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GAS GENERANT COMPOSITIONS
CONTAINING A SILICONE COATING

CROSS-REFERENCE T RELATED
AFFLICATIONS

This applicstion claims the benefit of U8, Provisional
Application Ser, No. 60r142,226 filed Jul. 2, 1999

BACKGROUND OF THE INVENTION

Field of the Invention

The present invenlion relales o an improvement in the
performance of a gas generator comtaining a pyrotechnic
mixture in the form of graonles or fablets, wherein the
pyrolechnic mixiure contsing a nitrogen-containing fuel and
an wganic cxidizes.

Ome dizadvantage of pyrotechnic mixivres within airbags
inflators or seathell pretensioness, for example, includes
poor moisiire mbshitiom and therefore meonsistent perfor-
mance. Relatively poor ignitability, poor susteined
combustion, and kew born sates pofentislly cause poor
inflator andjor prefensioner performance.

Conventional gas peneranl compositions such as those
deseribed in ULS, Pat. Nos. 5035757 and 5,139,588 are
waeful in wehicle ocoupant prolection systems as applicd
wilhin sirbag inflator gas generators and in seatbelt preten-
smners,. However, nonazide gas penerant compositions as
excmplified therein may absorh modsture over time ibereby
inkibiting combustion performance, Forthermaore, thess
compositions contain metal-containing oadizers and thus
prodiece relatively less gas and more solids when compared
o wither state of the arl “smoksless™ gas geoeaants,

“Semoleless” s peneeant compositions, such as those
descrbed in U.S. Pal. Nos. 5, 8723293 501,823, 5,783,773,
and 5545272 (herein incorporated by reference) may be
generally defined as producing at least $0% by weightof gas
and not more than 109 by weight of solids upon combustion
of the gas penerant composition. These composilions bave
littke, if any, metal-conlaining gas generant constitvents and
are also usefiol o wehicle occupant peotection systeans.
However, nonazide composibons as excmplifisd thersin
may absorh moisme over time thereby inhibiting combus-
tion performance,

Furthermore, to be useful in acmating vehicle oocupant
restrainl systems, the formulations must igeie readily.
“Srokeless” gas penerants are ofien difficuli o ignite and
this sometimes results in inconsistent pedormance of an
airbag inflator, for example, Finally, certain “smokeless” gas
generants (ie. reduced solid combustion prodocts) exhibil
reduced combustion sustenance; it is believed that reducing
fhe metal containing compounds (2o thereby reducing tha
combustion solids) alss nhivies the burn charscieristics of
The composition. As o resull, the compesition may not fully
burn and therefore may ool provide the required perfor-

mance.

SUMMARY OF THE INVENTION

The shove-referenced probhlems are solved by coating any
given gas generant composition with silicone thereby resuli-
ing in a mroisture barmicr, mproved burn characicristics,
ancdfor relafively more gas upon combusiion.

The gas generanl compositions confain ooe or more fuels,
a1 least ome oxidizer, apd if desired, other additives well
kocrern in the ad. lo geoeral, compounds that function

primarily a= binders are pol required or nsed in the gas
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generanl compositions deseribed herein. Therefore,
elastomeric, robber, o silicone binders are not combined or
mixed imfo the gas generant composition. One of ordinary
akill will appreciste, howewer, thal the silicope cosfing
functions mot a8 4 binder but a8 a mosiure inhibitor, a5 an
auxiliary fuel, and as an ignition and/er combustion aid.

Stated amother way, the nse of a silicone costing, paly-
dimvethylsiloxane (POMS) for example, resulis in reduced
moisiure retention, a greater percentage of pas combestion
products per gram of a given coated gas generant
composition, and an improved sustained combustion as
compared o exemplary encosted “smoksless™ gas generant
COMPOSILINNS.

