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STI ON GAS. GENERATI NG COVPOSI TI ON FOR USE | N A PRETENSI ONER

T CAL FI ELD WHERE THE | NVENTI ON BELONGS The present invention
rellat’es to a gas generating agent for generating an operation gas in

pr et ensi oner systens that are nounted on, for exanple, autonobiles and
aircrafts in order to protect human bodi es. BACKGROUND OF THE

| NVENTI ON Heretofore, a seat belt is disposed on vehicles such as
aut onobi |l es for protecting drivers HEFIRIATIOMpact shocks upon collision.
To further increase safety inprovenent, a pretensioner system which

conpri ses "a proALEENBERATING COMPOSNTEORr BRRCYSHUIN -A reREMENSI aNERposed to a
seat belt roll-up device for retracting the seat belt, has been prevailing
recently. And by the pretensioner, the seat belt is retracted instantly to

hol d passenger's body. In such a pretensioner, since the seat belt

has to be raidAGtad, iFiFHANARREUSLY 1RvERFIGRNBERGRE upon conbustion of

gunpowder |s utilized as a power source. That is, a piston inside a

cylinder is |nstaq%_d89g§éytq3¥%gt gn¢Q§H§$Q?%%h%%%¥%ggﬁeL£99£8w§ﬁ$ﬂé

generati ng agent a power 1s su ensi oner

novenent ofjg cabl e connected at one
or generating an operation gas in pretensioner systems that

aremounted on, for example, automobiles and aircrafts in order

to protect human bodies.

BACKGROUND OF THE INVENTION

Heretofore, a seat belt is disposed on vehicles such as
automobiles for protecting drivers against impact shocks upon
collision. To further increase safety improvement, a
pretensioner system, which comprises “a pretensioner”, i.e.
an emergency pull-in device disposed to a seat belt roll-up
device for retracting the seat belt, has been prevailing
recently. And by the pretensioner, the seat belt is retracted
instantly to hold passenger’s body.

In such a pretensioner, since the seat belt has to be
retracted instantaneously, a gas generated upon combustion of
a gunpowder is utilized as a power source. That is, a piston
inside a cylinder is instantaneously moved by the combustion
gas from a gas generating agent, and a power is supplied to

the pretensioner by the movement of a cable connected at one



end to the piston. As the gas generating agent used for the
pretensioner, for exanple, JP-A 49-50619 discloses that a single base
propel l ant, a doubl e base propellant, and a triple base propellant, using
nitrocel l ul ose as a base agent, can be used. Such wel | - known
conventional propellants have high conbustibility but have a probl emthat
gases after conbustion contain a great anount of noxi ous CO gases. And
with an in@amgadiongheopdstonsness for safety, pretensioners have tended to
be used not only for -a driver seat but also for a passenger seat and rear
seats, so that anaanohetgesf g€Degaseng agembd Useigéornelyé impddensioner,

Furt her, because these well-known existing propellants are based on n|tr|c

ester such Foridxaapell, Ubesg 29ds50p1 b1 @ULYTEEdd, thHherL dindilee Hasebl em of
poor thermal stability. These are not preferable in the pretensioner

desired to ‘i)&@p@ltlan%t ap| ﬁoﬂﬁiéoﬁﬁé‘cﬁréﬁ’élf‘aﬁ ol anged wardi0d yafsd 1 1me.

At present, "however, hod of |nprOV|ng gases after conbustlon of the

si ngl e base IIant the do ropellant e |p| base
propel | ant, pDS|p%ngarl?ltt’ r%Slerfq uﬁgschs?}lﬁgsggsea esr?t aggrrllg c@ %% 5 %f
i nproving thernal ab|I|t of such gropellants ave not been

specifically prov?BE well- OV%rT?ﬁﬁ tonRl At hGYEs Pigdy

exanpl e, a gas 2
combustibility but have a problem that gases after combustion

contain a great amount of noxious CO gases. And with an
increasing consciousness for safety, pretensioners have .
tended to be used not only for a driver seat but also for a
passenger seat and rear seats, so that an amount of CO gases

is no longer negligible.

Further, because these well-known existiﬂg propellants
are based on nitric ester such as nitrocellulose and
nitroglycerin, there is the problem of poor thermal stability.
These are not preferable in the pretensioner desired to exhibit
stable performance for a prolonged period of time.

At p;esent, however, a method of improving gases after
combustion of the single base propellant, the double base
propellant, and the triple base propellant, using
nitrocellulose as the base agent, and a method of improving
thermal stability of such propellants, have not been
specifically provided.

Further, JP-A 2-293389 discloses, for example, a gas



generating agent conprising cellul ose acetate and ammoni um perchl orate.
Certainly, this nakes possible to inprove thermal stability and reduce an
anount of CO gases. However, when cellul ose acetate is used as a binder,
procedures such as extrusion nolding and cutting operation are very

difficult andproduci ngandprocessing are also difficult. In addition,

when ammoni um perchlorate is used as an oxidizing agent, eneration of

chl ori ne- coReRERR AN Y AL 5 RIPPLS SHPGr 6§eA L 18BL0RFE ath fBde3MEPP EEM
conbusti on may be a problem DI SCLOSURE OF THE | NVENTI ON In view

of the aboveperchlosate. olfieethioflyt hehpsesekes poweiblente oigpxovele a gas
generating conposition superior in thermal stability, capable of
decreasi Ng @Reai®UMNtai 16RYIRRE T eduRXCEh | Ritur th offir 00l YeisG .anHoPevELSSI NQ,
and capabl e of reducing chlorine-containing gases if required, by

combi nati onyREn ce i Wil de hetARle $haRibdzed DividRierangdraBeaukdsziignagent

as major conponents. Anot her Obj ect of the present invention is to
provi de et ggqf r i
descri bed a%%vee S¥e m‘?%&{fingégn |nve %%r%]ﬁgghgé% e § 9& Fﬁ?%g a

hi ghly ther stabi,lized, binder with_an oxi ent as
conponent s, ﬁlﬁ?%&&&ﬁﬁ%ﬂ Pﬁoﬁ?%%’rrb%aéegaa]ssoggﬁﬁé?]lﬁg In adgajcmn’
e when ammonium perchlorate is used as an oxidizing agent,

generation of chlorine-containing gases such as hydrogen

chloride in gases after combustion may be a problem.

DISCLOSURE OF THE INVENTION

In view of the above, it is an object of the present
invention to provide a gas generating compositic;n superior in
thermal stability, capable of decreasing an amount of CO gases,
excellent in producing and processing, and capable of reducing
chlorine-containing gases if required, by combination of a
highly thermal stabilized binder and an oxidizing agent as
major components.

Another object of the present invention is to provide
a pretensioner system using the gas generating composition
described above.

