. means responsive to sudden deceleration of the 

vehicle for igniting the gas-generating composition of 
matter, for burning the gas generating composition thereby 
producing combustion products, for mixing these combustion 
products with the high pressure inert gas to form a warm 
gas mixture within the container and for utilizing this 
warm gas mixture to inflate the inflatable bag;

wherein the gas-generating composition comprises:
A. plasticized polyvinyl chloride fuel binder; and
B. an inorganic oxidizer salt selected from the group 

consisting of: alkali metal chlorates, alkali metal perchlorates, 
alkaline earth metal chlorates, a'.’/aline earth metal
perchlorates and mixtures thereof; and

C. lithium carbonate; and
wherein the oxidizer is present in an amount 

at least sufficient to convert all available carbon to 
carbon dioxide and to convert all available hydrogen to 
water and to fully oxidize all available alkaline earth 
metal; "and

' wherein the lithium carbonate is present in an 
amount at least sufficient to convert all available halogen 
to lithium halide.
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COMPOSITION USEFUL THEREIN"

The following statement is a full description of this invention, including the best method of 
performing it known to me:-
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OCCUPANT RESTRAINT SYSTEM 
AND

COMPOSITION USEFUL THEREIN

This invention relates to an occupant restraint 
system for vehicles sometimes called an "air bag" and a 
composition of matter useful to generate the gas necessary 
to inflate the bag.

Occupant restraint systems are well known in the 
art as described for example in United States Patent 3,723,205.

Unfortunately prior systems and compositions 
suffer from a number of disadvantages. Many prior compositions 
are unstable during storage. They pick up moisture from the 
air and become nonignitable. Many prior compositions become 
unstable in the presence of moisture.

Many prior compositions produce an unacceptably 
high level of carbon monoxide. This carbon monoxide can 
cause serious injury or even death to vehicle occupants who 
escape physical injury due to the very restraint system 
designed to keep them safe. As is well known the carbon 
monoxide combines with the hemoglobin of the blood preventing 
the tissues from receiving oxygen.

Still other prior compositions burn at too high a 
temperature. This high temperature can melt the bag or can 
directly injure the passengers.
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Accordingly it is an object of the present invention 

to provide an improved occupant restraint system substantially 
free of one or more of the disadvantages of prior systems.

Another object of the present invention is to 
provide an improved composition of matter useful to 
generate the gas to inflate an air bag wherein the composition 
does not have the disadvantages of prior compositions.

An additional object is to provide a composition 
which is stable during storage for long periods of time, 
which does not pick up water, which does not burn more 
slowly aft.er storage and which does not exhibit other undesirable 
changes during storage.

Another object is to provide an improved gas­
generating composition of matter which upon burning, produces 
less carbon monoxide than prior compositions.

Still another object is to provide an improved 
composition that burns at a lower temperature than prior 
compositions.

The invention may be better understood by reference 
to the drawings wherein:

Figure 1 is a schematic representation of an 
occupant restraint system of the present invention; and

Figure 2 is a gas generator used to hold the gas 
generating composition of matter of the present invention 
and use it in the system of Figure 1? and

Figure 3 is a sectional view taken along line 3-3 
of Figure 2, but showing only the gas generating composition; 
and

Figure 4 is a graph showing the unexpectedly lower 
rate of water sorption of compositions of the present invention 
compared to another composition.
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According to the present invention there is 

provided an apparatus for minimizing injury to 
vehicle occupants in the event of sudden deceleration of 
the vehicle. The apparatus comprises: , ·-

I. an uninflated, inflatable bag; and
II. a replaceable cartridige comprising:

(a) a container; and
(b) a high-pressure inert gas within the container;

and
(c) a gas-generating composition within the 

container; and
III. means responsive to sudden deceleration of the 

vehicle for igniting the gas-generating composition of 
matter, for burning the gas-generating composition thereby 
producing combustion products, for mixing these combustion 
products with the high pressure inert gas to form a warm 
gas mixture within the container and for utilizing this 
warm gas mixture to inflate the inflatable bag;

wherein the gas-generating composition comprises: 
a nontoxic, noncorrosive, and nonflammable combustible, 
gas-generating composition of matter comprising:

A. plasticized polyvinyl chloride fuel binder; and
B. an inorganic oxidizer salt selected from the group 

consisting of: alkali metal chlorates, alkali metal perchlorates, 
alkaline earth metal chlorates, alkaline earth metal perchlorates 
and mixtures thereof; and

C. lithium carbonate; and
wherein the oxidizer is present in an amount at 

least sufficient to convert all available carbon to carbon 
dioxide and to convert all available hydrogen to water and 
to fully oxidize all available alkaline earth metal; and

wherein the lithium carbonate is present in an 
amount at least sufficient to convert all available halogen 
to lithium halide. .