BRIEF DESCRIPFTION OF THE DEAWING

The FIGURE praphically illustrotes the preferred ballistic
performance of silicon-coated ges generant compositions a5
compared 1o the same onoozed compositions containing
silicone a5 a binder.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENT(S)

I accordance with the present invention, the combustion
and ballisiic pmperties of 3 given nonszide gas generant
composition, particularly within a gas generator of an airbag
inflafor or within a seathelt pretersioner, may be mproved
by coating the pas generant composition with silicope. By
coating the ouiside of the penerant pellets or granules with
# curzhle silicone or silicone pumstock, an easily ignitahle
formoulation thai susizins combusiion is obigined. Exemmplary
inflators/gas penerators inchude those described in co-owned
U.S. Pai. Nos. 5,628,528, 5,622,380, 5,727,513, and 5,806,
HEE herein incorporated by meference. Exemplany preten-
sioners include tose described (o U5, Pai. Mos. 5,397,075
and 5899399, herein incorporated by refercoce.

The nonazide gas penerant compositions contain one ar
more fuels, a least ope oxidizer, and if desired, ather
additives well known in the art. In generl, compounds that
function primarily as binders are pof reguired given that the
granules, pellets or lablets are pressure fomoed. Thercfore,
elastemenc binders (1.e. rubber or silicone, and the like) are
not combined or mized oo the gas genemnl composition,
particularly in view of the ballistic performance of gas
generant compositions containing such binders. See
Example 1 and the FIGURE, Other binders nol baving an
elastomernic pature may be nsed if desired, however.

Stated ancther way, the gas geperant composilions do pol
include azides as fuels, nor do they contem any a@de or
azide groups within any constiwent combined therein. The
ges generant composions contemplated berein contuin a
nitrogen-containing fesl selected from the group including
tetrazoles, bitetrazoles, triazoles, triazines, puanidines,
nitrognanidices, metal and nonmetal salis and derivatives of
the foregoing fuels, and mixiures thereok; and, an oxidizer
gelected from the group inchiding nonmetal or metal (alkali,
alkaline zarth, and transificnal meials) ndfrates, ootrtes,
chlvraies, chilvriles, perchlorakes, osides, aod mixiomes
therzof, Exemplary fusls include nitroguamdine, guanidine
nitrate, aminognanidine nitrate, I1H-tetrazole,
S-aminoterrazole, S-nitrotetrazole, 5 5'-hiteirazole,
diguanidininm-55"-arotctrazclalc, nitroaminotriarcls, amd
melamine nirate; and metal and nonmetal szalis of the
foregning. fuels,

LLE, Pat. Nos. 3,035,757, 5,139,588, 5,531,941, 5,756,
929, 5 872,320, 6077371, and 6,074,502, herein imeorpo-
raled by refersnce, exemplify, et do nof lmit, switable gas
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genemnt compositions. In genersl, any gss gencmnt com-
position (wilhin any gas generator or any prelensioner, for
exnmple]) may be coated with silicone, therely resnlting in
improved ipaitability and improved combustion and ballistic
propertics. As showa o Examples 49, the bum rate is
vigoroushy sustained throughout combustion of & gas gen-
erant composition coated with silicone.

Exemplary mitrated fuels employed in “smoleless™ gas
generant compositions include nitroures, S-aminotetrazole
mitrate (SAITN), dinitrochiaminsriazole, nrea nifrste, azodi-
carbonamide mitrate, hydeazodicarbonamide nitrate, semi-
carbazide nirate, and carbobydragide oitrate, biuret nitraie,
3 5diamino-1,2 A-drizzole witrste, dicyandiamides nitrsie,
and Famino-1.24-triazole mitrate. Cerfain fucls may be
genercally described as confaining & nitrated base fuel such
that the end enmpound will be the base fuel plus HNI,. For
example, urea nitrate is H.NCOMNH. HNO,. It is conceiv-
able that some of the fels may be dinitrates zlthough mest
will be mooooiiraics.