The present inventors found that by combining a highly
thermal stabilized binder with an oxidizing agent as major

components, it is possible to provide a gas generating



cdnposftion superior in thermal stability, capable of decreasing an anount
of CO gases, excellent in producing and processing, and capabl e of
reduci ng chlorine-containing gases if required, thus arriving at the

conpl etion of the present invention. That is, the present invention
provi des a gas generating conposition for use in a pretensioner, which is
superior in thermal stability, capable of reducing CO gases and excel |l ent

i n produci ngompds pt berssirrr 19 imidihararl skabplas¥nt caPabeAt Pén provi des a
gas generating conposition which is superior in thermal stability, capable
of reduci ngaétrgasisg andmoapabbt e gameisci agcehl ent nier Epeodaicinggagdses.
The gas generating conposition of the present invention can be applied to

a seat belt,dg¥b68ihQ! andveipad® PaSENGahg cKDSPId &I duntaaiieldg gases! | - up
device for rolling up the belt, a pretensioner for retracting the belt at

an emergencyr f,gafre @ENGHA aRF139881 afNEh& R AN thieNgruBbhtf or
driving the pretensioner. Further, it can also be applied to a

nmet hod of regtrgigﬁng a passenger's body conprising the steps of
actuating t e ﬁ? ensi oner at an energency by using a gas generating
agent, -and retracting,the belt in a.seal helt s

passenger conpri sTHRC & Shethe lpﬁeﬁﬁT‘F-W%}iot?epr%%ﬁde‘?r%F‘rqo#ggﬁ%g?lﬁgg%%I t, a
pretensioner for retracting the belt _ - 4-
composition for use in a pretensioner, which is superior in
thermal stability, capable of reducing CO gases and excellent
in producing and processing. In addition, the present
invention provides a gas generating composition which is
superior in thermal stability, capable of reducing CO gases
and capable of reducing chlorine-containing gases.

The gas generating composition of the pres.ent invention
can be applied to a seat belt device for a vehicle passenger,
comprising a belt, a roll-up device for rolling up the belt,

a pretensioner for retracting the belt at an emergency, a gas
generating agent and a power transmitting unit for driving the
pretensioner.

Further, it can also be applied to a method of
restraining a passenger’s body comprising the steps of
actuating the pretensioner at an emergency by using a gas
generating agent, and retracting the belt in a seal bélt system

for a vehicle passenger comprising a belt, a roll-up device

for rolling up the belt, a pretensioner for retracting the belt



at an énergency, a gas generating agent and a nmeans for transmtting power
by a generated gas thereby driving the pretensioner. The gas
generating conposition for use in a pretensioner according to the present
invention is capable of inproving the thermal stability of a gas
generating agent, capable of decreasing an anount of CO gases, excellent
in producing and processing, and capable of reducing chlorine-containing
gases if ratuaneemergerdivhimfdomederstinghpyenfepill asP8BPPi £88  bi nder
and an oxi di zing agent as maj or conponents. Accordingly, the safety of a
vehi cl e passeagenicaimdepdwsyr dsech cemeratieidglgky toeirebiedpiwirastbeer

system can be obt ai ned. PREFERRED EMBODI MENT OF THE | NVENTI ON The
gas gener at H,pgceREPHSek 1 on used in one enbodi ment of the present invention
conprises a binder and an oxidizing agent. The bi nder, can include

at |east one conpgyn 64 i g OFbHEL G MR oGNS Shidgreteighbnbpse
acetate butyrate (CA ?ﬁe&{#zﬁ boxlfr?ret hy}IB cJéI | ul oge sodi um ?El\/C?Na),

hydr oxyet hyl cell ul gse . y . .G (4 .
ce: : u: ose (f\‘/ff?r Jf%%/%%hg/}g; ?ﬁg?ﬁﬁﬁggﬁﬁ%%sfﬁ%lf?gé oﬁ#e%??{get hyl
O vaest avtperma st s Has RAnEraPng®aehe, badidbie o

decreasing an amount of CO gases, excellent in producing and
processing, and capable of reducing chlorine-containing gases
if required, by combination of a highly thermal stabilized
binder and an oxidizing agent as major components.

Accordingly, the safety of a vehicle passenger can be improved

and a highly reliable pretensioner system can be obtained.

PREFERRED EMBODIMENT OF THE INVENTION

The gas generating composition used in one embodiment
of the present invention comprises a binder and an oxidizing
agent.

The binder, can include at least one compound selected
from the group consisting of cellulose acetate butyrate (CAB),
carboxymethyl cellulose sodium (CMC-Na), hydroxyethyl
cellulose (HEC), hydroxypropyl cellulose (HPC), methyl
cellulose (MC), ethyl hydroxyethyl cellulose (EHEC),
carboxymethyl ethyl cellulose (CMEC), starch, guar gum,

polyvinyl alcohol (PVA), polyacrylamide, silicone, acrylic



ruber, polystyrene (PS), polyacrylonitrile (PAN), polyvinyl chloride
(PVQO), hydroxy-term nated pol ybutadi ene (HTPB), carboxy-term nated

pol ybut adi ene (CTPB) and gl ycidyl azide polyner (GAP). Because these
conmpounds are superior in thermal stability and producing and processing
(handling easiness in manufacturing) to known nitrocellul ose and

cellul ose acetate (CA), the thermal stability of the gas generating
conposi ti onTHRET proelics Hrentd (BSdcersl ngcrnkomblsri g i@ i, ngodyNpo¥Lt i on
are al so i nproved. The bi nders descri bed above nay be used singly or
in conbi nathdnrifer ¢pYC) Byhywien:0f- eyl inaaldd wodkybhitadeeae (Hapshi ng

easi ness during manufacturing, such as the viscosity of the gas generating

conposi ti oncarHokhetbannessa pdilypiitkidiidne glca@ppdf ahbegmglcs!asllaéﬁiia!ae can
be i nmproved. For exanple, the nolded article is easily broken or disrupted

when Cel|Ub@iﬁm@fekéif)!SB%%%QS@'Qﬂ@FebHBmﬁgﬁngéngiér&héﬁ%ﬁgfifﬁ ther eof
th cellu te.

can be inproved by mxing it w | ose acetate butyra The

tent of L nd int ti it i i ed
Gependi ng orteREey Sk h iyt OF AR R Ao gEReEant 2P ni REEbhEfuna.
oxi di zi ng agent, chlporine- neutralizing_agent, .ignition_inprover,
stabi | i zer, SPFARASS r BYIETHY S RINGD| £& RQP¥Er N14EPERI LRLOSEI @8R ng, curi ng

agent, bonding agent, crosslinking agent, netal fuel, conbustion
-6- cellulose acetate (CA), the thermal stability of the gas

generating composition and producing and processing the gas
generating composition are also improved.

The binders described above may be used singly or in
combination thereof. By use of a plurality of binders,
handling easiness during manufacturing, such as the viscosity
of the gas generating composition and the haréness,
flexibility etc. of the molded article can be improved. For
example, the molded article is easily broken or disrupted when
cellulose acetate is used alone, but the handling qualities
thereof can be improved by mixing it with cellulose acetate
butyrate._

The content of the binder in the gas generating
composition is varied depending on the type and amount of the
nitrogen-containing compound, oxidizing agent, chlorine-
neutralizing agent, ignition improver, stabilizer, flash
reducing agent, plasticizer, deterrent, glazing, curing agent,

bonding agent, crosslinking agent, metal fuel, combustion



ca;t al yét and aging inhibitor as well as oxygen bal ance, but the content of
the binder is preferably 7 to 30 % by weight, particularly preferably 8 to

25 % by wei ght. Further, the gas generating conposition of the
present invention can be bl ended with an oxidi zing agent. The

oxi di zing agent is preferably one or nore conpounds selected fromthe
group consisting of ammonium salts, alkali netal salts and al kaline earth

netal sal t sCBE2EKPBr2Rd RIHRI IPdALHItER| BSateHl & tIXVIeRcP@LaRG eni PRbus
acid, nore preferably one or nore nenbers selected fromthe group
consi sting the combentumpabehbdnder, iparefenaplyed chd o3 Gitte byswdight,
perchlorate, potassiumnitrate, sodiumnitrate and strontium nitrate.

