
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

34
6 

79
7

B
1

TEPZZ ¥46797B_T
(11) EP 2 346 797 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
14.08.2019 Bulletin 2019/33

(21) Application number: 09826541.6

(22) Date of filing: 27.10.2009

(51) Int Cl.:
C06B 21/00 (2006.01) C06B 23/00 (2006.01)

C06B 45/02 (2006.01) C06D 5/06 (2006.01)

(86) International application number: 
PCT/US2009/062223

(87) International publication number: 
WO 2010/056512 (20.05.2010 Gazette 2010/20)

(54) GAS GENERATING COMPOSITIONS HAVING GLASS FIBERS

GASERZEUGENDE ZUSAMMENSETZUNGEN MIT GLASFASERN

COMPOSITIONS DE GÉNÉRATION DE GAZ COMPORTANT DES FIBRES DE VERRE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(30) Priority: 12.11.2008 US 269333

(43) Date of publication of application: 
27.07.2011 Bulletin 2011/30

(73) Proprietor: Autoliv ASP, Inc.
Ogden, UT 84405 (US)

(72) Inventors:  
• MENDENHALL, Ivan V.

Providence
Utah 84332 (US)

• LUND, Gary K.
Malad City
Idaho 83252 (US)

(74) Representative: Vigand, Philippe et al
Novagraaf International SA 
Chemin de l’Echo 3
1213 Onex - Genève (CH)

(56) References cited:  
EP-A2- 0 281 833 EP-A2- 1 275 629
WO-A1-2007/012348 US-A- 5 074 938
US-A- 5 460 668 US-A- 5 780 767
US-A- 6 083 331 US-A- 6 143 102
US-A1- 2007 084 531 US-B1- 6 214 138
US-B1- 6 689 237  



EP 2 346 797 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] The present disclosure generally relates to inflatable restraint systems and more particularly to pyrotechnic
gas-generating compositions containing glass fibers for use in such systems.

INTRODUCTION

[0002] The statements in this section provide background information related to the present disclosure and may not
constitute prior art.
[0003] Passive inflatable restraint systems are used in a variety of applications, such as motor vehicles. Certain types
of passive inflatable restraint systems minimize occupant injuries by using a pyrotechnic gas generant to inflate an airbag
cushion (e.g., gas initiators and/or inflators) or to actuate a seatbelt tensioner (e.g., micro gas generators), for example.
Automotive airbag inflator performance and safety requirements continually increase to enhance passenger safety.
[0004] Gas generant and initiator material selection involves addressing various factors, including meeting current
industry performance specifications, guidelines and standards, generating safe gases or effluents, durational stability
of the materials, and cost-effectiveness in manufacture, among other considerations. Further, the pyrotechnic gas gen-
erant compositions must be safe during handling, storage, and disposal.
[0005] Important variables in inflator gas generant design include improving gas generant performance with respect
to gas yield, relative quickness as determined by observed burning rate, and cost. In general, a burn rate for a gas
generant composition can be represented by: 

where rb is burn rate (linear); k is a constant; P is pressure, and n is a pressure exponent, where the pressure exponent
is the slope of a linear regression line drawn through a logarithmic-logarithmic plot of linear burn rate (rb) versus pressure
(P).
[0006] One important aspect of a gas generant material’s performance is combustion stability, as reflected by its burn
rate pressure sensitivity, which is related to the pressure exponent or the slope of the linear regression line of the
logarithmic-logarithmic plot of burn rate (rb) versus pressure (P). It is generally desirable to develop gas generant materials
which exhibit reduced or lessened burn rate pressure sensitivity, as gas generant materials exhibiting higher burn rate
pressure sensitivity can potentially lead to undesirable performance variability, such as when the corresponding material
or formulation is reacted under different pressure conditions.
[0007] Document EP0281833A2 discloses a gas-generating composition including solder glass, and document
US5460668A discloses a nonazide gas generating composition including powdered glass, with reduced toxicity upon
combustion.

SUMMARY

[0008] In order to overcome the aforementioned problems, the invention provides a gas generant composition as
defined in claim 1, and a method for lessening burn rate pressure sensitivity in a gas generant as defined in claim 12.
In various aspects, the present disclosure provides methods for making a gas generant and the compositions produced
thereby. In certain aspects, a gas generant composition comprises at least one fuel and at least one oxidizer. Gas
generant compositions comprising the at least one fuel and the at least one oxidizer have a burn rate that is susceptible
to pressure sensitivity during combustion (in the absence of any pressure sensitivity modifying glass fiber particles). In
accordance with the present teachings, the gas generant composition further comprises a plurality of pressure sensitivity
modifying glass fiber particles, which optionally comprise at least one compound selected from the group consisting of
silicon dioxide, aluminosilicate, borosilicate, calcium aluminoborosilicate, and combinations thereof. In certain aspects,
the plurality of pressure sensitivity modifying glass fiber particles comprises calcium aluminoborosilicate glass fibers,
which are typically referred to as "E" glass milled fibers. Thus, when the plurality of pressure sensitivity modifying glass
fiber particles is included in the gas generant composition, the gas generant has a reduced pressure sensitivity and/or
increased combustion stability during combustion as compared to a comparative gas generant (having at least one fuel
and at least one oxidizer, but lacking the plurality of pressure sensitivity modifying glass fiber particles). In certain aspects,
the gas generant has a linear burn rate pressure exponent of less than or equal to about 0.6 with the pressure sensitivity
modifying glass fiber particles.
[0009] In other aspects, a gas generant grain comprises a mixture comprising at least one fuel and at least one oxidizer.
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Such a gas generant grain comprises a mixture having a burn rate that is susceptible to pressure sensitivity during
combustion. In certain variations, an oxidizer comprises a primary oxidizer and a secondary oxidizer that comprises a
perchlorate-containing compound. The gas generant grain comprises a plurality of pressure sensitivity modifying glass
fiber particles distributed in the fuel mixture at greater than or equal to about 1% and less than about 10% by weight,
where the plurality of pressure sensitivity modifying glass fibers reduces pressure sensitivity of the fuel mixture during
combustion, so that the gas generant composition has a linear burn rate pressure exponent of less than or equal to
about 0.6. In certain aspects, such a fuel mixture can comprise guanidine nitrate; a primary oxidizer comprising basic
copper nitrate; and a secondary oxidizer selected from an alkali metal perchlorate, an ammonium perchlorate, and
combinations thereof.
[0010] In yet other aspects, the present disclosure provides a method for lessening burn rate pressure sensitivity in
a gas generant, the method comprising introducing a plurality of pressure sensitivity modifying glass fiber particles to a
mixture comprising at least one fuel and at least one oxidizer to form the gas generant. In certain aspects, the gas
generant has a burn rate that is susceptible to pressure sensitivity during combustion and after introducing the pressure
sensitivity modifying glass fibers, the gas generant pressure sensitivity is reduced and/or combustion stability is enhanced.
In certain aspects, the gas generant composition has a linear burn rate pressure exponent of less than or equal to about
0.6 during combustion.
[0011] Further areas of applicability will become apparent from the description provided herein. It should be understood
that the description and specific examples are intended for purposes of illustration only and are not intended to limit the
scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present disclosure will become more fully understood from the detailed description and the accompanying
drawings, wherein:

Figure 1 is a partial cross-sectional view of an exemplary passenger-side airbag module including an inflator for an
inflatable airbag restraint device;
Figure 2 reflects comparative gas generant performance of an inflator (time versus pressure) of a conventional prior
art gas generant composition exhibiting pressure sensitivity during combustion and combustion performance of a
gas generant material prepared in accordance with the present teachings having pressure sensitivity modifying
glass fiber particles;
Figure 3 is a simplified schematic of an exemplary spray drying process;
Figure 4 is a combustion profile (logarithm of burn rate (rb) versus a logarithm of pressure (P)) for a gas generant
material lacking pressure sensitivity modifying glass fiber particles;
Figure 5 is a combustion profile (logarithm of burn rate (rb) versus a logarithm of pressure (P)) for a gas generant
material having 1% by weight pressure sensitivity modifying glass fiber particles;
Figure 6 is a combustion profile (logarithm of burn rate (rb) versus a logarithm of pressure (P)) for a gas generant
material having 3% by weight pressure sensitivity modifying glass fiber particles; and
Figure 7 is a combustion profile (logarithm of burn rate (rb) versus a logarithm of pressure (P)) for a gas generant
material having 5% by weight pressure sensitivity modifying glass fiber particles.