Oe or mere “smokeless” fuels may aleo be selected from
the group incleding amine salts of tefrazole snd frazole
inchuding monoguanidinimm sall of 55-Bis-1H-ctrazale
(BHT.1 GAD), his-(1(2)H-tetrazole-3-yl)-amine

BIAINH,), dipuanidinium salt of 5.5-Bis-1H-tetrazale
%BHI‘ZGAD}. menoimmnoguanidiniem salt of 5,5'-Bis-1H-
torarnle (MITT. LAGADY), ismincguanidinium salt of 5,5
Bis-1 H-tetragole (BHT.2ZAGAD), mosolydrasmium sall of
5,5"-Bis-1H-tetrazale. (BHT.1HH), dibydraginium sall of
5,5 Tis-1H-tetrazale (BHL2HH), monoammoninm salt of
&80 hin-TH-etraenle (RET. TMIHL), dismmomim aalt of
5.5%bis-1H-tetraznle (BHTIMH,), mono-3-smino-1,24-
triazolivm sall of 5,5"bis-1H-tetrazole (BHT. 1ATAZ), di-3-
amino-1,2 4-triazolium sall of 55'-bis-1H-leirazales
{BHT.2ATAZ), 5.5-Azobis-1 H-tetrazole (ABHT.2GAD),
and monocammonium sall of 5-Noraminoe-1H-eirazols
(NAT.INH,). Co-owned 1S, Pat, Nos. 5,872,329, 5,501,
823, 5,783,773, and 5.545.272, each meorporated by refer-
ence hercin, further elabomte on other “smokeless” gas
geoerunts and the manifsctire thereof. Ciber “smnkeless™
gas generant compositions known in the ar and &5 defined
berein are 2lso confemplaied,

The gas generant compositions of the present invention
further counlzin one or mose morganic oxidizers selected
from the group of noametal, alkali metsl, and alkaling earth
metal nikraes and nitrites for example, Otber oxidizers well
knewrn in the art may also be used. These inclode oxides or
coordination complexes, for example. Prefemed oxadizers
inchude phase sfabilized smmeoniim nileale, anoosiim
mitrele, potnssium nitrate, and stroptiom nitrate.

The gas generani composilion, absent the silicons costing,
contains 15-95% by weight of fuel and 5-85% by weight of
oxidizer. The gas peoera composilion meore preferably
contains 20-85% by weight of fuel, snd 15-804 by weizht
of oxidizer (oot incheding the silicone coating). The gas
generan constitents are himogeneously dry or wit blended
and then formed into granules (800 gan to 12 mm, and more
preferably 0.1 mm to 3 mm, in rongh dinmeter), pellets,
tablets, or other desired shapes by well known methods such
as exirusion of pressure forming methods. The gas generant
composition is then physically coated with 1-50%, and
mare preferable 323066, by weight (gas gencrant and the
silioone) of & silicone gumstock or curable silicone pelymer.
Cias grouciaul graoules, lableis, peliets, oo oilen desioed
shapes are formed and then added with an effective amonnt
of silicone to o imble blender and blended, preferably fore
a1 leas! two hours.

The term “silicone™ as used herein will be understoond in
its generic sense, Hawley describes silicone
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e} a& any of a large group of siloxane poly-
mers based on o strociure consisting of allernate silicon and
axygen aloms with various orgenic radicals attached to the
silicon:

Parmidy 1: Silicone Exagole

CHy CHy CHy
— e e = = e —
CHy A'H:

O, silicone can be more generically represented as shown o
Formula 2 (but not ikereby Limited):

Farmuls 2: Silicune Bxagole

f:-'lﬁ-u Eu'i"hi-: ﬂll'th-

== == = s 2z g =

S P RS

Note, "a" m the Fornmlas imdicates a multiple of the
polymeric gronp or porion of the molecule given within the
breckets, o mclude the orgaoic groups attached o the
silicon.

Exemplary silicones include those disciosed in LS. Pat.
Mos, 5,589,662, 5,610,444, and 5,700,532, and, in Technol-
agy af Polymier ndy and Enerpetic Marerials,
Fraunhofer-Instit fur Chemische Technologie (TCT), 19490,
each reference and document berein incorporated by pelor-
Ehce.