These oxi di phRgiageatSy nByeberdlsed 8 wo @5 Oy weigh@nbi nation thereof.
These oxi di zing agents are used in order to burn the binder. To reduce the

generation of CO gierfidr] mhﬁtfené&‘:ﬁﬁ?ﬂ'ﬁ i8Rpekithenhb Ndefe ptBgeapoUNt oOf

the oxidizing agent 1is preferably controlled such that the oxygen bal ance

appr oaches s CON t,, of gf;\q i 2] o0t S generating
conpositi onQPgl%r@:é%gr%%Pyb%Ob% 0 é:?&ﬁb@ \%gll %%tqfaazﬁg?t ??tﬁﬁgfl y preferably 75
to 92 % by wei ght eneratin

% | . 54 Anot her embodi nent o{ t he gas _
conposition of t TR SPasdrt PigiRt &f BB%E?E?% o %f < Cgﬂp%\qgfm ng
agent and a chlorine-neutralizing agent., , . -
e selected from the group consisting of ammonium salts, alkali
metal salts and alkaline earth metal salts of chloric acid,
perchloric acid, nitric acid and nitrous acid, more preferably
one or more members selected from.the group consisting of
ammonium perchlorate, potassium perchlorate, sodium
perchlorate, potassium nitrate, sodium nitrate and strontium
nitrate. These oxidizing agents may be used tﬁo or more in
combination thereof.

These oxidizing agents are used in order to burn the
binder. To reduce the generation of C0O due to incomplete
combustion of the binder, the amount of the oxidizing agent
is preferably controlled such that the oxygen balance
approaches 0. The content of the oxidizing agent in the gas
generating composition is preferably 70 to 93 % by weight,
particularly preferably 75 to 92 % by weight.

Another embodiment of the gas generating composition of

the present invention consists of a binder, an oxidizing agent

and a chlorine-neutralizing agent.



The binder used in this conposition can include at |east one conpound

sel ected fromthe group consisting of cellulose acetate (CA), cellulose
acetate butyrate (CAB), carboxynmethyl cellul ose sodium (CMC- Na),

hydr oxyet hyl cellul ose (HEC), hydroxypropyl cellul ose (HPC), nethyl
cellulose (MC), ethyl cellulose (EC), ethyl hydroxyethyl cellul ose (EHEC),
car boxynet hyl ethyl cellulose (CMEC), starch, guar gum ponV|nyI al coho
(PVA), pol yacryl afieldinderiusateinddriy remppabeion sany iRy} ede atpbpast

pol ybut adi ene (PB), polyacrylonitrile (PAN), polyvinyl chloride (PVO,

pol yur et hanéne hyshippand eelrenat@dt ymh \tiet gdbepecc(rwlil%)i,ng odr bexyulesai nat ed
pol ybut adi ene (CTPB) and gl ycidyl azide polyner (GAP). The bi nders

descri bed aboyeafBY(CRS , Us@d Sidi¥ ¥cOfatd butgrhitaaldas) t berbokymByhuse of a
plurality of binders, handling easi ness during manufacturing, such as the

Viscosity Ly { e 0aSeAENAT cHid 1G9 TPOSdELag eRRY1! BE1 DAL dBESTumCt | exibility

etc. of the nolded artlc e can be i nproved. For exanple, the nol ded

article is m;ﬂg}ﬁ%{ Shafhekerled ggerneuﬁﬂb'aal%elo%ekgw | 8rtioed

al one, but easiness f ca roved mMXxing it with

cel lul ose acetate but ra The ¢ ent f t he in the gas
generating CBLHPLRFEI }S‘VQPde@yﬂéﬁgﬁﬁtﬁé ofi®t 319§5e?§ﬁg8;hnunt of the
- 8-

carboxymethyl ethyl cellulose {(CMEC), starch, guar gum,
polyvinyl alcohol (PVA), polyacrylamide, silicone, acrylic
ruber, polystyrene (PS), polybutadiene (PB),
polyacrylonitrile (PAN), polyvinyl chloride (pveC),
polyurethane, hydroxy-terminated polybutadiene (HTPB),
carboxy-terminated polybutadiene (CTPB) and glycidyl azide
polymer (GAP).

The binders described above may be used singly or in
combination thereof. By use of a plurality of binders,
handling easiness during manufacturing, such as the viscosity
of the gas generating composition and the hardness,
flexibility etc. of the molded article can be improved. For
example, the molded article is easily broken or disrupted when
cellulose acetate is used alone, but the handling easiness
thereof can be improved by mixing it with cellulose acetate
butyrate.

The content of the binder in the gas generating

composition is varied depending on the type and amount of the



ni t rogen- cont ai ni ng conpound, oxidizing agent, chlorine- neutralizing
agent, ignition inprover, stabilizer, flash reducing agent, plasticizer,
deterrent, glazing, curing agent, bonding agent, crosslinking agent, netal
fuel, conbustion catalyst and aging inhibitor as well as oxygen bal ance,
but the content of the binder is preferably 7 to 30 % by wei ght,
particularly,E%eferably 8, to 25 % by wei ur t t he gas

. ght.. ., . Furthe
gener ati ng BodRPpBELR| AR ARG FrmRapnd, ﬁﬁéﬁﬂ?&ﬁgcéﬁeﬂé'bFéﬁaganﬁith an

oxi di zi ng agent. The oxidizing agent is preferably one or nore conpounds
sel ected fnentradigivuprgonsi sidmigish dmpaevemn satebilaerari fhd6hl salts
and al kaline earth netal salts of chloric acid, perchloric acid, nitric
aci d and ni requsiagiagientn el gartafcerzaiy, yd @rer an thvog ba z iegrbeng isglagstrad fr om
ammoni um perchl orate, potassium perchlorate, sodium perchlorate, potassium

nitrate, sodbHBIngl Afehe, adwhSdTiaMNingMayentat aetihegsaeaxi dombagtagants may
be used two or nore in conbination thereof. These oxi di zing agents

are used i ncgég%s&%&&r&i%e inBiiRdebr 40 wEHUGE CRyRREHALadcdyerhe

i nconplete c ustion of the binder, the anmount of the oxidizing agent is

et onelol pRRMSORLESE B0 Khachs hRg, Y 450 AAILRAGE, PDT AR BT, ResdhE,

content of OXl Z1 Ng agen as generatin osSition Is

0, i i 0,
preferabl y 10,1997, A PV el i P o Ys™ Yy RRghRLAD1Y 75 10 92 %6by

Further, the gas generating composition of the present
invention can be blended with an oxidizing agent. The
oxidizing agent is preferably one or more compounds selected
from the group consisting of ammonium salts, alkalimetal salts
and alkaline earthmetal salts of chloric acid, perchloric acid,
nitric acid and nitrous acid( more preferably.one or more
members selected from ammonium perchlorate, potassium
perchlorate, sodium perchlorate, potassium nitrate, sodium
nitrate and strontium nitrate. These oxidizing agents may be
used two or more in combination thereof.

These oxidizing agents are used in order to burn the
binder. To reduce CO generated due to incomplete combustion
of the binder, the amount of the oxidizing agent is preferably
controlled so that the oxygen balance approaches 0. The
content of the oxidizing agent in the gas generating
composition is preferably 70 to 93 % by weight, particularly

preferably 75 to 92 % by weight.