DETAILED DESCRIPTION

[0013] The present disclosure is drawn to gas generant compositions and methods for making such gas generant
compositions. Gas generants, also known as ignition materials, propellants, gas-generating materials, and pyrotechnic
materials are used in inflators of airbag modules, such as a simplified exemplary airbag module 30 comprising a passenger
compartment inflator assembly 32 and a covered compartment 34 to store an airbag 36 of Figure 1. A gas generant
material 50 burns to produce the majority of gas products that are directed to the airbag 36 to provide inflation. Such
devices often use a squib or initiator 40 which is electrically ignited when rapid deceleration and/or collision is sensed.
The discharge from the squib 40 usually ignites an igniter material 42 that burns rapidly and exothermically, in turn,
igniting a gas generant material 50.
[0014] The gas generant 50 can be in the form of a solid grain, a pellet, a tablet, or the like. Impurities and other
materials present within the gas generant 50 facilitate the formation of various other compounds during the combustion
reaction(s), including additional gases, aerosols, and particulates. Often, a slag or clinker is formed near the gas generant
50 during burning. The slag/clinker often serves to sequester various particulates and other compounds. However, a
filter 52 is optionally provided between the gas generant 50 and airbag 36 to remove particulates entrained in the gas
and to reduce gas temperature of the gases prior to entering the airbag 36. The quality and toxicity of the components
of the gas produced by the gas generant 50, also referred to as effluent, are important because occupants of the vehicle
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are potentially exposed to these compounds. It is desirable to minimize the concentration of potentially harmful compounds
in the effluent.
[0015] Various different gas generant compositions (e.g., 50) are used in vehicular occupant inflatable restraint sys-
tems. Gas generant material selection involves various factors, including meeting current industry performance speci-
fications, guidelines and standards, generating safe gases or effluents, handling safety of the gas generant materials,
durational stability of the materials, and cost-effectiveness in manufacture, among other considerations. It is preferred
that the gas generant compositions are safe during handling, storage, and disposal, and preferably are azide-free.
[0016] In various aspects, the gas generant typically includes at least one fuel component and at least one oxidizer
component, and may include other minor ingredients, that once ignited combust rapidly to form gaseous reaction products
(e.g., CO2, H2O, and N2). One or more compounds undergo rapid combustion to form heat and gaseous products; e.g.,
the gas generant burns to create heated inflation gas for an inflatable restraint device or to actuate a piston. In certain
aspects, the gas generant comprises a redox-couple having at least one fuel component. The gas-generating composition
also includes one or more oxidizing components, where the oxidizing component reacts with the fuel component in order
to generate the gas product.
[0017] In accordance with various aspects of the present disclosure, gas generants are provided that have desirable
compositions that result in superior performance characteristics in an inflatable restraint device, while reducing overall
cost of gas generant production. In certain aspects, select gas generant compositions may fulfill various desirable criteria
for gas generant performance; however, may suffer from combustion instability, such as having a linear burn rate that
is susceptible to pressure sensitivity during combustion. Gas generants that exhibit pressure sensitivity during combustion
may have variable or fluctuating burn rates during combustion depending on changing pressure conditions causing
various potentially detrimental conditions, including variable and potentially unpredictable combustion performance and
potentially excessive effluent species. In certain cases, such gas generants may extinguish and potentially re-burn,
exacerbating undesirable effects. It is desirable to employ gas generant compositions that have relatively consistent
performance during combustion, including burn rates that are relatively independent of pressure (e.g., pressure insen-
sitive).
[0018] In various aspects, gas generants of the present disclosure comprise a pyrotechnic mixture comprising at least
one fuel and at least one oxidizer that exhibits a burn rate that suffers from undesirable pressure sensitivity during
combustion. While all gas generants exhibit some pressure sensitivity, adverse or undesirable pressure sensitivity
potentially impacts combustion instability. As referred to herein, "pressure sensitivity" is meant to refer to undesirable
pressure sensitivity of a gas generant resulting in combustion variability and instability. By way of example, an increase
in pressure sensitivity at lower operating pressures (e.g., less than 6.895 MPa (1,000 psi)) may lead to undesirable
combustion instability. To minimize pressure sensitivity, it is desirable to have a gas generant material with a linear burn
rate exhibiting a relatively constant slope (a slope of a linear regression line drawn through a logarithmic - logarithmic
plot of burn rate (rb) versus pressure (P)) over the range of typical operating pressure for a gas inflator, for example,
about 6.895 MPa (1,000 psi) to about 34.474 MPa (5,000 psi). In various aspects, a gas generant composition is provided
that has enhanced combustion stability performance, in particular, a reduced burn rate pressure sensitivity of the gas
generant material as it is used in an inflator device.
[0019] In certain aspects, a gas generant material having an acceptable pressure sensitivity has a linear burning rate
slope of less than or equal to about 0.60, optionally less than or equal to about 0.50. A material having a burn rate slope
of less than or equal to about 0.60, optionally less than or equal to about 0.50 fulfills hot to cold performance variation
requirements, and can reduce performance variability and pressure requirements of the inflator as well. Thus, in various
aspects, it is desirable that the gas generant materials have a constant slope over the pressure range of inflator operation,
which is typically about 6.895 MPa (1,000 psi) to about 34.474 MPa (5,000 psi) and desirably has a constant slope that
is less than or equal to about 0.60. In this regard the gas generants of the present disclosure have improved pressure
sensitivity (i.e., reduced pressure sensitivity) and enhanced combustion performance, for example, by having reduced
linear burn rate pressure sensitivity (i.e., a relatively low pressure exponent (n) or slope of a linear regression line drawn
through a log-log plot of burn rate (rb) versus pressure (P)), higher linear burn rate (i.e., rate of combustion reaction),
higher gas yield (moles/mass of generant), higher achieved mass density, higher theoretical density, higher loading
density, or combinations thereof as will be discussed in more detail below.
[0020] In accordance with the present disclosure, various gas generant compositions exhibit a burn rate that suffers
from pressure sensitivity during combustion. Such gas generants comprise a glass fiber particle (e.g., a plurality of glass
fiber particles), which desirably lessens (e.g., diminishes, reduces, or minimizes) burn rate pressure sensitivity in com-
parison to a comparative gas generant composition having the same composition, but lacking the pressure sensitivity
reducing glass fiber particles. Exemplary glass fibers suitable for use as pressure sensitivity reducing components in
accordance with the present disclosure comprise silicon dioxide, aluminosilicates, borosilicates calcium aluminoboro-
silicate, or combinations thereof in an amorphous form, although such glass fibers may contain other elements or
compounds as are known to those of skill in the art. Particularly suitable pressure sensitivity modifying glass fibers
comprise calcium aluminoborosilicate.
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[0021] Certain calcium aluminoborosilicate-containing glass fibers are known as "E" glass milled fibers. A typical E-
glass composition is about 53.5% by weight silicon dioxide (SiO2), about 8% boron oxide (B2O3), about 14.5% aluminum
oxide (Al2O3), about 21.7% calcium oxide (CaO), and about 1.1% magnesium oxide (MgO). Other commercially available
fibers, similar to E fibers are A, B, C, and D type fibers, which typically contain different percentages of the same
ingredients, and are contemplated for use as pressure sensitivity modifying components in the present gas generant
compositions.
[0022] Glass can be manufactured into fibers, including continuous, semi-continuous, or blown fibers. Various methods
of forming fibers include spinning, direct melt, or marble melt processes where a molten glass stream is spun or can be
passed through an orifice and is cooled to form continuous fibers. Glass fibers for use in accordance with the present
disclosure can be formed by using conventional methods and equipment. For example, the glass compositions can be
formed into fibers by way of various conventional glass fiber manufacturing processes, such as rotary, CAT, modified
rotary processes, flame blown processes, and chopped strand or continuous filament glass fiber processes. Further,
glass fibers may be milled in conventional milling equipment. Milled glass fibers are particularly suitable for use in
conjunction with the present teachings. By way of example, glass fibers can be hammer-milled to various densities, thus,
in certain aspects, the pressure sensitivity modifying glass particle fibers comprise milled glass fibers, such as microglass
milled fibers. Thus, such glass fibers are included in a gas generant composition in accordance with the present teachings,
and have surprisingly demonstrated superior combustion stability and diminished burn rate pressure sensitivity for
materials that suffer from combustion instability reflected in pressure sensitive burn rate profiles.
[0023] As used herein, a glass particle fiber has an axial geometry with an aspect ratio (AR) of 10:1 to 50:1. Generally,
an aspect ratio (AR) for cylindrical shapes (e.g., a rod or fiber) is defined as AR = L/D where L is the length of the longest
dimension and D is the diameter of the cylinder or fiber. Glass fiber particles used in the present invention generally
have relatively high aspect ratios, ranging from 10:1 to 50:1, and in certain aspects having an aspect ratio of 10:1 to
about 20:1, by way of example. In certain aspects, an average length (i.e., longest dimension) of the glass fiber(s) is
greater than or equal to about 3 mm, optionally greater than or equal to about 5 mm, and in certain aspects, optionally
greater than or equal to about 10 mm. In certain embodiments, the dimension of the glass fibers used in accordance
with the present disclosure range from about 6 to about 13 mm in diameter and about 3 mm to about 24 mm in length.
In yet other aspects, the length of the glass fibers is greater than or equal to about 3 mm and less than or equal to about
600 mm. In certain aspects, an average diameter of the glass fibers is greater than or equal to about 10 mm and less
than or equal to about 50 mm.
[0024] One particularly suitable glass fiber is commercially available as Microglass Milled Fiber 9007D™ from Fibertec
Co., which is a microglass milled "E-glass" fiber (CAS No. 65997-17-3) having an average diameter of about 10 mm, a
length of about 150 mm (thus having an aspect ration of about 15:1) and an average density after hammermilling of
about 0.525 g/cm3.
[0025] In accordance with various aspects of the present disclosure, a gas generant composition has a stable com-
bustion profile and reduced burn rate pressure sensitivity. In certain aspects, the gas generant includes a fuel material
including at least one nitrogen-containing non-azide fuel and at least one oxidizer, such as basic copper nitrate, along
with a plurality of glass fiber particles. In certain embodiments, the gas generant composition optionally includes at least
one perchlorate-containing oxidizer, which unexpectedly enhances gas generant dynamic performance and effluent
behavior, as will be discussed in greater detail below. Further, in certain aspects, the gas generant is substantially free
of polymeric binder.
[0026] In certain aspects, the gas generants can be formed in unique shapes that optimize the ballistic burning profiles
of the materials contained therein, such as monolithic grains that are substantially free of binders, as disclosed in U.S.
Patent Publication No. 2007/0296190 (U.S. Serial No. 11/472,260) to Hussey et al. entitled "Monolithic Gas Generant
Grains,".
[0027] In certain aspects, the gas generant is formed from a gas generant powder created by a spray drying process.
In certain aspects, an aqueous mixture including a mixture of at least one fuel and at least one oxidizer, optionally
including a perchlorate-containing oxidizer, is spray dried to form a powder material. In certain aspects, the aqueous
mixture includes various other optional ingredients, as well. In certain embodiments, the aqueous mixture further includes
a plurality of glass fiber particles introduced and mixed therein, where the aqueous mixture is spray dried to produce a
gas generant powder. The powder is then pressed to produce grains of the gas generant.
[0028] In other embodiments, an aqueous mixture includes a mixture containing at least one fuel and at least one
oxidizer along with other optional ingredients that are spray dried to form a powder material. Then, the powder material
is mixed with a plurality of glass fiber particles and optionally a perchlorate containing oxidizer (e.g., dry blended). The
mixture of powder and glass fibers is then pressed to produce grains of the gas generant.
[0029] In various embodiments, the gas generant composition comprises at least one fuel. Preferably, the fuel com-
ponent is a nitrogen-containing compound, but is an azide-free compound. In certain aspects, preferred fuels include
tetrazoles and salts thereof (e.g., aminotetrazole, mineral salts of tetrazole), bitetrazoles (e.g., diammonium 5,5’-bitetra-
zole), 1,2,4-triazole-5-one, guanidine nitrate, nitro guanidine, amino guanidine nitrate and the like. These fuels are
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generally categorized as gas generant fuels due to their relatively low burn rates, and are often combined with one or
more oxidizers in order to obtain desired burn rates and gas production. In certain embodiments, the gas generant
comprises at least guanidine nitrate as a fuel component and may optionally comprise other suitable fuels, as well.
[0030] In certain embodiments, suitable pyrotechnic materials for the gas generants of the present disclosure comprise
a substituted basic metal nitrate. The substituted basic metal nitrate can include a reaction product formed by reacting
an acidic organic compound with a basic metal nitrate. Examples of suitable acidic organic compounds include, but are
not limited to, tetrazoles, imidazoles, imidazolidinone, triazoles, urazole, uracil, barbituric acid, orotic acid, creatinine,
uric acid, hydantoin, pyrazoles, derivatives and mixtures thereof. Examples of such acidic organic compounds include
5-amino tetrazole, bitetrazole dihydrate, and nitroimidazole. Generally, suitable basic metal nitrate compounds include
basic metal nitrates, basic transition metal nitrate hydroxy double salts, basic transition metal nitrate layered double
hydroxides, and mixtures thereof. Suitable examples of basic metal nitrates include, but are not limited to, basic copper
nitrate, basic zinc nitrate, basic cobalt nitrate, basic iron nitrate, basic manganese nitrate and mixtures thereof. Basic
copper nitrate has a high oxygen-to-metal ratio and good slag forming capabilities upon burn. By way of example, a
suitable gas generant composition optionally includes about 5 to about 60% by weight (wt. %) of guanidine nitrate co-
fuel and about 5 to about 95 wt. % substituted basic metal nitrate. However, any suitable fuels known or to be developed
in the art that can provide gas generants having the desired burn rates, and gas yields, are contemplated for use in
various embodiments of the present disclosure.
[0031] As appreciated by those of skill in the art, such fuel components may be combined with additional components
in the gas generant, such as co-fuels or oxidizers. For example, in certain embodiments, a gas generant composition
comprises a substituted basic metal nitrate fuel, as described above, and a nitrogen-containing co-fuel or oxidizer, like
guanidine nitrate. Suitable examples of gas generant compositions having suitable burn rates, density, and gas yield
for inclusion in the gas generants of the present disclosure include those described in U.S. Patent No. 6,958,101 to
Mendenhall et al.,. The desirability of use of various co-fuels, such as guanidine nitrate, in the gas generant compositions
of the present disclosure is generally based on a combination of factors, such as burn rate, cost, stability (e.g., thermal
stability), availability and compatibility (e.g., compatibility with other standard or useful pyrotechnic composition compo-
nents).
[0032] Thus, certain suitable oxidizers for the gas generant compositions of the present disclosure include, by way of
non-limiting example, alkali metal (e.g., elements of Group 1 of IUPAC Periodic Table, including Li, Na, K, Rb, and/or
Cs), alkaline earth metal (e.g., elements of Group 2 of IUPAC Periodic Table, including Be, Ng, Ca, Sr, and/or Ba), and
ammonium nitrates, nitrites, and perchlorates; metal oxides (including Cu, Mo, Fe, Bi, La, and the like); basic metal
nitrates (e.g., elements of transition metals of Row 4 of IUPAC Periodic Table, including Mn, Fe, Co, Cu, and/or Zn);
transition metal complexes of ammonium nitrate (e.g., elements selected from Groups 3-12 of the IUPAC Periodic Table);
metal ammine nitrates, metal hydroxides, and combinations thereof. One or more co-fuel/oxidizers are selected along
with the fuel component to form a gas generant that upon combustion achieves an effectively high burn rate and gas
yield from the fuel. One non-limiting, specific example of a suitable oxidizer includes ammonium dinitramide. The gas
generant may include combinations of oxidizers, such that the oxidizers may be nominally considered a primary oxidizer,
a second oxidizer, and the like.
[0033] In certain variations of the present disclosure, the gas generant composition comprises an oxidizer comprising
a perchlorate-containing compound, in other words a compound including a perchlorate group (ClO4