Standard slap formers snd eoolants may aloo be ineorpo-
rated if desired. Binders are net generally utilieed because
the gas generant constitecnis described herein are homoge-
neously blended and then preferably compacted or formed
inta grammles or cther shepes throvgh pressure or other
Imown physical methods, IE binders are uwsed, bowever,
elastomene, rubber, or silicons binders 2re not combined m
the present compositions given the poos ballistic perfor-
manee shown in the Figure.

Other “smokeless™ gas generant composilions containing
5-ATH, or any other mirated base fuel, are alio contem-
plated. The base fucls include, but are pot limited o,
nitroures, S-amincieirazole, diaminolriazole, urea,
aendicarbonamide, hydraeodicarbonamide, semicarbazde,
carhohydrazide, biwret, 3,5-diamino-1,2,4-triazole,
dievandinmide, and 3-amino-1,2 4-inaz0le. Ench of these
base fuels may be mirated aod combimed with oos or more
oxidizers. Thus, methods of forming gas generant compo-
sitions containing SATM and one or more oxidizers, as
described below bul not therchy limited, exemplify the
mamufacinre of gas generanl composilions containing any
mitrated base fuel and ooe or move oxidizers.

The constiments of (he nitrated gas gensrant coDpositions
may all be obiained from supplives well known in the art, In
general, the base fuel (in this case SAT) and any oxidizors
are added o excess concsnitaled minge acwl and stered whl
4 demp paste forms. This pastc is then formed into granules
Iy either extresion or forcing the material (hrough & sereen,
The wet granules are then doed.

The nirrie acid can be the standard resgent grade (15.9M,
=70 wi. %HNG,) or can be less concentrated as long as
enough nitric ackd 15 present to form the mononitrate sali of
SAT. The nifric acid should be chilled 1o 0=20" C. before
xl.lu.lma u.lc-:l‘ﬂ I.I.IJ u.:.i.ll.imu. .I‘Gllhllll:rﬂll| Mﬁﬂ:‘.‘d.l.m (18]
decompose in the concentrated slurry, When mixing the SAT
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and oxidizers i the niire ack] medinm, the precise mixing
equipment used is not imporiant=—il & simply necessary o
thoroughly mix all the components and evaporaie the excess
mitrie #cud, As with 3oy process using acids, the materiak of
construction must be properdy selected o prevent corrosion.
I addition, sufficient ventilation and treatment af the acid
vapar & required for added safety,

After forming & wet paste a5 described ahove, several
mthods can be used to form graoules. The pasle can be
placed in 8 serew-feed extrider with boles of desired diam-
eler and then chopped oo desired lengths, An oscillating
granulator may akso be wsed bo form gramules of desired sis.
The muterial shoukd be kept wet throagh all the processing
steps lo minimire safcty problems. The final granules can be
dricd in ambicnt pressure or under vacunm, Tl is most
preferred 1o dry the materinl at abeut 30° C. under a-12 psig
¥RCUU.

The present invention is further [llusirated by ihe follow-
inp representalive examplis,

EXAMPLE 1

a) Preparation of Silicope -coated Granules The following
mixtere was ground aml bomogereonsly mixed in a Sween
vibroenergy mill:

57.05% sipontinm nitcate (SN}

28.95% S-amino-1H-tetrazole (3AT)

6.00% potassium sali of SAT (K5AT)

B00% bentonie clay (=3 a coulanl)

The resulting powder was pressed info langes * “on a
rotary press. The “slogs™ were ihen passed through a Cao-Mil
granulator and the granubes. that passed throagh a Mo, 10
mesh screen and were relaimed ana Moo 16 mesh screen wore
kept. The resnliant prodoct was a hard gramole of consistent
particle size. These granules were then split into two groups
and costed with
ZE RTVEISF, & two-compenent alboone. RTVGESA (i somponent] ol
RTVe15E faecond componint) wer firat combined aod thea sdded to the
gmoules. Gieap 1 consisted of 7% gmnoles and 3% RIVA1S, Geoop 2
enraisted of 5% pumh: and 155 KTVEI5. Ench combsnntion wes missd
g0 {hat the pramles wee thorughly coted with the RTVO1% silicane. The
RTW515 was then sllowed tn cose The lnmd product ined af
free-flowing graccies costed with illicone.