Further, the gas generating conposition of the present invention can
contain a chlorine-neutralizing agent. It is inportant to use the
chlorine-neutralizing agent in order to reduce chlorine-containing gases,
for exanple, a case that amoni um perchlorate is used as the oxidizing
agent. This chlorine-neutralizing agent can include one or nore nenbers
sel ected from conpounds containing cations selected fromalkali netals and
al kal i ne earth nefiFshberheshe Ja§ BePAES HERE rMPASiF ioFeAf sthapaseaidted in
adm xture of tmo or nore agents. Such chlorine-neutralizing agents
can i ncl ude invemtienagphecogbddinna celtbontne, naudiah sind eaeat .sodi um
nitrate, sodium oxal ate, potassium carbonate, potassiumsilicate,

pot assi um ni tr at e Itpbé dsmidtvamtatatisse rhgnesi oninar bontt£] i z g rRenitm
silicate, magnesiumnitrate, magnesi um oxal ate, strontium carbonate,

stronti um sijlj eaker @6Eﬁﬁﬁkﬁﬁbﬂléfﬁﬁ@vcoﬁ%éfﬁﬁﬂéﬂadié%|aEQr S 1HN a
carbonate, calciumsilicate, caIC|un1n|trate caIC|un1oxaIate magnesi um

oxi de, str OQE]S%”%hé)%‘ aﬂﬁmng%%é&? Te 9@91%%% 83& ?fz 1&% a]%%tn't‘! m

per oxi de, C|un1perOX| iumsalts car
cel | ul ose. cog ent _of

| orine-ne raI|Z|n e in the gas
generati ng POARF HSngarﬁﬁﬁEﬂf?%e & by éiﬁg%lﬂPe Or MOXeThe
function of the chlorine- neutraI|2|n% ent is
- 10 - members selected from compOunds contalnlng cations selected
from alkali metals and alkaline earth metals. These
chlorine-neutralizing agents may be used in admixture of two
Oor more agents.

Such chlorine-neutralizing agents c¢an include, for
example, sodium carbonate, sodium silicate, sodium nitrate,
sodium oxalate, potassium carbonate, potassiuﬁ silicate,
potassium nitrate, potassium oxalate, magnesium carbonate,
magnesium silicate, magnesium nitrate, magnesium oxalate,
strontium carbonate, strontium silicate, strontium nitrate,
strontium oxalate, calcium carbonate, calcium silicate,
calciun\niprate, calcium oxalate, magnesium oxide, strontium
oxide, calcium oxide, magnesium peroxide, strontium peroxide,
calcium peroxide, and sodium salts of carboxyl methyl
cellulose. The content of the chlorine-neutralizing agent in
the gas generating composition is preferably 5 to 50 % by

weight.

The function of the chlorine-neutralizing agent is to



neutralize and stabilize chlorine-containing gases such as hydrogen

chl oride and chl ori ne gas generated upon conbustion of a conpound
containing chlorine atons by alkali netals or alkaline earth nmetals. The
stabilized neutral salt includes sodiumchloride, potassiumchloride,
magnesi um chl oride, strontiumchloride, calciumchloride etc., and these

are such lowtoxic materials that they can be regarded as al nost

nont oxi c. TnéuﬁﬁPéFFﬁeaﬁénﬁﬁﬁh}¥&F%ﬁﬁR£;¥%Q?Tﬁﬂ@ﬁ%%?ﬂéﬂé@?éesaﬁHCQhBﬁld be
reduced to the allowable limt. This allowable anount of the

chl ori ne- cohydirngay gelsesi depaddshbor tondias oaseratied W GOpu sdfionhe

pret ensi oner, the nunber of pretensioners used in a vehicle and the vol une

of a vehicl gfetCeompdind Scontidig el ehilbeiaens abns oy gaskesl iame tadguiored
within the limt causing no problemwhen the pretensioner has been

devel oped LRAka1GheSELr MEHet@s. The stHM103%A0REREAL1 LA IO ARRIGe@N Of
t he pr esent I nventi on I N anyf OI’ m:anf urther contain anit rogen- cont ai ni ng

compound. | The it £A9EP: 0N BLAL0G: GOTBOHAA AN S N eraclaaed 1rom

t he group c085|s ing o an dlne rivative, tetrazo e derivative,

bitetrazol e derlvatlv tr zol e derlv |ve dra2|

triazine defit¥abitva™ % HEARAT BB HSIS ?vcé nc%sgggm aﬂ%\égﬁl}atl ve
and nitram ne derivative. These nltrogen cont ai nin conpounqs my be used
i n adni xt ur éo%WoftoK}E B?tﬁﬁ%%lﬁoﬁ$ﬁﬁnﬁﬂﬁy can be regarded almos

‘nontoxic. The chlorine-containing gases are not preferable
and should be reduéed to the allowable limit. This allowable
amount of the chlorine-containing gases depends on conditions
such as output of the pretensioner, the number of pretensioners
used in a vehicle and the volume of a vehicle etc. That is,
the chlorine-containing gases are required wifhin the limit
causing no problem when the pretensioner has been developed
in a closed vehicle.

The gas generating composition of the present invention
in any form can further contain anitrogen-containing compound.
The nitrogen-containing compound can.bé the one selected from
the group consisting of guanidine derivative, tetrazole
derivative, bitetrazole derivative, triazole derivative,
hydrazine derivative, triazine derivative, azodicarbonamide
derivative, dicyanamide derivative and nitramine derivative.

These nitrogen-containing compounds may be used in admixture

of two or more compounds.



Such ni trogen-contai ni ng conpounds can include, for exanple,

ni troguani di ne, guanidine nitrate, 5-am notetrazole, bitetrazole

di anmonium salt, trihydrazinotriazine, dinitroameline, dicyandi am de,
azodi car bonam de, hydrazodi carbonam de, trinmethylene trinitram ne (RDX),
tetranethyl ene tetranitram ne (HWX), and ethylene dinitram ne (EDNA)
Because the binder used in the present invention_contains_a_|large nunber
of carbon atons ifU¢herHOTR/R €Ord A1RAHE CQWEGHPdeCPHelﬁﬁiﬂﬁﬁingoﬁgent is
requi red. Accordingly, the nitrogen-containing conmpound which is a
conpound haexagpaeyeriyroguahldaneuguaof ddaebuit zateys5 baminovretfadoke a | ar ge
anount of nitrogen atons and hydrogen atons can be added to the gas
generati ng 590pesat6DE dDarthmyeiunt & lanowati hgldrake noxirdaziing, agent and to
raise the gas output. The content of the nitrogen-containing conpound in

the gas gengkal L PGamh@IPRS) td QY driy iRl ARl a3 chebefaki By, wei ght,

particularly preferably 6 to 40 % by weight. Further, the gas

generating ﬁ?HPQ%b& Ly 08 d i eéﬁ%ethbﬂ\é%%t .99 nG B2 RE nfll ?ﬁﬁﬁ? with an

i gnition inprover. I'S 1gnition inprover can include nitrocel ful ose (NO),

cel | ul ose cetate nitrate (CAN)., .and.cell e nitra arboxynet hyl et her

(CNC) as me??gﬁgmﬁtﬁ¥§?%?eté?ﬁégﬁﬁ?amﬁﬁf é@%@intaSF F%gygfaﬁition i npr over

in the gas generating conposition is - 12 -
initramine (EDNA).