-). Such perchlorate
oxidizer compounds are typically water soluble. By way of non-limiting example, alkali, alkaline earth, and ammonium
perchlorates are contemplated for use in gas generant compositions. In certain aspects, the perchlorate-containing
oxidizer is selected from ammonium perchlorates and alkali metal perchlorates. Thus, particularly suitable perchlorate
oxidizer compounds include ammonium perchlorate (NH4ClO4), sodium perchlorate (NaClO4), potassium perchlorate
(KClO4), lithium perchlorate (LiClO4), and combinations thereof. In certain aspects, the oxidizer is selected from oxidizer
compounds including potassium nitrate (KNO3), strontium nitrate (Sr(NO3)2), sodium nitrate (NaNO3), ammonium per-
chlorate (NH4ClO4), sodium perchlorate (NaClO4), potassium perchlorate (KClO4), lithium perchlorate (LiClO4), mag-
nesium perchlorate (Mg(ClO4)2), and combinations thereof.
[0034] Oxidizing agents may be respectively present in a gas generant composition in an amount of less than or equal
to about 60% by weight of the gas generating composition; optionally less than or equal to about 50% by weight; optionally
less than or equal to about 40% by weight; optionally less than or equal to about 30% by weight; optionally less than or
equal to about 25% by weight; optionally less than or equal to about 20% by weight; and in certain aspects, less than
or equal to about 15% by weight of the gas generant composition. In certain aspects, where an oxidizer is a perchlorate
oxidizer, it is present in the gas generant at less than about 25% by weight. By way of example, a perchlorate-containing
oxidizer is present in certain embodiments at about 1% to about 20% by weight; optionally about 2 to about 15% by
weight; optionally about 3 to about 10% by weight of the gas generant.
[0035] In certain embodiments, a gas generant comprises at least one fuel component mixed with a combination of
oxidizers, including a primary oxidizer and a secondary oxidizer to form a gas generant composition. In certain variations,
a gas generant composition comprises at least one fuel component, such as guanidine nitrate or diammonium 5,5’-
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bitetrazole (DABT), mixed with a combination of oxidizers, including a primary oxidizer, such as basic copper nitrate or
ammonium nitrate, and a secondary oxidizer, such as potassium nitrate, to form a gas generant composition. In yet
other aspects, a fuel comprises a gas generant comprising at least one fuel component mixed with a combination of
oxidizers, including a primary oxidizer and a secondary oxidizer comprising a perchlorate-containing oxidizer. By way
of example, a fuel may include guanidine nitrate, a primary oxidizer comprising basic copper nitrate and a secondary
oxidizer comprising potassium perchlorate, to form a gas generant composition.
[0036] In accordance with the present teachings the gas generant composition comprises a plurality of pressure
sensitivity modifying glass fibers dispersed throughout the fuel mixture of the gas generant. In certain aspects, the
plurality of fibers is substantially homogenously mixed and distributed through the gas generant grain. The gas generant
composition optionally comprises greater than or equal to about 0 to less than or equal to about 10 wt. % of the glass
fibers; optionally greater than or equal to about 1 to less than or equal to about 5 wt. % of the glass fibers; optionally
greater than or equal to about 2 to less than or equal to about 4 wt. % of the glass fibers; and in certain aspects, optionally
greater than or equal to about 2.5 to less than or equal to about 3 wt.% of the glass fibers.
[0037] In certain aspects, a suitable gas generant composition comprises a fuel component present at about 40 to
about 60 wt. % of the total gas generant composition; a primary oxidizer present at about 25 to about 60 wt. % of the
total gas generant composition; and a secondary oxidizer at about 1 to about 20 wt. % of the total gas generant com-
position. The gas generant composition further comprises a plurality of pressure sensitivity modifying glass fiber particles
present at greater than or equal to about 1% and less than about 10% by wt. of the gas generant composition, in addition
to the fuel mixture. In yet other aspects, the gas generant comprises less than or equal to about 5% by weight of respective
other ingredients, such as less than or equal to about 5% by weight of a slag promoting agent and less than or equal to
about 5% by weight of a lubricating or press release agent.
[0038] In certain aspects, a gas generant composition comprises 5-amino tetrazole fuel at about 24 wt. %, ammonium
nitrate at about 65 to about 66 wt. %, potassium nitrate at about 6 to about 7 wt. %, and glass fibers at about 3 wt. %.
In certain aspects, such glass fibers are milled "E" type glass fibers comprising calcium aluminoborosilicate. In yet
another embodiment, a gas generant composition comprises diammonium 5,5’-bitetrazole (DABT) fuel at about 21 to
about 22 wt. %, ammonium nitrate at about 67 wt. %, and glass fibers (SiO2) at about 5 wt. %.
[0039] Other suitable additives for gas generants include slag forming agents, flow aids, viscosity modifiers, pressing
aids, dispersing aids, or phlegmatizing agents that can be included in the gas generant composition. The gas generant
compositions optionally include a slag forming agent, such as a refractory compound, e.g., aluminum oxide and/or non-
fiber based silicon dioxide, like fumed silicon dioxide. Notably, conventional slag forming silicon dioxide particles and/or
powder do not impact combustion stability or provide pressure sensitivity modification, as the glass fibers of the present
teachings do, as will be discussed in greater detail below. Other suitable viscosity modifying compounds/slag forming
agents include cerium oxide, ferric oxide, zinc oxide, titanium oxide, zirconium oxide, bismuth oxide, molybdenum oxide,
lanthanum oxide and the like. Generally, such slag forming agents may be included in the gas generant composition in
an amount of 0 to about 10 wt. %, optionally at about 0.5 to about 5 wt. % of the gas generant composition.
[0040] Coolants for lowering gas temperature, such as basic copper carbonate or other suitable carbonates, may be
added to the gas generant composition at 0 to about 20% by wt. Similarly, press aids for use during compression
processing, include lubricants and/or release agents, such as graphite, calcium stearate, magnesium stearate, molyb-
denum disulfide, tungsten disulfide, graphitic boron nitride, by way of non-limiting example, may also be added prior to
tableting or pressing and can be present in the gas generant at 0 to about 2%. While in certain aspects it is preferred
that the gas generant compositions are substantially free of polymeric binders, in certain alternate aspects, the gas
generant compositions optionally comprise low levels of certain acceptable binders or excipients to improve crush
strength, while not significantly harming effluent and burning characteristics. Such excipients include microcrystalline
cellulose, starch, carboxyalkyl cellulose, e.g., carboxymethyl cellulose (CMC), by way of example. When present, such
excipients can be included in gas generant compositions at less than 10 wt.%, optionally less than about 5 wt. %, and
optionally less than or equal to about 2.5 wt. %.
[0041] Additionally, other ingredients can be added to modify the burn profile of the pyrotechnic fuel material by
modifying pressure sensitivity of the burning rate slope, in addition to the glass fibers. Thus, a gas generant may include
a plurality of pressure sensitivity modifying agents, including the glass fiber and another distinct pressure sensitivity
modifying agent. One such example is copper bis-4-nitroimidazole, which is described, along with other similar additives
in more detail in U.S. Publication No. 2007/0240797 (U.S. Patent Application Serial No. 11/385,376) entitled "Gas
Generation with Copper Complexed Imidazole and Derivatives" to Mendenhall et al.. A total amount of pressure sensitivity
modifying agents, including the plurality of glass fibers, can be present in the present gas generant compositions at
greater than 0 to about 10 wt. %. Other additives known or to be developed in the art for pyrotechnic gas generant
compositions are likewise contemplated for use in various embodiments of the present disclosure, so long as they do
not unduly detract from the desirable burn profile characteristics of the gas generant compositions.
[0042] In certain aspects, the gas generant may include about 30 to about 70 parts by weight, more preferably about
40 to about 60 parts by weight, of at least one fuel (e.g., guanidine nitrate), about 25 to about 80 parts by weight of
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oxidizers (e.g., primary and secondary oxidizers, such as basic copper nitrate and potassium perchlorate), from greater
than 0 to about 10 parts by weight of pressure sensitivity modifying agents, including glass fibers comprising at least
one compound selected from the group consisting of silicon dioxide, aluminosilicate, borosilicate, calcium aluminoboro-
silicate; and combinations thereof; and optionally about 0 to about 5 parts by weight of slag forming agents like fumed
silica (SiO2) or equivalents thereof; and 0 to about 1 part by weight of press aids or release aids or lubricants.
[0043] Significant improvements in gas generant performance, including higher combustion stability are achieved in
accordance with the present teachings when pressure sensitivity modifying glass fiber agents, are included in the gas
generant compositions. Further, such glass fibers may be introduced to the gas generant prior to or during spray drying,
or in alternate aspects, after the gas generant powder has been formed via dry blending or mixing.
[0044] The gas-generating composition may be formed from an aqueous dispersion of one or more fuel components
that are added to an aqueous vehicle to be substantially dissolved or suspended. The oxidizer components are dispersed
and stabilized in the fuel solution either dissolved in the solution or optionally present as a stable dispersion of solid
particles. The solution or dispersion may also be in the form of a slurry. The aqueous dispersion or slurry is spray-dried
by passing the mixture through a spray nozzle in order to form a stream of droplets. The droplets contact hot air to
effectively remove water and any other solvents from the droplets and subsequently produce solid particles of the gas
generant composition, as will be described in greater detail below.
[0045] The mixture of components forming the aqueous dispersion may also take the form of a slurry, where the slurry
is a flowable or pumpable mixture of fine (relatively small particle size) and substantially insoluble particle solids sus-
pended in a liquid vehicle or carrier. Mixtures of solid materials, like the pressure sensitivity modifying glass fibers,
suspended in a carrier are also contemplated. In some embodiments, the slurry comprises particles or glass fibers having
an average maximum particle size of less than about 500 mm, optionally less than or equal to about 200 mm, and in
some cases, less than or equal to about 100 mm as discussed previously above. In certain embodiments, where a
perchlorate-containing oxidizer is selected as an oxidizer, it has an average particle size of less or equal to about 200
mm, optionally less than or equal to about 150 mm, and in certain aspects, less than or equal to about 100 mm. In
circumstances where the particle size of the perchlorate in the gas generant composition is important to performance
of the gas generant, it can be dry blended after the spray dry process at the desired particle size, since most perchlorates
have some water solubility. Thus, the slurry contains flowable and/or pumpable suspended solids and other materials
in a carrier.
[0046] Suitable carriers include aqueous solutions that may be mostly water; however, the carrier may also contain
one or more organic solvents or alcohols. In some embodiments, the carrier may include an azeotrope, which refers to
a mixture of two or more liquids, such as water and certain alcohols that desirably evaporate in constant stoichiometric
proportion at specific temperatures and pressures. The carrier should be selected for compatibility with the fuel and
oxidizer components to avoid adverse reactions and further to maximize solubility of the several components forming
the slurry. Non-limiting examples of suitable carriers include water, isopropyl alcohol, n-propyl alcohol, and combinations
thereof.
[0047] Viscosity of the slurry is such that it can be injected or pumped during the spray drying process. In some
embodiments, the viscosity is kept relatively high to minimize water and/or solvent content, for example, so less energy
is required for carrier removal during spray drying. However, the viscosity may be lowered to facilitate increased pumping
rates for higher pressure spray drying. Such adjustments may be made when selecting and tailoring atomization and
the desired spray drying droplet and particle size.
[0048] In some embodiments, the slurry has a water content of greater than or equal to about 15% by weight and may
be greater than or equal to about 20 wt. %, optionally about 30 wt. %, or optionally about 40 wt. %. In some embodiments,
the water content of the slurry ranges from about 15% to 85% by weight. As the water content increases, the viscosity
of the slurry decreases, thus pumping and handling become easier. In some embodiments, the slurry has a viscosity
ranging from about 50,000 to 250,000 mPa.s (50,000 to 250,000 centipoise). Such viscosities are believed to be desirable
to provide suitable rheological properties that allow the slurry to flow under applied pressure, but also permit the slurry
to remain stable.
[0049] In certain embodiments, a plurality of pressure sensitivity modifying agents, including glass fibers are mixed in
the aqueous gas generant dispersion, in accordance with the present teachings. Further, in some embodiments, a
quantity of non-fibrous silica (SiO2), like fumed silica particles, is included in the aqueous dispersion, which can act as
a slag forming oxidizer component, but can also serve to thicken the dispersion and reduce or prevent migration of solid
oxidizer particles and glass fibers in the bulk dispersion and droplets. The non-fibrous silica can also react with the
oxidizer during the redox reaction to form a glassy slag that is easily filtered out of the gas produced upon ignition of the
gas generant. The non-fibrous silica is preferably in very fine particulate form. In certain embodiments, preferable grades
of non-fibrous silica include those having average particle sizes of about 7 nm to about 20 nm, although in certain aspects,
silica having average particles sizes of less than or equal to about 50 mm may be employed as well.
[0050] In certain aspects when forming the aqueous dispersion, the composition is mixed with sufficient aqueous