-3-
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Referring now to the drawings in general and in 
particular to Figures 1 and 2 there is shown an apparatus 10 
of the present invention. The apparatus 10 is useful for 
minimizing injury to the occupants of a vehicle if the 
vehicle suddenly decelerates. The apparatus 10 comprises 
an uninflated, inflatable bag 12 and a replaceable
cartridge 14. The cartridge 14 comprises a container 16.
Within the container 16 is a high pressure, inert gas 18
and a gas-generating composition 20 housed in the propellant 
case 17. The apparatus 10
also has an igniter 22 and squib 23 in series with a deceleration- 
responsive· switch 24 and a power source 26.

Referring now to Figure 2, it can be seen tb t 
the igniter 22 is adjacent to the composition 20. When 
the igniter 22 is energized it forces hot gases through the 
holes 28, 29, 30 (see Figure 3) in the composition 20.
The squib 23 is energized simultaneously with the igniter 22, 
and ruptures the burst disc 37 venting the cylinder.
The composition 20 then burns creating combustion
products which rupture the disc 31 and pass through the
orifice 32 into the mixing zone 34. In the zone 34 these
combustion products mix with the inert gas 18. The
resultant hot mixture passes through the filter 36,
through the orifices 38, 40 and into an intermediate
chamber 42. The gasses pass from the intermediate
chamber 42 through the diverter orifices 44, 46, 48, 50 and
into the gas distribution chamber 52. The hot gases then leave
the chamber 52 through a large number of orifices
such as orifices 54, 55, 56. These orifices
54, 55, 56 are aligned in the apparatus 10 with
a passage (not shown) which directs the gasses to the
bag 12 causing it to inflate.

-4-
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The inert gas useful in the present invention can

bev, nitrogen, helium or argon or mixtures thereof. Argon is
preferred because of cost, availability and nonreactivity.
The pressure of the inert gas in the zone 34 can vary widely 

· 2but is generally between about 140 and 710 kg/m (1000 to 
5000 psi), but is preferably 355 to 500 kg/m^ (2500 to 3500 

psi) .
The composition of matter of the present invention 

includes an inorganic oxidizer salt selected from the group 
consisting of: alkali metal chlorates, alkali metal perchlorates, 
alkaline earth metal chlorates, alkaline earth metal perchlorates 
and mixtures thereof.

The oxidizer is present in an amount at least 
sufficient to convert all available carbon to carbon dioxide 
and to convert all available hydrogen to water and to fully 
oxidize all available metal to its primary oxide. As used 
herein the term, available metal means that amount of the 
metal which does not react with chlorine to form its chloride.
The primary oxide of a metal is that oxide containing the 
greatest amount of oxygen. For example ZrC^ is the primary 
oxide of zirconium since it contains more oxygen than does 
ZrO or for that matter any other oxide of zirconium.

As used herein the term, available halogen, 
means the halogen such as the chlorine released by the 
polyvinyl chloride but not the halogen in any alkali metal 
oxidizer salt present. Examples of oxidizer salts which 
produce available halogen are the alkaline earth metal 
chlorates and alkaline earth metal perchlorates and 
strontium perchlorate in particular.

The lithium carbonate is present in the 
composition in an amount at least sufficient to convert 
all available halogen to lithium halide. An excess of 
lithium carbonate is not harmful. In one preferred 
embodiment of the present invention the molar ratio of 
lithium carbonate to available halogen is 1:1 to 1.3:1.

-5-
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The term polyvinyl chloride as used herein 
includes both the homopolymer and an interpolymer containing 
up to about ten percent·(10%) by weight of a copolymerizable 
component such as vinyl acetate or vinylidene chloride. 
Preferably the polyvinyl chloride is essentially fully 
polymerized and is employed in the form of plastisol-grade 
spheroidal particles.