Because the binder used in the present invention
contains a large number of carbon atoms in the molecule, a large
amount of the oxidizing agent is required. Accordingly, the
nitrogen-containing compound which is a compound having a very
small amount of carbon atoms but containing a large amount of
nitrogen atoms and hydrogen atoms can be addea to the gas
generating composition to lower the amount of the oxidizing
agent and to raise the gas output. The content of the
nitrogen-containing compound in the gas generating
composition is preferably 5 to 50 % by weight, particularly
preferably 6 to 40 % by weight.

Further, the gas generating composition of the present
invention can be blended with an ignition improver. This
ignition improver can include nitrocellulose (NC), cellulose
acetate nitrate {CAN) and cellulose nitrate carboxymethyl
ether (CNC) as well as a mixture thereof. The content of the

ignition improver in the gas generating composition is



preferably 1 to 10 % by weight, particularly preferably 2 to 8 % by
wei ght . Further, the gas generating conposition of the present
i nvention can be blended with a stabilizer. This stabilizer can include
di phenyl am ne, 2-nitrodi phenyl amne, ethyl <centralit and resorcinol as
well as a mxture thereof. The content of the stabilizer in the gas

generating conposition is preferably 0.1 to 2 % by wei gh rticularly
preferably pgegerabiy2ol ohdhyOnkiRweight, PaFGFFH%?gli’I%‘gegé%r%g]%rzaEPng
conposition of the present invention can be blended with a flash reducing
agent. The 8f kably wedgbtng agent can include, for exanple, potassium
sulfate, bariumnitrate and cryolite as well as a mxture thereof. The
content of the flashthefpciyggagedrénerntimy gaspogenépat o hgheoppesieniton i s
preferably 0.1 to 5 % by weight, particularly preferably 1 to 2 % by

wei ght . inveRtibhietan e riasag8 NS & iaNgtaBIPOset | Oriifs shabinazest
i nvention can be blended with a plasticizer. The plasticizer can include,

for exanpl e di %rcxhaghabgiylgﬁfl _ﬁ\%{y'ze-nﬁ@daq%en%nia&n&%teeu edhiut vl

pht hal ate, triacetin, ace riet citrate, dioctyl adipate, butyl

phthal y! butl, qlycol ate. o getiwlo phalorh gbny!n BLyeaL abe (ABFS) ARl et by

pht hal yl  effi as “Wel'| "as“a mixture thereof. Thé content

of the plasticizer in the gas . enerating conposition ., . ‘s
- 13 - content of the stabilizer in the gas generating composition

is preferably 0.1 to 2 % by weight, particularly preferably
0.8 to 1.2 % by weight.

Further, the gas generating composition of the present
invention can be blended with a flash reducing agent. The
flash reducing agent can include, for example, potassium
sulfate, barium nitrate and cryolite as well as a mixture
thereof. The content of the flash reducing agent in the gas
generating composition is preferably 0.1 to 5 % by weilght,
particularly preferably 1 to 2 % by weight.

Further, the gas generating composition of the present
invention can be blended with a plasticizer. The plasticizer
can include, for example, dioctyl phthalate, diethylene glycol
dinitrate, dibutyl phthalate, triacetin, acetyl triethyl
citrate, dioctyl adipate, butyl phthalyl butyl glycolate,
methyl phthalyl ethyl glycolate (MPEG) and ethyl phthalyl
ethyl glycolate (EPEG) as well as a mixture thereof. The

content of the plasticizer in the gas generating composition



is preferably 0.1 to 10 % by weight, particularly preferably 3 to 5 % by
wei ght . The surface of the gas generating conposition of the
present invention can be coated with a conbustion suppressing materi al
when noderate conbustion is required at the initial stage of the
conmbustion. The deterrent can include, for exanple, dinitrotol uene,

di butyl phthal ate, canphor and ethyl centralit as, well as a m xture

t her eof . ThéschreEarakly thd tee%%r%/@ﬁ(t WEASRRe RSt HEHAEY ﬁ&e?&lfﬁ <t ion is
preferably 0.1 to 10 % by weight, particularly preferably 2 to 6 % by

wei ght . 3 toF&r shby, wehehgas generating conposition of the present

i nvention can be provided with gloss by a glazing when it tends to be
statically chargednaf ¢erfékeyio. thdegal o dragdnge niomppisérépns oft &hec
charge, and al so has an effect of inproving snoothness upon charging of

the gas genghalieny AGEMtiocH@anMBaziaE e tNEl d6ifbu s Ol o xATRressghaphi t e.
The content "of the glazing in the gas generating conposition is preferably

0.01 to 0.2% by veh ol %gf‘e QWRELYHREE1 65 3 ¥eBud?eli0a P thebindy 18I ght .

i
Further, the gas géneratin 5bnp05|t|on of the present invention can be

T L e e A
di i socyanate (DDI) and . isophorone diisocyanate, (LEDI), a5 well,ag,8,m xture
centralit as well as a mixture thereof. The content of the
deterrent in the gas generating composition is preferably 0.1
to 10 % by weight, particularly preferably 2 to 6 % by weight.
Further, the.gas generating composition of the present
invention can be provided with gloss by a glazing when it tends
to be statically charged after drying. The gl;Dss treatment
prevents static charge, and also has an effect of improving
smoothness upon charging of the gas generating agent. The
glazing can include, for example, graphite. The content of
the glazing in the gas generating composition is preferably
0.01 to 0.2_ % by weight, particularly preferably 0.05 to 6.1 %
by weight.
Further, the gas generating composition of the present
invent.ion can be blended with a curing agent. The curing agent
can include, for example, hexamethylene diisocyanate (HMDI),
2,4-toluene diisocyanate (TDI), dimer diisocyanate (DDI) and

isophorone diisocyanate (IPDI) as well as a mixture thereof.



The content of the curing agent in the gas generating conposition is
preferably 0.1 to 5 %by weight, particularly preferably 1 to 3 % by

wei ght . Further, the gas generating conposition of the present
invention can be blended with a bonding agent. The bonding agent can

i nclude, for exanple, 1,2-tris (2-nethylaziridenyl) phosphine oxide (trade
name: MAPO) etc. The content of the bonding agent in the gas generating
conposi ti onThe ppefentbd§ tile lcuming Wdpntwdinghe [garst gemezaltyner ef er abl y
0.1 to 0.5 %by weight. Further, the gas generating conposition of
t he present compvention Tamreteblabageo. witd 5ascbpsedigiki npaagéonlafiy
crosslinking agent can include, for exanple, ammoni unbenzoate, trinethyl ol

propane (TMBke2RdaB1y Xt Hbe3theseafeighte content of the crosslinking agent
in the gas generating conposition is preferably 0.1 to 3 % by wei ght,

particularly preferaply,. Qb (9slgdfdWat&lPomposition8E RS priB@ngas

generating conpositron of the’present invention can be blended with a

metal fuel. The metal fuel i ncl ude, _f | urg i
and & mxt B e RuPRof < The RIS YOttt AcoRREaRo tarn i e BeadaRer T g

conposition is preferably 0.5 to 25 % by wejght,, particularly, preferably 1
to 20 % by wE@eghtcan includey fqpxappieyds %&%&ﬂ& &ﬁ&&%ﬁﬁgﬂyﬁ the,y

pr esent _ - 15 -
phosphine oxide (trade name: MAPO) etc. The content of the

bonding agent in the gas generating composition is preferably
0.1 to 1 % by weight, particularly preferably 0.1 to 0.5 % by
welight.