solution to dissolve substantially the entire fuel component at the spray temperature; however, in certain aspects, it is
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desirable to restrict the amount of water to a convenient minimum in order to minimize the amount of water that is to be
evaporated in the spray-drying process. For example, the dispersion may have less than or equal to about 100 parts by
weight of water for about 30 to about 45 parts by weight of fuel component.
[0051] The oxidizer components may be uniformly dispersed in the fuel solution by vigorous agitation to form the
dispersion, where the particles of oxidizer are separated to a sufficient degree to form a stable dispersion. In the case
of water insoluble oxidizers, the viscosity will reach a minimum upon achieving a fully or near fully dispersed state. In
certain aspects, the oxidizers, like perchlorates, have an average particle size of less than or equal to about 200 mm. In
certain embodiments, pressure sensitivity modifying agent glass fibers are also uniformly mixed in the dispersion. A high
shear mixer may be used to achieve efficient dispersion of the oxidizer particles and optional pressure sensitivity modifying
agent glass fibers. The viscosity of the dispersion should be sufficiently high to prevent any substantial migration (i.e.,
fall-out or settling) of the solid particles and fibers in the mixture.
[0052] The spray drying process is used for forming particles and drying materials. It is suited to continuous production
of dry solids in powder, granulate, or agglomerate particle forms using liquid feedstocks of the redox couple components
to make the gas generant. Spray drying can be applied to liquid solutions, dispersions, emulsions, slurries, and pumpable
suspensions. Variations in spray drying parameters may be used to tailor the dried end-product to precise quality stand-
ards and physical characteristics. These standards and characteristics include particle size distribution, residual moisture
content, bulk density, and particle morphology.
[0053] Spray drying includes atomization of the aqueous mixture, for example, atomization of the liquid dispersion of
redox couple components into a spray of droplets. The droplets are then contacted with hot air in a drying chamber.
Evaporation of moisture from the droplets and formation of dry particles proceeds under controlled temperature and
airflow conditions. Powder may be continuously discharged from the drying chamber and recovered from the exhaust
gases using, for example, a cyclone or a bag filter. The whole process may take no more than a few seconds. In some
embodiments, the liquid dispersion or slurry is heated prior to atomization.
[0054] A spray dryer apparatus typically includes a feed pump for the liquid dispersion, an atomizer, an air heater, an
air disperser, a drying chamber, and a system for powder recovery, an exhaust air cleaning system, and a process
control system. Equipment, process characteristics, and quality requirements may be adjusted based on individual
specifications. Atomization includes forming sprays having a desired droplet size distribution so that resultant powder
specifications may be met. Atomizers may employ various approaches to droplet formation and include rotary (wheel)
atomizers and various types of spray nozzles. For example, rotary nozzles provide atomization using centrifugal energy,
pressure nozzles provide atomization using pressure energy, and two-fluid nozzles provide atomization using kinetic
energy. Airflow adjustment and configuration (co-current, counter-current, and/or mixed flow) may be used to control
the initial contact between spray droplets and the drying air in order to control evaporation rate and product temperature
in the dryer.
[0055] The aqueous dispersion of gas generant components may be atomized using a spray nozzle to form droplets
of about 40 mm to about 200 mm in diameter by forcing the droplets under pressure through a nozzle having one or more
orifices of about 0.5 mm to 2.5 mm in diameter. The droplets may be spray-dried by allowing the droplets to fall into or
otherwise contact a stream of hot air at a temperature in the range from about 80°C to about 250°C, preferably about
80°C to about 180°C. The outlet and inlet temperatures of the air stream may be different in order to achieve the heat
transfer required for drying the droplets. The preceding illustrative air temperature ranges are further indicative of ex-
amples of outlet and inlet temperatures, respectively.
[0056] Particles produced from the spray-dried droplets may comprise aggregates of very fine mixed crystals of the
gas generant components, having a primary crystal size of about 0.5 mm to about 5 mm in the thinnest dimension, and
preferably about 0.5 mm to about 1 mm. However, in certain embodiments, water insoluble oxidizer components can be
obtained in very small particle sizes and incorporated in the aqueous solution of dissolved fuel component to form a
dispersion, thereby reducing the water content required for the aqueous medium. Furthermore, the plurality of glass
fiber serve as nucleation sites, for example, forming prills (aggregates) in the spray drying process (e.g., in the spray drier).
[0057] Thus, the dried particles of gas generant may take the form of substantially cylindrical microporous aggregates
of fuel crystals (e.g., guanidine nitrate crystals) having a narrow size distribution within the range required for substantially
complete reaction with the oxidizers. For example, the spherical microporous aggregates may be about 20 mm to about
100 mm in diameter, the primary fuel crystals being about 0.5 mm to about 5 mm and generally about 0.5 mm to 1 about
mm in the thinnest dimension. Generally, particles of the solid oxidizer(s) and/or glass fibers are encapsulated by the
fuel crystals, where the oxidizer particles and/or glass fibers serve as crystal growth sites for the fuel component crystals.
The spray drying process produces very little ultrafine dust that could be hazardous in subsequent processing operations.
[0058] Spray drying a mixture of fuel (for example, guanidine nitrate) and a primary oxidizer (for example, basic copper
nitrate), and secondary oxidizer (for example, potassium perchlorate), along with an optional plurality of glass fibers,
may be accomplished using various spray drying techniques and equipment. An exemplary simplified spray drying
system is shown in Figure 3. A slurry source 252 contains a slurry comprising the individual components of the gas
generant, which is fed to a mixing chamber 254. The slurry is forced through one or more atomizing nozzles 256 at high
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velocity against a counter current stream of heated air. The slurry is thus atomized and the water removed. The heated
air is generated by feeding an air source 258 to a heat exchanger 260, which also receives a heat transfer stream 262.
The heat transfer stream 262 may pass through one or more heaters 264. The atomization of slurry in the mixing chamber
254 produces a rapidly dried powder that is entrained in an effluent stream 270. The effluent stream 270 can be passed
through a collector unit 272, such as a baghouse or electrostatic precipitator, which separates powder/particulates from
gas. The powder 274 is recovered from the collector unit 272 and can then be pelletized, compacted, or otherwise
fashioned into a shape suitable for use as a gas generant in an inflating device. The exhaust stream 276 from the
separator unit 272 can optionally be passed through one or more processes downstream as necessary, such as a
scrubber system 280.
[0059] The present methods may employ various spray driers as known in the art. For example, suitable spray drying
apparatuses and accessory equipment include those manufactured by Anhydro Inc. (Olympia Fields, IL), BUCHI Cor-
poration (New Castle, DE), Marriott Walker Corporation (Birmingham, MI), Niro Inc. (Columbia, MD), and Spray Drying
Systems, Inc. (Eldersburg, MD).
[0060] In certain aspects, a suitable spray drying process to form powdered or particulate materials includes those
processes described in U.S. Patent 5,756,930 to Chan et al, which describes two-fluid nozzle spray drying techniques.
Products produced by a single orifice fountain nozzle generally have a substantially larger particle size than that produced
from the two-fluid nozzle and is particularly suitable for tableting (i.e., pressing or compacting under pressure) without
requiring further processing. In certain aspects, this is advantageous compared to powder produced with the two-fluid
nozzle, which generally requires further roll compacting and regrinding after spray drying in order to produce a material
which can then be tableted. While either the two-fluid nozzle spray drying and single orifice fountain nozzle are suitable
for use in accordance with the present disclosure, in certain aspects, gas generant grains made by pressing material
produced with the single orifice fountain nozzle spray dry process are particularly suitable, in that they are generally
superior in compaction, density, and homogeneity.
[0061] In various aspects, the present methods may be used to produce a high burning rate gas generant composition,
including at least one fuel and at least one oxidizer. For example, a suitable non-limiting gas generant composition
includes a fuel selected from guanidine nitrate. 5-aminotetrazole and/or diammonium 5,5’-bitetrazole (DABT), a primary
oxidizer selected from basic copper nitrate, ammonium nitrate, and/or potassium nitrate, and a secondary perchlorate-
containing oxidizer, such as potassium perchlorate and/or ammonium perchlorate. The gas composition includes glass
fibers, for example from about 1 to about 10 wt. %. The gas generant composition may also include up to about 5% by
weight of a slag promoter, such as non-fibrous silicon dioxide. The process includes forming an aqueous mixture of the
components by first completely dissolving the guanidine nitrate and then adding the basic copper nitrate and potassium
perchlorate to the aqueous mixture to produce a slurry. As noted previously, the glass fibers may optionally be mixed
in the aqueous mixture and spray dried with the fuel mixture or can be dry blended after the gas generant powder is
formed. The slurry is spray dried with a single orifice fountain nozzle to produce a freely flowing powder. The resulting
powder is pressed into tablets, cylinders, or other geometries to produce grains suitable for use as a gas generant in
an inflatable restraint system. Resulting tablets and pellets produced using material from single orifice fountain nozzle
generally have fewer physical defects, such as voids and chips of the gas generant grain or pellet, as compared to
tablets and pellets produced using material from two-fluid nozzle.
[0062] In this regard, certain gas generant materials can be formed into a compressed monolithic grain shape, as
discussed previously above, which can have an actual density that is greater than or equal to about 90% of the maximum
theoretical density. According to certain aspects of the present disclosure, the actual density is greater than or equal to
about 93%, more preferably greater than about 95% of the maximum theoretical density, and even more preferably
greater than about 97% of the maximum theoretical density. In some embodiments, the actual density exceeds about
98% of the maximum theoretical density of the gas generant material. Such high actual mass densities in gas generant
materials are obtained in certain methods of forming gas generant grains in accordance with spray drying techniques
described above, where high compressive force is applied to gas generant raw materials that are substantially free of
binder.
[0063] In accordance with the present disclosure, the gas generant materials are in a dry powderized and/or pulverized
form. The dry powders are compressed with applied forces greater than about 345 MPa (50,000 psi), preferably greater
than about 414 MPa (60,000 psi), more preferably greater than about 448 MPa (65,000 psi), and most preferably greater
than about 510 MPa (74,000 psi). The powderized materials can be placed in a die or mold, where the applied force
compresses the materials to form a desired grain or tablet shape.
[0064] Further, it is preferred that a loading density of the gas generant is relatively high; otherwise a low performance
for a given envelope may result. A loading density is an actual volume of generant material divided by the total volume
available for the shape. In accordance with various aspects of the present disclosure, it is preferred that a loading density
for the gas generant shape is greater than or equal to about 60%, even more preferably greater than or equal to about
62%. In certain aspects, a gas generant has loading density of about 62 to about 63%.
[0065] As noted above, in certain aspects, the pressure sensitivity modifying agent glass fibers can be added to the
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gas generant powders after the powder is formed, for example, by spray drying. The plurality of glass fibers may be dry
blended or mixed with the powder prior to pressing or compaction. The dried particles or powder may be readily pressed
into pellets or grains for use in a gas-generating charge in inflatable restraints; e.g., air-bags. The pressing operation
may be facilitated by mixing the spray-dried gas generant particles with a quantity of water or other pressing aid, such
as graphite powder, calcium stearate, magnesium stearate and/or graphitic boron nitride, by way of non-limiting example.
The water may be provided in the form of a mixture of water and hydrophobic fumed silicon, which may be mixed with
the particles using a high shear mixer. The composition may then be pressed into various forms, such as pellets or
grains. In certain embodiments, suitable gas generant grain densities are greater than or equal to about 1.8 g/cm3 and
less than or equal to about 2.2 g/cm3.
[0066] In some embodiments, methods of making a gas generant use a processing vessel, such as a mix tank, in
order to prepare the gas generant formulation that is subsequently processed by spray drying. For example, the process-
ing vessel may be charged with water, guanidine nitrate, and oxidizers including basic copper nitrate and potassium
perchlorate, which are mixed to form an aqueous dispersion. The temperature of the slurry may be equilibrated at about
80°C to about 90°C for approximately one hour. Additives and components, such as additional fuel components, oxidizer
components, glass fibers, slagging aids, and the like may be added to the reaction mixture at this time. The resulting
aqueous dispersion is then pumped to the spray drier to form the dry powder or particulate gas generant product. Further
processing steps such as blending, pressing, igniter coating, and the like can then be preformed per standard procedures.