Any organic liquid plasticizer compatible with 
,, polyvinyl chloride can be employed. Such plasticizers are

< r

' " well known in the art. Preferably the plasticizer is of
t * *

« ’’ the type suitable for fluid plastisol formation, as
0 9

„S for example, alkyl and alkoxyalkyl adipates, sebacates,
and phthalates. Specific examples include dibutyl sebacate, 
dioctyl sebacate, dibutyl phthalate, dioctyl phthalate,♦ « « <
dimethoxyethyl phthalate, dibutyl adipate, dioctyl adipate, 
di(3,5,5-trimethylhexyld adipate. Other plasticizers 
include glycol esters of higher fatty acids. The 
plastisol-forming plasticizers are high boiling solvents for the

FU < polyvinyl chloride which form fluid suspensions with the
particles of polyvinyl chloride at ordinary temperatures

( 8 0

*- *.! because of the low solubility at such temperatures
“.••‘i and dissolve the polyvinyl chloride at elevated temperatures

to form a solid gel.< 0 «
The preferred weight ratio of polyvinyl chloridei » o

"«5 to plasticizer is generally from about 1:5 to 5:1 and
preferably from 2:3 to 3:2.

The compositions of the present invention can 
accomodate up to as much as ninety percent (90%) by weight 
of added solids if the particle sizes of the added solids 
are properly selected and distributed, without loss of 
adequate fluidity to permit casting and curing without the 
application of high pressures.

-6-



-η-

ί · The invention is further illustrated by the
( following examples in which all parts and percentages are
, by„weight unless otherwise indicated. These non-limiting1 ·
I examples are illustrative of certain embodiments designed
i to teach those skilled in the art how to practice the
'1 invention and to represent the best mode presently known
| for carrying out the invention.
•j Example 1
j This example is illustrative of the present

invention.; β 9 O
. The following quantities of the following

S ν’ // ingriedients are combined as indicated.
a 9 ©
6f <5 β

0 CO
Item Ingredient Parts by weight

0 4 Q
Q © 0 A polyvinyl chloride 5733

0 t> O
0 0 β

9 0 0 8
B dioctyl adipate 8600 '
C Ferro 1203 229
D carbon black 50
E lithium carbonate 3388
F potassium perchlorate 82000

1 4 «
«1 4 Items A through F inclusive ■were placed in
« 1 o a mixing bowl and throughly mixed and then formed into
*

0
test samples approximately the size of a cigarette at a

; l i « 4 
j a temperature of about 335°F and allowed to cool to room
1 4 «

«4 «
temperature (20°C). The resultant product is termed

« *4

t « o "Arcite 497L".
« * β

I 4 < The burning rate measured by the Crawford Bomb
Test just after manufacture was found to be 38.4 mm

2(1.51 inches) per second at a pressure of 284kg/m
(2000 psi). Some years later after ambient storage in 
non-hermetic containers the burning rate was 
surprisingly found to be undiminished and was 38.9 mm 
(1,53 inches) per second under the same conditions. 
There were no observed visual changes and no mechanical 
changes during storage.

-7-
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Example 2

This example is not illustrative of the present 
invention. This example shows the undesirable water 
absorption when the lithium carbonate employed .in

•v.
inventive compositions is replaced by sodium carbonate.

The following quantities of the following 
ingriedients are combined as indicated.
Item Ingredient Parts by wei<

0 0-9 A polyvinyl chloride 5594
0 V 9

© © 0 B dioctyl adipate 8390
O> © 00 O * C Ferro 1203 224
© 0 © j © ©« c * a D carbon black 50

© O ©
9 0 00 OO E sodium carbonate 4742
0 © ©© © Q F ' potassium perchlorate 81000 ■

Items A through F inclusive were placed in

ft ft « ft « 4( ft ft

a mixing bowl and throughly mixed and then formed into 
test samples approximately the size of a cigarette at 
a temperature of about 168°C (335°F) and allowed to cool 
room temperature (20°C). The resultant product is 
termed "Arcite 497C".

The rate of water absorption of the non-inventive 
Arcite 497C of this example is compared to that of inventive 
Arcite 497L produced as described in Example 1. The 
results are shown on the graph reproduced as Figure 4 
wherein the percent of water absorbed is plotted on the 
y-axis and the length of time in days is plotted on the 
x-axis. The curve 58 is that of the inventive Pucite 497L 
of Example 1, whereas the curve 60 is that of the comparative 
composition, Arcite 497C containing sodium carbonate in 
place of lithium carbonate. As can be seen by reference to 
Figure 4 the non-inventive, sodium carbonate containing 
composition picks up as much as almost three percent water 
over about thirty days whereas the inventive composition 
picks up almost no water as shown by the flat curve 58.