Further, the gas generating composition of the present
invention can be blended with a crosslinking agent. The
crosslinkingagentcaninclude,forexample,amméniumbenzoate,
trimethylol propane (TMP) and a mixture thereof. The content
of the crosslinking agent in the gas generating composition
is preferably 0.1 to 3 % by weight, particularly preferably
0.1 to 1 % by weight.

Further, the gas generating composition of the present
invention can be blended with a metal fuel. The metal fﬁel
can include, for example, aluminum, magnesium and a mixture
thereof. The content of the metal fuel in the gas generating
composition is preferably 0.5 to 25 % by weight, particularly
preferably 1 to 20 % by weight.

Further, the gas generating composition of the present



i nvention can be blended with a conbustion catalyst. The conbustion

catal yst can include, for exanple, iron oxide, copper oxide, copper
chrom te and amoni um di chromate as well as a mxture thereof. The content
of the conmbustion catalyst 1in the gas generating conposition is preferably
0.1to 10 % by weight, particularly preferably 0.2 to 5 % by wei ght.
Further, the gas generating conposition of the present invention can be

bl ended wi t hnaeniadgiongcanhbbi bbendahevith my camhisdiitosr cadlvisd-udBhef or
exanpl e, phenylisopropyl-P- phenyl ene diam ne (trade nane: NOCRAC 810- NA)
and the |ikeomblls@ieantenalpétt ben abheudehifot erxampliehe igan gendeat i ng
conposition is preferably 0.1 to 3 %by weight, particularly preferably

0.1to 0.5 %b?%e%&ﬂ:h&e, copper diforiifte GaACimhdTLC @ipASbinb@d & wieha
present invention can be produced in any conventional nethods with no

particul ar ars,egtn(jit:&t\jx%nthg?%ofxar’igleecom:eﬁ@rbp%hgr@&ﬁﬁ\?gtfwn HaXlalg st

requi red cormponents anong e bi nder, nitrogen-containing conpound,

oxi di zing agent, chlorine-neutralizing.agent. . 1gniti i mprov,

stabilizer, :P1 58f PRALETIY Ryetd Compe §?38P2%F,pgg%%%$£ﬁ¥ﬁP§€§§{&8,%curing

agent, bonding agent, crosslinking agent, netal fuel,qugpusti% cat al yst
t

and aging PAhMELEHL i RAFRECHIRELRRT S eTRLhi &t S di%en W€ rt]"amd t hen

maki ng the sane into powder or extruded pellets. | The gas generating
conposi ti on of thBuptbsentthagant geperating composition of the present 15 .

invention can be blended with an aging inhibitor. The aging
inhibitor can include, for example, phenylisopropyl-P-
phenylene diamine (trade name: NOCRAC 810-NA) and the like.
The content of the aging inhibitor in the gas generating
composition is preferably 0.1 to 3 % by weight, particularly
preferably 0.1 to 0.5 % by weight.

The gas generating composition of the present invention
can be produced in a_tny conventional methods with no particular
restriction. For example, it can be prepared by mixing
required components among the binder, nitrogen-containing
compound, oxidizing agent, chlorine-neutralizing agent,
ignition improver, stabilizer, flash reducing agent,
plasticizer, deterrent, glazing, curing agent, bonding agent,
crosslinking agent, metal fuel, combustion catalyst and aging
inhibitor in the presence of organic solvent or water and then
making the same into powder or extruded pellets.

The gas generating composition of the present invention



can be nolded into a desired shape for use. For exanple, it can be nol ded
into pellets or extrusion-nolded into extruded pellets by an extruder
(extrusion-nol ding machine) . Further, the extruded pellets may have
either a non-perforated shape or a pored shape. In the case of the pored
shape, it may be a single-perforated shape with only one pore, or a
perforated (porous) shape having a plurality of pores (e.g. 2 to 7 pores).
The size of cehebexnalithstl ipsol at deskreth share faraneter F eFagpds 518 nm
preferably 0.8 to 4.0 nm an inner diameter of 0.05 to 3.0 nm preferably
0.1 to 1.0 panabne mvlddgthtofpelldd orl8xOrunjopreddieadint® gxtyuded mm
The gas generating conposition according to the present invention can be

di sposed in @1@&65Wéz@'&&ﬁ:rda\ékcﬁé:@dﬁsliwdmollyhhgrnradtgxﬁé*)e_ cBapoieki,on in
conventionaF The gas generating conposition according to the

present | ”%@Qt éQErﬁ&e&aﬂélféﬂsaEn'axf Hﬁ%uéléﬁe@ Hao0NEFRIraR@ sagaabef or
use in a pretensioner seat belt device which is nDunted on

aut onobi | es a?%ég%éé aft |nve%?|tﬁg'égén‘%%tkg ngg@ s F§§AB€LES

Her ei nafter® on i s descri In nore etal
reference to t he Exanples and arative the | nventlon IS
51 ShRh

not |i nitedatdiRekdh RE&EAA fpl g ang %%é’r?&e(’:oﬁ%aaf SFF\%rE)%SrrpI el

S (porous) shape having a plurality of pores (e.g. 2 to 7 pores) .
The size of the extruded pellets is an outer diameter
of 0.6 to 5.0 mm, preferably 0.8 to 4.0 mm, an inner diameter
of 0.05 to 3.0 mm, preferably 0.1 to 1.0 mm and a length of
0.5 to 10.0 mm, preferably 0.8 to 5.0 mm.

The gas gene?ating composition according to the present
invention can be disposed in a pretensioner de&ice and used
by burning the composition in conventional way.

The gas generating composition according to the present
invention is particularly useful as a gas generating agent for
use in a pretensioner of a seat belt device which is mounted
on automobiles and aircrafts, etc. for protecting human
bodies.

EXAMPLES

Hereinafter, the present invention is described in more
detail with reference to the Examples and Comparative Examples,
but the invention is not limited to such examples.

Examples 1 to 17 and Comparative Example 1



Table 1 shows a result of calculation for theoretical conbustion of gas
generating conpositions. Conbustion tenperature, total anmount of generated
gases, and anount and concentration of generated CO of various gas
generating conpositions are shown in the Exanples, and conbustion
tenperature, total anount of generated gases, and anount and concentration
of generated CO of a nitrocellulose gas generating conposition are shown
in the Conparativ&abkanpl ghows a respid O caheehttaen ofPY dhadretgenl
generating conpositions in the Exanples is greatly reduced than the CO
concent r at i apmbust ibine offi taecgbharasingasomgpeel tatdmygy. cGopbastion in the
Conparative Exanple. Exanple 18 and Conparative Exanple 2

Theoretical teMpgefathir@) total Rendat 08N@ERéIded GAFRESI hh@rambidt i@
formul ati on shown in Table 2 was conducted to exani ne the concentrati on of

hydrogen Ch'c%c%%ﬂr%t%ﬂ%i“ §8n e H2868 - cd "Gt CPNCEINIL Ad L1y e AiMAmAIEN
chloride in the conpositionTnot contalnlng the chl ori né- neutraI|Z|ng agent

was al so exanlned s the co ratlve anp d that the
concentrati on omgfoshy&rogﬁeﬁrgngo?w%e |§ﬁ(e n’éanéﬁl%s gaasneds cf°r om ttﬁ%%gas

generating conposition of the esen% |nvent|on is |ower _than t
concentrati &iF ﬁ%&F&geEOt%hl IFRETRHPH PSS ABE %RﬁﬂQﬁlﬂnﬁg t he
chlorine- neutralizing agent. - 18 -

concentration of generated CO of a nitrocellulose gas
generating composition are shown in the Comparative Example.