Example 1

[0067] Example 1 and Comparative Examples A and B are gas generants formed by mixing the constituents indicated
in Table 1 below at the indicated amounts. The gas generants are formed by blending the appropriate amount of each
ingredient in approximately 50% by weight hot water to form a slurry of approximately 20 grams of material based on
dry weight. The slurry is then dried at approximately 80°C with stirring to produce a granular powder. The dried granular
powder is then pressed into several pellets each 1.27 cm (0.5 inches) in diameter and approximately 1.27 cm (0.5 inches)
in length. The pellets are then ignited in a pressurized, closed vessel and the time of burning from one end measured.
This process is repeated at multiple pressures to produce data of burning rate versus pressure.
[0068] The generant mixtures for each of Comparative Examples A, B and Example 1 are similar to one another,
respectively containing a 5-amino tetrazole fuel, and a primary oxidizer of ammonium nitrate and a secondary oxidizer
of potassium nitrate. Comparative Example A contains 5 wt. % of untreated amorphous fumed silica particles commercially
available from Cabot Corp. as CAB-O-SlL® M-7D, having an average surface area of 200 m2/g and a bulk density of
125 g/l. Comparative Example B contains 3 wt. % of ground crystalline silica particles commercially available from U.S.
Silica Comp. as MIN-U-SIL® 40 having a size distribution of 98% of particles less than about 40 mm and an uncompacted
bulk density of about 800 g/l.
[0069] Example 1 contains about 5 wt. % of milled glass fibers, commercially available from Fibertec Co. as Fibertec
9007D. Example 1 and Comparative Examples A and B are tested for density and to characterize combustion data of
each respective gas generant, including burn rates at 6.895 MPa (1,000 pounds per square inch) and 20.7 MPa (3,000
psi). The burn rate profile is also characterized to find the burn rate constant and slope of burn rate 

where rb=burn rate (linear); k = is a constant and P= pressure and n= a pressure exponent, where the pressure exponent
is the slope of a linear regression line drawn through a log-log plot of burn rate (rb) versus pressure (P). As can be seen
from the combustion data, while the burn rates at 6.895 MPa (1,000 psi) and 20.7 MPa (3,000 psi), respectively, are
higher for Example 1 as compared to Comparative Examples A and B, the "n" pressure exponent (slope of a log-log
plot of burn rate (rb) versus pressure (P)) is significantly lower (0.55 versus 0.75 and 0.71, respectively). Moreover, the
burn rate constant (k) is desirably higher for Example 1 (0.009) than Comparative Example A (0.002) and Example B
(0.002). The lower pressure exponent and increased burn rate constant demonstrate improved combustion stability and
reduced pressure sensitivity for similar fuel mixtures, by introducing the pressure sensitivity modifying glass fibers to the
gas generant.
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Example 2

[0070] Example 2 and Comparative Examples C and D are gas generants formed by mixing the compounds indicated
in Table 2 below at the indicated amounts, formed and tested in the same manner as described in Example 1. The fuel
mixtures for each of Comparative Examples C-D and Example 2 are similar to one another, containing a diammonium
5,5’-bitetrazole (DABT) fuel and a primary oxidizer of ammonium nitrate and a secondary oxidizer of potassium nitrate.
Comparative Example C contains 5 wt. % of fumed silica particles CAB-O-SIL® M-7D and Comparative Example D
contains 5 wt. % of ground silica particles MIN-U-SIL® 40. Example 2 contains about 5 wt. % of milled glass fibers,
commercially available as Fibertec 9007D. Example 2 and Comparative Examples C and D are tested for density and
to characterize combustion data of each respective gas generant, including burn rates at 6.895 MPa (1,000 pounds per
square inch) and 20.7 MPa (3,000 psi).
[0071] As can be seen from the combustion data, while the burn rates at 6.895 MPa (1,000 psi) and 20.7 MPa (3,000
psi) are higher for Example 2 (0.34 at 6.895 MPa (1,000 psi) and 0.67 at 20.7 MPa (3,000 psi)) as compared to Comparative
Examples C (0.17 at 6.895 MPa (1,000 psi) and 0.39 at 20.7 MPa (3,000 psi)) and D (0.17 at 6.895 MPa (1,000 psi)
and 0.47 at 20.7 MPa (3,000 psi)), the "n" pressure exponent (slope of a log-log plot of burn rate (rb) versus pressure
(P)) is significantly lower (0.62 versus 0.73 and 0.92, respectively). Moreover, the burn rate constant (k) is desirably
higher for Example 2 (0.005) than Comparative Example C (0.001) and Example D (0.003). The significantly lower
pressure exponent and increased burn rate constant demonstrate improved combustion stability and reduced pressure
sensitivity for similar fuel mixtures by introduction of the glass fibers to the gas generant.