GE RTWV615 identifizs the proprictary name of a silicons
manufactured by Ceneral Electnic. The main constitu-
enis mn the mwo-part silicone include vinylpolydimeth-
yls-a.lﬂ-zarna at about 60-80 wi. % and vinyl-containing
resin af showt 1030 wi. . RTV615 will core coms-
pletely a1 ambient femperamre in about 6-7 days (bt
sufficiently in 24 hours). The application of heat sub-
stantizlly quickens the cure rate so that 5t 65 C the cure
rate is aboul 4 hours and at 150 C the cure rate is about
13 minmtes, The viscosity of uncured RTVG1S approxi-
males A000-TO0 cenlipoise,

b) Proparation of Siliconc-coated Powder
8N, SAT, K5AT, and clay wore all gronnd separately and
Then mmbmed wﬂh ETVel5 siicone m the following

proportions:
Group 3

55349 stoontivm nitrete (SN
28.08% S-amino-1H-tetrazole (SAT)
5.82% potassinm sali of SAT (KSAT)
7.76% bentonite cley (&= a coolant)
3.00% BTV615 silicone

Growp 4

A8.400% sirontiem odlcele (SN

24.61 % F-amino-1H-letrazole (3AT)
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5.10% potassmm sall of SAT (K5AT)

f.80% bentonite clay (as & coolant)

L5.00% RTVELS silicone

For Groups 3 and 4, the goal wos o form o bomogeneous
mixture of the fve comstiuents that was eohesive and could
Ire formed into gramules. For Group 3, thers was pot cnough
silicone to form a cobesive mixiure and prapeles conld mol
be formed. For Group 4, snough silicons was present to form
eood pranules. After cusing, the Group 4 granules wers
much softer than the granules from Groups 1 and 2.

Hygroscopicity Testing
For Groups 1 and 3, a 5 g sample was placed in an open
dish and placed 1 im epvironmental chamber at 22 C amd
50% relative hummdity. The following modsfore gains

(et by weighly were vbserved as a Tupclion vl exposuane
fime,

Mogire Gain - Muodlore Gain

Grap  Deseripilon of Graanles  Afler One Day  Aftee Five Duve
1 Comed with 34 Si 1.66% 435%
3 Intimate wiivhee: 35 Si EDe% 7.34

As shown above, cooting (he mixure s opposed lo
mixing it within the granules reduces the moisture retained
over time.

Ballistic Testing

Micro-gas gencrators (MGGs) were built as described
helow to determine the hallistic performance differences
betwesn the Groups 14 In each case, 1.0 ¢ of the granules
were |paded imto @ small aluminum cop that was then
wrimped 0 a stamsdard initiater comainiog 110 mg of Ziree-
niurm potassivm perchiorate, The MGGs were then Inaded in
a sealed bomb of volume 10 cubic centimeters and fred. The
pressure inside the bomb was measared a5 a function of
nime, The data are presented i the Fignre, As shown in the
curves tor Groups 1 and 2, regardiess of the amount of
sificone coating, the performance of the coated granules is
very similar. However, as shown in the corves for Groups 3
and 4, the performance of the intimate mixtures containing
different pereeat weights of silicone varies significanily.

It can therefore be concluded that in contradistinction to
the use of silicone as a binder, when silicone is osed = a
eoating the ballistie tmlormbility s nof sobsfanhially affected
by tailoring the percent weight of silicoe. It should Mrther
be moted that silicone when used 1s a binder in relatively
greater amounts (Group 4) approximates a more Hnear cumve
in the ballistic profile and thercfore apparenily does oot
provide (he eprimum pressune over lime a5 generally defined
by the Group 1 and 2 curves.