-8- ·
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£sj

Although the invention has been described in 
considerable detail with reference to certain preferred 
embodiments thereof, it will be understood <that variations 
and modifications can be made without departing from the 
Spirit and scope of the invention as described above and 
as defined in the appended claims.

h 5 f «

0

t 9 
t 4 0

I 9 6

« * β
« 1 * < i < <

I < 1

© 6 0 Q ©Ο0 v 4
0© <3 « © ό « © ©

o 6 a oo o£> ('#
©4 ώ© ο βΟ 6 «

< t 3♦ * »
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The claims defining the invention, are as follows :-

*· 1. A gas-generating composition of matter which
burns to produce a non-toxic, non-corrosive, non­
flammable combustion product, said composition of matter 
comprising:

A. plasticized polyvinyl chloride fuel binder; and
B. an inorganic oxidizer salt selected from the group 

consisting of: alkali metal chlorates, alkali metal perchlorates,e o 9 
BO 0» °· alkaline earth metal chlorates, alkaline earth metal perchlorates

a β 0

fco and mixtures thereof; and
° C. lithium carbonate; and
o°.wherein the oxidizer is present in an amount at0 0 4-.
« »· least· sufficient to convert all available carbon to carbon©Oft >

dioxide and to convert all available hydrogen to water and 
to fully oxidize all available alkaline earth metal; and

wherein the lithium carbonate is present in an 
amount at least sufficient to convert all available halogen 
to lithium halide.

t>« i

© 0 0 0 © ©4» ©ft
0© ©ft © 6 44 ft

ft © « ft 0 4
0 4 »

0 4 ft4 «4• » ft

2. The composition of Claim 1 wherein the 
weight ratio of polyvinyl chloride to plasticizer
is from about 1:5 to 5:1.

3. The composition of Claim 1 wherein the 
weight ratio of polyvinyl chloride to plasticizer
is from about 2:3 to 3:2.

4. The composition of Claim 1 wherein the 
molar ratio of lithium carbonate to available halogen 
is from about 1:1 to about 1.3:1.

5. The composition of Claim 1 wherein the 
oxidizer is potassium perchlorate.

-10-
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6. An apparatus for minimizing injury to 

vehicle occupants in the event of sudden deceleration of 
the vehicle; said apparatus comprising:

I. an uninflated, inflatable bag; and
II. a replaceable cartridige comprising:

(a) a container; and
(b) a high-pressure inert gas within the container;

and
(c) a gas-generating composition within the 

container; and
III. means responsive to sudden deceleration of the 

vehicle for igniting the gas-generating composition of 
matter, for burning the gas generating composition thereby 
producing combustion products, for mixing these combustion 
products with the high pressure inert gas to form a warm 
gas mixture within the container and for utilizing this 
warm gas mixture to inflate the inflatable bag;

wherein the gas-generating composition comprises:
A. plasticized polyvinyl chloride fuel binder; and
B. an inorganic oxidizer salt selected from the group 

consisting of: alkali metal chlorates, alkali metal perchlorates, 
alkaline earth metal chlorates, alkaline earth metal
perchlorates and mixtures thereof; and

C. lithium carbonate; and
wherein the oxidizer is present in an amount 

at least sufficient to convert all available carbon to 
carbon dioxide and to convert all available hydrogen to 
water and to fully oxidize all available alkaline earth 
metal; "and

wherein the lithium carbonate is present in an 
amount at least sufficient to convert all available halogen 
to lithium halide.

-11-
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7. The apparatus of Claim 6 wherein the
inert gas is argon. ■

8. The apparatus of Claim 6 wherein the 
inert gas is present at a pressure of from about 
1000 to 5000 psi.

: ¢8 o! Q t C> , O ftί
' o« c*
I O <5f 0 c> ft
. O ft o■; ft 0 O

c c $ o
β .- ύ

ft & 4
a o

t a <i »f < r ί

9. The apparatus of Claim 6 wherein the 
inert gas is present at a pressure of from about 
2500 to 3500 psi.
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