TABLE 1

Comparative Example 
(A)

Comparative Example 
(B)

Example (1)

Composition Wt. % Wt. % Wt. %

5-amino tetrazole 23.6 24.1 24.1

Ammonium Nitrate 65 66.4 66.4

Fumed silica Ground silica particles
Silica glass

fibers

SiO2 5 3 3

KNO3 6.5 6.5 6.5

Density g/cm3 1.73 1.73 1.68

Combustion Data

Rb@6.895 MPa (1000 psi) (cm/s (inches per 
second)) 0.66 (0.26) 0.79 (0.31) 0.99 (0.39)

Rb@ 20.7 MPa (3000 psi) (cm/s (ips)) 1.5(0.59) 1.72 (0.68) 1.83 (0.72)

Slope (n) 0.75 0.71 0.55

Constant (k) 0.002 0.002 0.009

TABLE 2

Comparative Example (C) Comparative Example (D) Example (2)

Composition Wt. % Wt. % Wt. %

Diammonium 5,5’-bitetrazole (DABT) 21.5 21.5 21.5

Ammonium Nitrate 66.8 66.8 66.8

Fumed silica Ground silica particles Silica glass fibers

SiO2 5 5 5

KNO3 6.7 6.7 6.7
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Example 3

[0072] The gas generant of Example 3 is formed by mixing the compounds indicated in Table 3 below at the indicated
amounts, which is pressed into a tablet having a dimension of 0.64 cm (0.25 inches) by 0.2 cm (0.080 inches) and
assembled into a standard inflator. Comparative Example E gas generant is also pressed into a tablet (0.64 by 0.2 cm
(0.25 by 0.080 inches)) in the same manner as Example 3 and assembled in the same type of standard inflator.

[0073] The inflators are deployed and performance, gas effluents, and particulate output are measured. Figure 2 shows
the gas generant performance of Example 3 and Comparative Example E during burning. The combustion stability of
Example 3 is improved, as can be observed based on the smooth pressure versus time curve obtain in a 60-liter inflator
tank. When Comparative Example E (lacking any glass fibers, but having fumed silica, like in Example 3) is deployed
in a 60-liter tank inflator, the combustion curve shows a pronounced dip between about 60 and 100 milliseconds, which
indicates undesirable pressure sensitivity. Not only does Example 3 demonstrate reduced pressure sensitivity during
the 60 to 100 millisecond interval (where the curve is significantly smoother), but also, the gas effluent and particulate
output is improved, as shown in Table 4 below.
[0074] Table 4 compares effluent generated from the tablet of Example 3 having pressure sensitivity modifying glass
fibers with a conventional gas generant tablet of Comparative Example E, having the same gas generant composition,
but lacking the glass fibers. The U.S. Council for Automotive Research (USCAR) issues guidelines for maximum rec-
ommended levels of effluent constituents in airbag devices. Desirably, the production of these effluents is minimized to
at or below these guidelines. Certain current USCAR guidelines for a driver-side inflatable restraint device are included
in Table 4.
[0075] Tests are performed for 30 minutes to develop a time weighted average (TWA) showing an average effluent
analysis during combustion of the gas generant by Fourier Transform Infrared Analysis (FTIR) showing that the nitrogen
oxide species, including NO and NO2, as well as ammonium, airborne particulates, and the like are improved when the
pressure sensitivity modifying glass fibers are included in the gas generant (Example 3). As can be observed, carbon
monoxide, ammonia, NO and NO2, airborne particulate, and average ambient part weight trace gas levels (effluent
levels) are below the USCAR standards. The average hot effluent is data from an inflator firing at 80°C. The amount of
particulate escaping the inflator is typically greater at hot conditions, so this generally predicts effluent production (which

(continued)

Fumed silica Ground silica particles Silica glass fibers

Density g/cm3 1.69 1.7 1.69

Combustion Data

Rb@6.895 MPa (1000 psi) (cm/s (ips)) 0.43 (0.17) 0.43(0.17) 0.86 (0.34)

Rb@20.7 MPa (3000 psi) (cm/s (ips)) 0.99(0.39) 1.19(0.47) 1.70 (0.67)

Slope (n) 0.73 0.92 0.62

Constant (k) 0.001 0.003 0.005

TABLE 3

Example (3) Comparative Example (E)

Composition Wt. % Wt. %

Guanidine Nitrate 50.34 51.85

Basic Copper Nitrate 41.92 43.18

Ammonium perchlorate 1.9 1.96

Calcium Stearate 0.13 0.13

Fumed SiO2 0.29 0.3

Aluminum Oxide 2.57 2.65

Glass Fiber SiO2 2.85 -
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has a reduced magnitude) expected at lower heat at ambient conditions.

Example 4

[0076] The gas generant of Examples 4-6 and Comparative Example F are formed by mixing the compounds indicated
in Table 5 below.

[0077] Each gas generant of Examples 4-6 and Comparative Example F are prepared to measure burn rate (rb) and
average pressure (P). Figure 5 represents the logarithmic-logarithmic plot of rb versus P for Example 4, Figure 6 represents
the log-log plot of rb versus P of Example 5, Figure 7 represents the log-log plot of rb versus P of Example 6; and Figure
4 is the log-log plot of rb versus P for Comparative Example F. As can be seen in Figure 4, for Comparative Example F,
the initial slope (n1’) (during the initial burn rate, for example, log pressure below about 2.75) relates to the pressure
exponent (n) of Equation 1. n1’ is about 0.6344 in Figure 4. In certain aspects, it is desirable to reduce pressure sensitivity
during the early and late stages of combustion, where the most pressure sensitivity is typically observed, as reflected
by a reduction in the so-called "initial slope" (n1). A subsequent slope (during later burning, where the log of pressure

TABLE 4

EFFLUENT 
SPECIES

EXAMPLE (3) 
Average (ppm)

COMPARATIVE EXAMPLE (E) 
Average (ppm)

USCAR Guideline Vehicle 
Limit (ppm)

Carbon 
Monoxide

248 273 461

Nitric Oxide 51 67 75

Nitrogen 
Dioxide

<1 6 5

Ammonia 2 4 35

Airborne 
Particulate

23 27 ---

Part Weight - 
Average Hot 544 883

---

TABLE 5

Exampl e (4) Example (5) Exampl e (6) Comparati ve Example (F) Baseline

Composition Wt. % Wt. % Wt. % Wt. %

Guanidine Nitrate 52.21 51.22 50.26 52.72

Basic Copper Nitrate 41.84 41.04 40.27 42.25

Ammonium perchlorate 1.94 1.9 1.87 1.96

Calcium Stearate 0.14 0.13 0.13 0.14

Fumed SiO2 0.29 0.29 0.28 0.29

Glass Fiber SiO2 0.97 2.85 4.67 --

Combustion Data Baseline Slope (n’)