The cifects of the changs in pressure ower time with
regard to the intimate mixtures of Groups 3 and 4 can bo
lluatrared through the operaton of Keown ssalbell proten-
siopers, When a composition of Group 4 is used, the
pretensioner simply does not operate expediently enough to
provide adequate pretensioning of the seatbell. On the ather
hznd, when 3 composition of Group 3 s wsed, the preen-
sipner 15 rendered inoperable (based on cheich Ea.l.l‘ure-. for
example) due o the extreme over the a ake
periad of time showo on the graph as (L001 1o 0.0 seconds,
Examples 2 and 3 llustraie the pifraiin process andion
forming gas genperanl compositions containing nitrated fuels.
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EXAMPLE 2
100 ml of concentrated nitric acid (15.9M, Beagent Grade
from Aldrich) was added to a glass-lined, stirred, and
jacketed vessel and cooled to U L. 100 g of dry SAL {Nippon
Carbiide), 38 g of dry AN (Aklnch ACS Ghrade), and 6.5 g of
dry KN (Aldrich ACS Grade) were then added 10 form a
slurey (o nitrc acid. As the mixiore was stireed, the exeess
mitne acid evaporated, leaving a doughy paste consisting of

a bemogencous mixture of 174 g SAT nitrate, 645 g 10

PEAN1D, and a small amount of minc acid. This materal
wis then passed through a low-pressace extruder to farm
long “noodles” thar were consequently chopped to from

5

cylindricel pranules. These granules were then placed in a |,

vacunm owven al 3% C and =12 peie vacm overnight.
Alber drying, e grmoeles were soreeoed aod il al
passed Through o No_ 2 mesh sereen and wers then relaned
on 2 Mo, 20 mesh screco were kept.

EXAMPLE 3

100 ml of 70 w1, % HNO, soluticn equaks 9.4 ¢ (158
maly HNO, ples 426 g (236 mol) HyO. The solufion is
muxed by stiming in 100 g dry S.aminotetrozels (5-AT)
which eouals 1,18 mol 5-AT, 58 g dry ammoninm mitrate
(AN), and 6.5 g potassium nitrate (KN) (10F% of todal
AN+EN). The sequence of addition is not critical. As mixing
e, 3-AT s comverled mle o il aced sall; 5-A101.18

mole100 gl+HNQ, (118 mole744 g)=5-ATHNO,. The 3

AM and KN dzmsolve in the water present. Excess HNO,
(994 g—74.4 g=25 g) md H.O (42.6 g) evaporate a8 the
mixture is siimed. As this oocurs, AN (38 g) 3 Intimaie
misiure: 3% Si 5.08% 7.34 and KN(6.5 g) coprecipitaie 1o
form PSANTO{A4.5 g). Meanwhile, the 5-AT. HNO, formed
while mixing is intimately mixed with the PRANLD. Afier
mixing is complete, the end resull is an intimate mixture of
174 g of 5-ATHNO+64.5 ¢ PSAN10 with a small amount

of HNO, and HaO to keep the mixture in 2 doughy ar pasty 43

Torm.

CGranules or pellels are then formed from the pasie by
methods well koown o the art, The gramules or pellets are
then dried o remove any residual NG, and HoOn, The end
produect consists of dry granules or pellats of a composilion
containing about 73 wi. % 5-ATHNO+27 wi. % FEANID.

EXAMPLES 4-9

Silicone Coating of Formulations Containing 5-
ATHNO,
The following mixtores were preparsd as described in

Exarnple 3.