The CO concentration for the gas generating compositions
in the Examples is greatly reduced than the CO concentration
for the nitrocellulose gas generating composition in the
Comparative Example.

Example 18 and Comparative Example 2

Theoretical calculation for the gas generating
composition with the formulation shown in Table 2 was conducted
to examine the concentration of hydrogen chloride in generated
gases. The concentration of hydrogen chloride in the
compositiop not containing the chlorine-neutralizing agent
was also examined as the comparative example.

It was found that the concentration of hydrogen chloride
in generated gases from the gas generating composition of the
present invention is lower than the concentration of hydrogen
chloride in the composition not containing the chlorine-

neutralizing agent.



Conpar ati ve Exanple 3 Ni trocel | ul ose containing 25 % by wei ght of
et hanol, and di phenyl am ne, were wei ghed to provide a conposition
(nitrocel | ul ose/ di phenyl am ne = 100 parts by weight/1 part by weight)
after drying. The m xture was introduced into a kneader, and further 25
parts by wei ght of acetone was added thereto, and the m xture was m xed
and kneaded for about 2 hours. _Then, the kneaded m xture was extruded
through a diCompegRtiNe E¥aBPLlEi Aneter of 1.8 mmjerr] and an inner dianeter
of 0.3 mm{err] under a pressurizing condition at apressureof 100 kgf/cnR
to prepare a sinylierpoetleydsadontalindng Fgsshapetightcfuethampiiead this
string-shaped product was cut by a cutting nmachine into pieces of 1.4 nm
in length. giphenylheifel dedrarwetiredf td hergaisieqenaeratpasy tagent
containing the solvent was placed in a dryer controlled at 30 [err]C,

prelimnariliidred1f1Qiod8/A9PhEny BAMi AbeN P 3eed sl By vedigher/1 Rt byl | ed at
a tenperature of 50[err]C and dried for 30 hours. Then, the nol ded

article of yzqg@xgg g%gg&aakpgnggenfh@@ﬁxtql&%pwatselmeaheteaoqﬂesd ai Nto a

bl ender to wel ght of graphlte t her eon Flnally, it
Sonerat g Mheheher P e BT PP e
generating & t %@%to angm%gn&gturewasm;xedandkneadedforaboutizhours
Then, the kneaded mixture was extruded through a die with an
outer diameter of 1.8 mm® and an inner diameter of 0.3 mn® under
a pressurizing condition at a pressure of 100 kgf/cm® to prepare
a single pore cylindrical string-shaped product. Further,
this string-shaped product was cut by a cutting machine into
pieces of 1.4 mm in length.
The molded article of the gas generating agent
containing the solvent was placed in a dryer controlled at 30
°c, preliminarily dried for 16 hours, and then placed in a dryer
controlled at a temperatufe of 50 °C and dried for 30 hours.

Then, the molded article of the gas generating agent and
graphite were introduced into a blender to deposit 0.05 part
by weight of graphite thereon. Finally, it was sieved in a
sieving machine, and excess graphite and dusts of the gas
generating agent were removed to give a molded article of the
gas generating agent.

Example 19



Materials (cellulose acetate butyrate/ethyl phthalyl ethyl glycolate) were
wei ghed to give a conposition (12 parts by weight/4 parts by weight). The
m xture was introduced into a kneader, and a m xed sol vent (acetone/ethyl

acetate = 4 parts by weight/8 parts by weight) was added thereto, and the
m xture was m xed and kneaded for about 10 minutes. Then, 84 parts by

wei ght of ammoni um perchl orate with an average particle _di arrgt gr 05) 5
[err]mwere addedM2hersebs &Rl lHkOsR AR thadutvrade/stavknBEE8a¥dr about

1 hour. Then, the kneaded m xture was extruded through a die with an outer
di amet er of ethglngeralateldeereaveisved tiozg hige GoRamMPPahtaeonapk%e®3utEof 100
kgf/cn2 to prepare a string-shaped product. Further, this string-shaped
product wapycwdidhr A pHikteng watghtp. i mhe pietese ofaslift nodueed éngoh.

The nol ded article of the gas generating agent containing the solvent was

placed in a dkyela&ONhhald Rx8d s3A veher (datdiesldtiynastéya th i-ed phat s16
hours, and then placed in a dryer controlled at a tenperature of 50 [err]C

and dried f%é, v}(?i%ﬁéyesaartﬁib wa G ) (e JALLEnarbts! andf thdai9%re

generati ng agen raphite were introduced 1nto a bl ender to deposit

Si evi hg macHPAeT AR A8 CECU P To B il B BE Ehe GIET gedef ARy agent
ner e rem)ve% t(t)v gl ¥1?: gfngxlngggil?rgtégllghlogrgthee qus a%eg%re%‘taigggp%g%qgle
Exanpl e 20 °Y weilg A
diameter of 5 Mm were added thereto, and the mixture was mixed
and kneaded for about 1 hour. Then, the kneaded mixture was
extruded through a die with an outer diameter of 1.8 mm® under
a pressurizing condition at a pressure of 100 kgf/cm2 to prepare
a string-shaped product. Further, this string-shaped product
was cut by a cutting machine into pieces of 1.0 .mm in length.
The molded article of the gas generating agent
containing the solvent was placed in a dryer controlled at 30

°c, preliminarily dried for 16 hours, and then placed in a dryer

controlled at a temperature of 50 °c and dried for 16 hours.

Then, the molded article of the gas generating agent and
graphite were introduced into a blender to deposit 0.05 part
by weight of graphite thereon. Finally, it was sieved in a
sieving machine, and excess graphite and dusts of the gas
generating agent were removed to give a molded article of the
gas generating agent.

Example 20



A nol ded article of the gas generating agent (cellulose acetate/cellulose
acetate butyrate/amoni um perchlorate/ethyl phthalyl ethyl

glycol ate/sodiumnitrate 9 parts by weight/9 parts by weight/46.8 parts by
weight/4 parts by weight/31.2 parts by weight) was obtained in the sane
manner as in Exanple 19. Exanple 21 A nol ded article of the gas
generating agent (cellulose acetate/ammoni um perchlorate/ethyl phthalyl
ethyl glycol at e/ 3dgeRidrdhprrEacte-ofghs93% gepeFeitdne 2Bt Jeetd uhpse

wei ght/4 parts by weight/31.2 parts by weight) was obtained in the sane
manner as i acetampl/eeldulofxaaptest@ by Xt exfedh@avipiar at i ve Exanpl e 4

17 g of the nolded article of the gas generating agent obtained in each

exanpl e ( Exarplasotltbpe2hyansh3par afthye gExaapate 33odiasm buirtntatien =a
cl osed bonb at roomtenperature. A bonb having an inner volune of 170 cc

was used. Afgt et they byrni i N
9 byPHERERE/ 9 958E8s IS &rd ARATY 4610 pardas byaRrmeliighg /Rag and
nmeasur ed for%(%a congentrgti{)n y as det ecti on tube. p‘?}he resul tsl aré shown

in Table 3. _Th oncent r at,i,on g I Add 99 COAMRQget | ONs
of thet prtefsgﬁ'trf |Snv%ﬁ§18%%\%gg'?%ant§% %S’qgéef%gtn)sgggr agi y II?%)dwgrg ttghangt%ﬁe CO
concentration fromthe conpositjon in the Conparative Exanple. Exanples
25 to 26 and2&3fpalit WeEﬁﬁng ?eig' ™ ™ - ZlnP

Example 21

A molded article of the gas generating agent (cellulose
acetate/ammonium perchlorate/ethyl phthalyl ethyl
glycolate/sodium nitrate = 18 parts by weight/46.8 parts by
weight/4 parts by weight/31.2 parts by weight) was obtained
in the same manner as in Example 13.
Examples 22 to 24 and Comparative Example 4

17 g of the molded article of the gas generating agent
obtained in each example (Examples 19 to 21 and Comparative
Example 3) was burnt in a closed bomb at room temperature. A
bomb having an inner volume of 170 cc was used. After the
burning, gases were taken into a gas sampling bag and measured
for CO concentration by a detection tube. The results are
shown in Table 3. The concentration of CO from the gas
generating cbmpositions of the present invention was found to
be considerably lower than the CO concentration from the
composition in the Comparative Example.