Slope (n1) - initial 0.5686 0.507 0.4631 0.6344

% Change from Baseline Slope 
(n1’) 10% 20% 27%

Slope (n2) - secondary 0.3856 0.3893 0.3882 0.4062

% Change from Baseline Slope 
(n2’) 5% 4% 4%
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is greater than about 2.75) tends to typically be lower, thus exhibiting less pressure sensitivity, but may also be beneficially
reduced by use of the pressure sensitivity modifying glass fibers. In Figure 4, the subsequent slope (n2’) is about 0.4062.
As can be seen in Table 5 and in the respective Figures 4 to 7, as the quantity of pressure sensitivity modifying glass
fibers are added to the gas generant is increased, both the initial and subsequent pressure exponents (n1, n2) decrease,
both at initial burning pressures and at later burning pressures.
[0078] Specifically, in accordance with certain aspects of the present disclosure, the pressure sensitivity modifying
glass fibers stabilize combustion by lessening the pressure exponent at lower pressures by greater than about 5%, for
example by greater than or equal to about 10% by adding 1 wt. % glass fiber to the gas generant composition; greater
than or equal to about 20% by adding 3 wt. % glass fiber to the gas generant composition, and by about 27% by adding
5 wt. % glass fibers to the gas generant compositions.
[0079] While pressure sensitivity, as reflected by the pressure exponent (n) in Equation 1, varies depending on the
gas generant materials employed, a material that generally exhibits pressure sensitivity during combustion has an initial
linear burn rate pressure exponent (n1) of greater than or equal to about 0.5, optionally greater than or equal to about
0.525, optionally greater than or equal to about 0.55, optionally greater than or equal to about 0.575, optionally greater
than or equal to about 0.6, optionally greater than or equal to about 0.625, optionally greater than or equal to about 0.65,
optionally greater than or equal to about 0.675, and in certain aspects, may be greater than or equal to about 0.7.
Furthermore, in accordance with certain aspects of the present teachings, the initial linear burn rate pressure exponent
n1 is reduced to less than or equal to about 0.6, optionally reduced to less than or equal to about 0.575, optionally
reduced to less than or equal to about 0.55, optionally reduced to less than or equal to about 0.525, optionally reduced
to less than or equal to about 0.5, optionally reduced to less than or equal to about 0.475, in certain aspects, may be
reduced to less than or equal to about 0.45, in certain aspects, optionally less than or equal to about 0.425, optionally
less than or equal to about 0.4, and in certain aspects, optionally less than or equal to about 0.3. In certain aspects, the
pressure sensitivity modifying glass fibers increase a burn rate constant (k) to greater than or equal to about 0.005,
optionally to greater than or equal to about 0.006, optionally to greater than or equal to about 0.007, optionally to greater
than or equal to about 0.008, and in certain aspects, to greater than or equal to about 0.009.
[0080] In various aspects, the present disclosure thus provides a gas generant that comprises at least one fuel and
at least one oxidizer, where generant has a burn rate that is susceptible to pressure sensitivity during combustion. The
gas generant further comprises a plurality of pressure sensitivity modifying glass fiber particles comprising silicon dioxide,
aluminosilicates, borosilicates and/or calcium aluminoborosilicate distributed in the fuel mixture. In certain aspects, such
glass fiber particles are present in the gas generant at greater than or equal to about 1% and less than about 10% by weight.
[0081] The plurality of pressure sensitivity modifying glass fibers reduces the pressure sensitivity of the fuel mixture
during combustion, so that the gas generant composition has a linear burn rate pressure exponent of less than or equal
to about 0.6, optionally less than or equal to about optionally reduced to less than or equal to about 0.575, optionally
reduced to less than or equal to about 0.55, optionally reduced to less than or equal to about 0.525, optionally reduced
to less than or equal to about 0.5, optionally reduced to less than or equal to about 0.475, in certain aspects, may be
reduced to less than or equal to about 0.45, in certain aspects, optionally less than or equal to about 0.425, optionally
less than or equal to about 0.4, and in certain aspects, optionally less than or equal to about 0.38. In yet other aspects,
the linear burn rate pressure exponent is reduced in the fuel mixture susceptible to pressure sensitivity during combustion
by at least about 3%, optionally reduced by greater than or equal to about 5%, optionally greater than or equal to about
10%, optionally greater than or equal to about 15%, optionally greater than or equal to about 20% optionally greater
than or equal to about 25%, and in certain aspects, may be reduced by greater than or equal to about 30%.
[0082] In certain aspects, the inclusion of the plurality of pressure sensitivity modifying glass fibers to a gas generant
material reduces the pressure sensitivity of the mixture, as reflected by an increase in the linear burn rate constant (k)
by greater than or equal to about 50%, optionally greater than or equal to about 100%, optionally greater than or equal
to about 150%, optionally greater than or equal to about 200% optionally greater than or equal to about 250%, optionally
greater than or equal to about 300%, optionally greater than or equal to about 350%, and in certain aspects, an increase
of greater than or equal to about 400%.
[0083] The gas generant composition comprises a plurality of pressure sensitivity modifying glass fiber particles having
an average aspect ratio (AR) as described above, ranging from 10:1 to 50:1 and the glass fiber particles may have an
average length of greater than or equal to about 10 mm and less than or equal to about 200 mm. In certain aspects, the
plurality of pressure sensitivity modifying glass fiber particles comprise milled glass fibers, which desirably lessen pressure
sensitivity of various gas generant compositions.
[0084] In yet other aspects, the present teachings provide methods for lessening burn rate pressure sensitivity in a
gas generant. The method comprises introducing a plurality of pressure sensitivity modifying glass fiber particles, for
example, comprising calcium aluminoborosilicate, to a mixture comprising at least one fuel and at least one oxidizer to
form the gas generant. In certain aspects, the mixture has a burn rate that is susceptible to pressure sensitivity during
combustion and after the pressure sensitivity modifying glass fibers are introduced, the gas generant composition has
a linear burn rate pressure exponent of less than or equal to about 0.6.
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[0085] In yet other aspects, the method further comprises spray drying an aqueous mixture comprising at least one
fuel, at least one oxidizer, and a plurality of pressure sensitivity modifying glass fiber particles, as previously described
above, to produce a powder. The powder is then pressed to produce a gas generant grain.
[0086] In certain aspects, another method further comprises spray drying an aqueous mixture comprising at least one
fuel and at least one oxidizer, as described previously above, to produce a spray dried powder. The pressure sensitivity
modifying glass fiber particles are mixed (e.g., dry blended or mixed) with the spray dried powder. The powder and
pressure sensitivity modifying glass fiber particles are then pressed to produce a gas generant grain.
[0087] The examples and other embodiments described above are not intended to be limiting in describing the full
scope of compositions and methods of this technology. Equivalent changes, modifications and variations of specific
embodiments, materials, compositions, and methods may be made within the scope of the present disclosure with
substantially similar results.

Claims

1. A gas generant composition comprising:

a mixture comprising at least one fuel and at least one oxidizer, wherein the mixture has a burn rate that is
susceptible to pressure sensitivity during combustion;
a plurality of pressure sensitivity modifying glass fiber particles comprising at least one compound selected from
the group consisting of silicon dioxide, aluminosilicate, borosilicate, calcium aluminoborosilicate, and combina-
tions thereof, characterized in that the plurality of pressure sensitivity modifying glass fibers reduces said
pressure sensitivity of said mixture during combustion and/or increases combustion stability of said mixture
during combustion,

and in that said plurality of pressure sensitivity modifying glass fiber particles has an average aspect ratio (AR)
ranging from 10:1 to 50:1.

2. The gas generant composition as claimed in claim 1, characterized in that the glass fiber particles are milled glass
fiber particles.

3. The gas generant composition as claimed in claim 1, characterized in that said plurality of pressure sensitivity
modifying glass fiber particles is present at greater than or equal to 1% and less than 10% by weight of the gas
generant composition.

4. The gas generant composition of claim 3, characterized in that said fuel is 40 to 60 weight % of the total gas
generant composition; said at least one oxidizer comprises a primary oxidizer and a secondary oxidizer, wherein
said primary oxidizer is 25 to 60 weight % of the total gas generant composition and said secondary oxidizer is 1 to
20 weight % of the total gas generant composition.

5. The gas generant composition of claim 4, characterized in that it further comprises less than or equal to 5% by
weight of a slag promoting agent in the total gas generant composition and less than or equal to 5% by weight of a
lubricating or press release agent in the total gas generant composition.

6. The gas generant composition of claim 1, characterized in that said oxidizer comprises a primary oxidizer and a
secondary oxidizer, and at least one of the primary and secondary oxidizer comprising a perchlorate-containing
compound.

7. The gas generant composition of claim 6, characterized in that said fuel comprises guanidine nitrate; said primary
oxidizer comprises basic copper nitrate; and said secondary oxidizer is selected from an alkali metal perchlorate or
an ammonium perchlorate.

8. The gas generant composition of claim 1, characterized in that said plurality of pressure sensitivity modifying glass
fiber particles has an average aspect ratio (AR) ranging from 10:1 to 20:1.

9. The gas generant composition of claim 1, characterized in that said plurality of pressure sensitivity modifying glass
fiber particles has an average aspect ratio (AR) ranging from 10:1 to 20:1 and has a length of greater than or equal
to 3 mm.
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10. The gas generant composition of claim 1, characterized in that said plurality of pressure sensitivity modifying glass
fiber particles has a length of greater than or equal to 10 mm and less than or equal to 200 mm.

11. The gas generant composition of claim 1, characterized in that said plurality of pressure sensitivity modifying glass
fiber particles comprise milled glass fibers comprising calcium aluminoborosilicate.

12. A method for lessening burn rate pressure sensitivity in a gas generant, the method comprising:

introducing a plurality of pressure sensitivity modifying glass fiber particles comprising at least one compound
selected from the group consisting of silicon dioxide, aluminosilicate, borosilicate, calcium aluminoborosilicate,
and combinations thereof, to a mixture to form the gas generant, wherein said mixture comprises at least one
fuel and at least one oxidizer and has a burn rate that is susceptible to pressure sensitivity during combustion
so that the presence of the plurality of pressure sensitivity modifying glass fiber particles reduces said pressure
sensitivity and/or enhances combustion stability of said gas generant during combustion,
wherein said plurality of pressure sensitivity modifying glass fiber particles has an average aspect ratio (AR)
ranging from 10:1 to 50:1.

13. The method as claimed in claim 12, characterized in that said method further comprises spray drying an aqueous
mixture comprising said at least one fuel, said at least one oxidizer, and said plurality of pressure sensitivity modifying
glass fiber particles to produce a powder; and pressing the powder to produce a gas generant grain.

14. The method as claimed in claim 12, characterized in that said method further comprises spray drying an aqueous
mixture comprising said at least one fuel and said at least one oxidizer to produce a powder, and said pressure
sensitivity modifying glass fiber particles are mixed with said powder; and pressing the powder and pressure sensitivity
modifying glass fiber particles to produce a gas generant grain.

15. The method as claimed of claim 12, characterized in that said at least one fuel comprises guanidine nitrate; said
at least one oxidizer comprises basic copper nitrate and a perchlorate-containing oxidizer selected from an alkali
metal perchlorate, an ammonium perchlorate, and combinations thereof, and in that said perchlorate oxidizer has
an average particle size of less than or equal to 200 mm.

Patentansprüche

1. Treibstoffzusammensetzung, Folgendes umfassend:

ein Gemisch, das wenigstens einen Kraftstoff und wenigstens ein Oxidationsmittel umfasst,
wobei das Gemisch eine Brenngeschwindigkeit aufweist, die während der Verbrennung anfällig für Druckemp-
findlichkeit ist;
mehrere druckempfindlichkeitsmodifizierende Glasfaserteilchen, die wenigstens eine Verbindung umfassen,
die ausgewählt ist aus der Gruppe bestehend aus Siliciumdioxid, Aluminosilicat, Borosilicat, Calcium-Alumino-
borosilicat und Kombinationen davon, dadurch gekennzeichnet, dass die mehreren druckempfindlichkeits-
modifizierenden Glasfaserteilchen die Druckempfindlichkeit des Gemisches während der Verbrennung verrin-
gern und/oder die Verbrennungsstabilität des Gemisches während der Verbrennung steigern,
und dadurch, dass die mehreren druckempfindlichkeitsmodifizierenden Glasfaserteilchen einen durchschnittli-
chen Formfaktor (aspect ratio - AR) aufweisen, der sich zwischen 10:1 und 50:1 bewegt.

2. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass die Glasfaserteilchen gemahlene
Glasfaserteilchen sind.

3. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass die mehreren druckempfindlich-
keitsmodifizierenden Glasfaserteilchen in wenigstens 1 Gew.-% und weniger als 10 Gew.-% der Treibstoffzusam-
mensetzung vorhanden sind.