Esample % JATH A PEANID
4 i1z 2586
4 00 A4
] M L4

The granubes produced above were coated with RTV615
silicons by adding the silicone to the gramiles and geotly
blending the mixture in a Ress double-planctary mixce The
resultant formuolations are given below 5 Examples 7-59,

z3

8

Example 7: 90 parts Fxample 4 graonles and 10 pars
RTV&15 silicone costing. Exzmple 8: 85 parts Example 5
granules and 15 parts RTVE1S silicone coating. Example 9:
G5 parts Example & granules and 5 paris RTVA1S silicone
coating. The ignition and propagation properties of
Examples 40 were tested qualitatively by igoiting a small
sample of each example, The following observations ire
aested:

Ease af Ignibon Speed of Propagation
Exumple wilk Frupane Tarch Cince Igniled
1 Giogrd [gniticn Feat
) Muocemniz Tgnitinn Mrudemi=
t Poar Ignitice Slow
T Excellent [‘!ﬂ.l‘n Fas
B Eznellenl Igoition Fast
W Good (gition Slew

The torch test indicawes thai the addition of a silicone
coating 10 various SATH/PSANLD (S-aminoterazole nilrate/
ammaonium nitrate stebilized with 10% polassium nitrte)
“smokeless” formulations improved the ignitability, com-
bustion sustenance, and speed of combuston propagation.
Based on Example 1, 11 is believid that an additional benefit
s moisture profection.

While the foregoing examples illusirate and describe the
use of the preseol invention, they sre not intended to limit
the invention as disclosed in cerlain preferred embodiments
herein. Therefore, variations and modifications eommensu-
rate with the ke tenchings and the skill and/or bnoaledpe
of the relevant arl, are withio the scope of the present

3 Iovention.

45
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We claim:

1. In a wehicle ocowpant profoction sysiom coofaining a
hinderless gas generant composition formed into a desired
shape, (he improvemen] comprising:

a silicome coating applicd about the gas genoram
compositeon, sakl coating provided at 1-50% by waight
relative 1o be combined weight of the gos generunt
composition and silicone,

2 A produst formed from the method comprising the steps

of:

providing powdered gas generant constitncnts including a
fuel and an inorganic oxidizer, et not an elastomeric
hinder;

homopenecuely wel ar dry blending the gas penernni
constiucnts;

forming the gas generant blend inin desired shapes;

coating (he gas peperanl shapes wilth uncured silicone;
amd

curing the silicome covered shapes.

3 A nonagide gas generant composition comprsing a
mibropen-cootaimng fuel and an inorganie oxidizer, sawmd
composion formed i o desired shape, wherein the com-

@ position furthsr comprises;

55

a silicone coating about the desired shape, sqid silicone
provided a1 1-50% by weight relative o the combincd
welght of the gas genernl composition and the sili-
e,

4. The gas generant composition of claim 3 wherein:

sakl piteogen-coniaining focl s seleciesd from the group
consisting of tetrazoles, biletrazoles, [riazoles,
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triazines, puanidines, and metsl and noomets] s2lis and
derivatives of the Foregoing fuels, and mixiures thereof;
and

ﬁ.ﬂl‘l‘l innrg:mh ﬂl'il‘lll?l"_"l' IIE !.l"hf"ﬂ! EITIITI l‘I'Il.'. EI'I'IIIII l'lF
nonmetal or metal nitrates, nitrites, chiorstes, chiories,
perchlorates, onides, and mixtures thereof.

& The gas generani composition of claim 4 wherein:

said nitrepen-containing fuel is sclecicd from the group
consisimy of aropuanidine, guanidine niirsle, ami-
popuanidine nitrate, TH-iclmzole, S-aminmictrazole,
S-aminolelrazele niirate, S-nitrotetrazole, 5.5'-
bitetrgzole, digesnidiniem-5,5"-3zoteirazolate,

¥

10
nifrpaminoirizzole, melamine nitrate, and meial and
nonmetal salis of the foregning fucks.
6. The gas penerant compesition of claim 4 wherein:
said inorganic oxidizer is sclected from the group con-
sigting of phase stabnlized armoonnim aitiate amd stion-
frim mifrate.
7. The gas penerant composition of claim 4 wherein:
said inorganic oxidizer is selected from the group con-
sistinge ul alkuli, ulkalives earth, amd (ramsitional meds]
nitrates, nitrles, chlorates, chiorites, perchlorates,
onides, and mixiures thereal.
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