4. Treibstoffzusammensetzung nach Anspruch 3, dadurch gekennzeichnet, dass der Kraftstoff 40 bis 60 Gew.-%
der gesamten Treibstoffzusammensetzung ausmacht; wobei das wenigstens eine Oxidationsmittel ein primäres
Oxidationsmittel und ein sekundäres Oxidationsmittel umfasst, wobei das primäre Oxidationsmittel 25 bis 60 Gew.-
% der gesamten Treibstoffzusammensetzung ausmacht und das sekundäre Oxidationsmittel 1 bis 20 Gew.-% der
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gesamten Treibstoffzusammensetzung ausmacht.

5. Treibstoffzusammensetzung nach Anspruch 4, dadurch gekennzeichnet, dass sie ferner höchstens 5 Gew.-%
eines Schlackenpromotors in der gesamten Treibstoffzusammensetzung und höchstens 5 Gew.-% eines Schmier-
oder Drucktrennmittels in der gesamten Treibstoffzusammensetzung umfasst.

6. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass das Oxidationsmittel ein primäres
Oxidationsmittel und ein sekundäres Oxidationsmittel umfasst, und wobei das primäre und/oder das sekundäre
Oxidationsmittel eine perchlorathaltige Verbindung umfasst.

7. Treibstoffzusammensetzung nach Anspruch 6, dadurch gekennzeichnet, dass der Kraftstoff Guanidinnitrat um-
fasst; das erste Oxidationsmittel basisches Kupfernitrat enthält; und das zweite Oxidationsmittel aus einem Alkali-
metallperchlorat oder einem Ammoniumperchlorat ausgewählt ist.

8. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass die mehreren druckempfindlich-
keitsmodifizierenden Glasfaserteilchen einen durchschnittlichen Formfaktor (AR) aufweisen, der sich zwischen 10:1
und 20:1 bewegt.

9. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass die mehreren druckempfindlich-
keitsmodifizierenden Glasfaserteilchen einen durchschnittlichen Formfaktor (AR) aufweisen, der sich zwischen 10:1
und 20:1 bewegt, und eine Länge von wenigstens 3 mm aufweisen.

10. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass die mehreren druckempfindlich-
keitsmodifizierenden Glasfaserteilchen eine Länge von wenigstens 10 mm und höchstens 200 mm aufweisen.

11. Treibstoffzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dass die mehreren druckempfindlich-
keitsmodifizierenden Glasfaserteilchen gemahlene Glasfasern umfassen, die Calcium-Aluminoborosilicat umfas-
sen.

12. Verfahren zum Vermindern der Brenngeschwindigkeitsdruckempfindlichkeit in einem Treibstoff, wobei das Verfahren
Folgendes umfasst:

Zuführen mehrerer druckempfindlichkeitsmodifizierender Glasfaserteilchen, die wenigstens eine Verbindung
umfassen, die ausgewählt ist aus der Gruppe bestehend aus Siliciumdioxid, Aluminosilicat, Borosilicat, Calcium-
Aluminoborosilicat und Kombinationen davon zu einem Gemisch, um den Treibstoff auszubilden, wobei das
Gemisch wenigstens einen Kraftstoff und wenigstens ein Oxidationsmittel umfasst und eine Brenngeschwin-
digkeit aufweist, die während der Verbrennung anfällig für Druckempfindlichkeit ist, sodass das Vorhandensein
der mehreren druckempfindlichkeitsmodifizierenden Glasfaserteilchen die Druckempfindlichkeit des Gemisches
während der Verbrennung verringert und/oder die Verbrennungsstabilität des Gemisches während der Ver-
brennung steigert,
wobei die mehreren druckempfindlichkeitsmodifizierenden Glasfaserteilchen einen durchschnittlichen Form-
faktor (AR) aufweisen, der sich zwischen 10:1 und 50:1 bewegt.

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass das Verfahren ferner ein Sprühtrocknen eines wäss-
rigen Gemisches, das den wenigstens einen Kraftstoff, das wenigstens eine Oxidationsmittel und die mehreren
druckempfindlichkeitsmodifizierenden Glasfaserteilchen umfasst, um ein Pulver herzustellen; und ein Pressen des
Pulvers, um ein Treibstoffkorn herzustellen, umfasst.

14. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass das Verfahren ferner ein Sprühtrocknen eines wäss-
rigen Gemisches, das den wenigstens einen Kraftstoff und das wenigstens eine Oxidationsmittel umfasst, um ein
Pulver herzustellen, und wobei die druckempfindlichkeitsmodifizierenden Glasfaserteilchen mit dem Pulver gemischt
werden; und ein Pressen des Pulvers und der druckempfindlichkeitsmodifizierenden Glasfaserteilchen, um ein
Treibstoffkorn herzustellen, umfasst.

15. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass der wenigstens eine Kraftstoff Guanidinnitrat um-
fasst; wobei das wenigstens eine Oxidationsmittel basisches Kupfernitrat und ein perchlorathaltiges Oxidationsmittel
umfasst, das aus einem Alkalimetallperchlorat, einem Ammoniumperchlorat und Kombinationen davon ausgewählt
ist, und dadurch, dass das Pechloratoxidationsmittel eine durchschnittliche Teilchengröße von höchstens 200 mm
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aufweist.

Revendications

1. Une composition génératrice de gaz comprenant :

un mélange comprenant au moins un combustible et au moins un comburant, dans lequel le mélange a une
vitesse de combustion présentant un risque de sensibilité à la pression pendant la combustion ;
une pluralité de particules de fibres de verre modificatrices de sensibilité à la pression comprenant au moins
un composé choisi parmi le groupe constitué par le dioxyde de silicium, l’aluminosilicate, le borosilicate, l’alu-
minoborosilicate de calcium et leurs combinaisons,
caractérisée en ce que la pluralité de fibres de verre modificatrices de sensibilité à la pression réduit ladite
sensibilité à la pression dudit mélange pendant la combustion et/ou augmente la stabilité de combustion dudit
mélange pendant la combustion,
et en ce que ladite pluralité de particules de fibres de verre modificatrices de sensibilité à la pression a un
rapport de forme moyen (RF) allant de 10:1 à 50:1.

2. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que les particules de fibre de verre
sont des particules de fibre de verre broyées.

3. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que ladite pluralité de particules de
fibres de verre modificatrices de sensibilité à la pression est présente à un taux supérieur ou égal à 1 % et inférieur
à 10 % en poids de la composition génératrice de gaz.

4. Composition génératrice de gaz selon la revendication 3, caractérisée en ce que ledit combustible représente 40
à 60 % en poids de la composition génératrice de gaz totale ; ledit comburant comprend un comburant primaire et
un comburant secondaire, dans lequel ledit comburant primaire représente 25 à 60 % en poids de la composition
génératrice de gaz totale et ledit comburant secondaire représente 1 à 20 % en poids de la composition génératrice
de gaz totale.

5. Composition génératrice de gaz selon la revendication 4, caractérisée en ce qu’elle comprend en outre un agent
promoteur de scories inférieur ou égal à 5 % en poids dans la composition génératrice de gaz totale et un agent
lubrifiant ou de démoulage par pression inférieur ou égal à 5 % en poids dans la composition génératrice de gaz totale.

6. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que ledit comburant comprend un
comburant primaire et un comburant secondaire, et au moins l’un des comburants primaire et secondaire comprend
un composé contenant du perchlorate.

7. Composition génératrice de gaz selon la revendication 6, caractérisée en ce que ledit combustible comprend du
nitrate de guanidine ; ledit comburant primaire comprend du nitrate de cuivre basique ; et ledit comburant secondaire
est choisi parmi un perchlorate de métal alcalin ou un perchlorate d’ammonium.

8. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que ladite pluralité de particules de
fibres de verre modificatrices de sensibilité à la pression a un rapport de forme moyen (RF) compris entre 10:1 et 20:1.

9. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que ladite pluralité de particules de
fibres de verre modificatrices de sensibilité à la pression a un rapport de forme moyen (RF) compris entre 10:1 et
20:1 et a une longueur supérieure ou égale à 3 mm.

10. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que ladite pluralité de particules de
fibres de verre modificatrices de sensibilité à la pression a une longueur supérieure ou égale à 10 mm et inférieure
ou égale à 200 mm.

11. Composition génératrice de gaz selon la revendication 1, caractérisée en ce que ladite pluralité de particules de
fibres de verre modificatrices de sensibilité à la pression comprend des fibres de verre broyées comprenant de
l’aluminoborosilicate de calcium.



EP 2 346 797 B1

20

5

10

15

20

25

30

35

40

45

50

55

12. Procédé pour réduire la sensibilité à la pression du taux de combustion dans un générateur de gaz, le procédé
comprenant :

l’introduction d’une pluralité de particules de fibres de verre modificatrices de sensibilité à la pression comprenant
au moins un composé choisi parmi le groupe constitué par le dioxyde de silicium, l’aluminosilicate, le borosilicate,
l’aluminoborosilicate de calcium et leurs combinaisons, dans un mélange pour former le générateur de gaz,
dans lequel ledit mélange comprend au moins un combustible et au moins un comburant et a un taux de
combustion présentant un risque de sensibilité à la pression pendant la combustion afin que la présence de la
pluralité des particules de fibre de verre modificatrices de sensibilité à la pression diminue ladite sensibilité à
la pression et/ou améliore la stabilité de combustion dudit générateur de gaz lors de la combustion,
dans lequel ladite pluralité de particules de fibres de verre modificatrices de sensibilité à la pression a un rapport
de forme moyen (RF) compris entre 10:1 et 50:1.

13. Procédé selon la revendication 12, caractérisé en ce que ledit procédé comprend en outre le séchage par pulvé-
risation d’un mélange aqueux comprenant ledit combustible, ledit comburant et ladite pluralité de particules de fibres
de verre modificatrices de sensibilité à la pression pour produire une poudre ; et la compression de la poudre pour
produire un grain générateur de gaz.

14. Procédé selon la revendication 12, caractérisé en ce que ledit procédé comprend en outre le séchage par pulvé-
risation d’un mélange aqueux comprenant ledit combustible et ledit comburant pour produire une poudre, et lesdites
particules de fibres de verre modificatrices de sensibilité à la pression sont mélangées avec ladite poudre ; et la
compression de la poudre et des particules de fibres de verre modificatrices de sensibilité à la pression pour produire
un grain générateur de gaz.

15. Procédé selon la revendication 12, caractérisé en ce que ledit combustible comprend du nitrate de guanidine ;
ledit comburant comprend du nitrate de cuivre basique et un comburant contenant un perchlorate choisi parmi un
perchlorate de métal alcalin, un perchlorate d’ammonium et leurs combinaisons, et en ce que ledit comburant
perchlorate a une taille moyenne de particules inférieure ou égale à 200 mm.
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