Examples 25 to 26 and Comparative Example 5



The thermal analysis (DTA) of the follow ng gas generating conpositions
obtained in the sane manner as in Exanple 19 was conducted. The results
are shown in Table 4. The DTA exotherm c peak tenperatures of the
gas generating conpositions of the present invention were found to be
hi gher than that of the nitrocellul ose-containing conposition in
Conparative Exanple 4. The conpositions of the present invention were
found to have hi gfibe thermal zaabvgigy(DTA) of the following gas

generating compositions obtained in the same manner as in
Example 19 was conducted. The results are shown in Table 4.
The DTA exothermic peak temperatures of the gas
generating- compositions of the present invention were found
to be higher than that of the nitrocellulose-containing
composition in Comparative Example 4. The compositions of the

present invention were found to have higher thermal stability.



- 22 - Table 1 Conposi tion
Conmbystion Total anmount of CO anpbunt CO :
tenperature generated gas concentration
(w9 (k) (mo I/ 100g) (rmol / 100g) (% Conparative
Ni trocel | ul ose 2686 3. 8299 0.94891
24.8 Exanple 1 (100) Exanple 1 Starch / NHAA  err] 2957
gt 497E / NHé"I.:z‘,'b};?O’l 0.0 (22 3/ 77. 7) Exanpl e 2
arc HO4A——NaNG3 ———2663 . 8429 AO00PA53
0.0 (45. 0/ 45°%°FY 5) B, RMRPK" | T‘;‘if"%ff* o(%beahh " dfg%gﬁon
3191 3.2449 0. 0060361 ® 9] Omoy100g | (mols100gf 16- 4% 83.6)
Exanpl e 4 Compatatve O Nirobelluidbe TC1 O Nal 2686 | 292538299 0948941 6797 248
0. 000024 Example 1 Q. gy (118.6/47)2/ 34.2) Hxanple %
Pol ystyreng Ekampie i €7 T hateh FR¥HLCIOs 31967 3.49773. 4500 ¢ 0. @425
0.0 ( 4Q22399)7) Exanpl e 6 Pol ystyrene / [NHACI O4}/ NaNC3
2920 E{amﬁlé 72 | Stdth PHBIE PRaNOs D660 2.8429 | 0.00000463 | 37 51. H037. 2)
Exanpl e 7 ol ybutgsdi; g3xesfs) NH err]|A q err 3189 3. 5400
0. 00233 Example 3 Y- Sificone / NH4CIOs (19.5 B1990.5) B3aasndl ®oo&0361 | Pol ybutoddi ene
I NHerr]QQerr] /] ddaMgdeprr] 2910 2. 8652 0. 00002
0.0 Example 4 ( TIGSiiEh&NHLBDNaNOEX Gl e 285 Pol 3&3err|y| aetoe2d il e / NH4CI O4
3151 - 3. 453Q18.6/472/0931 040 (13.1 / 8§.9)
Exanpl e 10 | Exahgik y aclrPglstyrend /INHIC®: | NH4CI O @197}/ NaNgpedr|r] 000878 0.0
2.7793 0. 01206 | (10/90) 0.4 (15.0/49.3/35. 1) Exanplle 11
Pol yvi nyl ¢ lEkemple 6le |/Poljsiyifre rNH]COk/@NOs 3197920 2778, 1362900150 | 00000 160
0.0 (2Qu1y37ond IB8anpl e 1 Polyyinyl chldride / NHAC Q4 1] NaNO3
2984 2. 65dample 7 (. Foig@Bdene / NHaClO4 0.0 3189 3.5400 (.230_.(@23,14_ 3/ 32_0_{_0)
Exanple 13| _Cel | ulld&®/%det ate butyrlate / = ’2’2'—‘\928652 — 02_ 7520 -
0. 0673 Exarmple ® 4] Polybutadiene / NH4CIO4/ NaNORDY /| .
Exanpl e 14 Cel! L 51},0'&’51&'”3%«""’37% Rutyrat cK/@? T 262632530 T 0,00 ?’E‘T)SééA/f)ﬁ)
0.0611 Exampf%. qf oy/eeon1e N oy / KNG WF 307 W)
anpl e cel-H—+ t yriate— 2920 6549 27
0. 00969 'E"al\'ﬁﬁe"os. Z{?;’;’ﬁ";‘",‘:?f‘b‘s" ﬁéwle t 1 ogiani di ne 5Ra1 of 07206 04 (10
/39/51) Examg e 0 LIchEi&S RREIORTTOA 3197 3.3612 |28060800160 1883
0. 0000531 Q219 79) :
Example 12 | Polyvinyl chloride / NH4CIO4 / NaNO3 2084 28517 0.000547 0.0
(23.6/44.3/321)
Example 13 | Cellulose acetate butyrate / 3352 2.7520 0.0673 24
RDX/ KCIO4
(10744 148)
Example 14 | Cellulose acetate butyrate / 2626 2.3571 0.0611 28
RODX/KNO3
(10/39/51)
Example 15 | Cellulose acetate butyrate / 2920 2.6549 0.00969 0.4
Nitroguanidine / KCIO4
(10/39451)
Example 16 | Cellulose / KCIOs 2929 21883 | 0.0000531 0.0
(28/72)
Example 17 | Cellulose/NH4ClOs / KNO3 2679 2.6944 | 0.00000121 0.0
: (23.5/41.1/354)
Table 2
- Composition (wi%) Concentration of hydrogen chioride (%)
Comparative Example 2 Starch/NH4CIO4 18.9
(22.3(71.7)
Example 18 Starch/NH4CIO4/NaN O3 0.010
(25.0/43.5/31.5)
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(28172) Exanple 17

2.6944 0.00000121

2

of hydrogen chloride (% Conparative Exanp

0.0

le 2

Cel lul ose/NHAC &4 / KNJ err ]

2679
(23.5 /41.1 /35.4)
Conposition (W%

St arch/ NHACl A4

Concentr

Tabl e

ation

18.9 (22.3/77.7) Exanple 18
St ar ch/ NH4ACI qbgrr]Bl NaNJd err] : 0. 010
(25. 0/ 43. 5/ P3¢ . 23 -
Table 3 NONg Comparative | Example 220 tRapR Y3 V €xample X Jnpl
22 Exanpl e 23 Exanpl e 24 Example 4
Exanpl e 4 NiNgh@Rk@lel Ul 0Se 100 100
Di phenyl am{ne 1 Gaphite
0. 05 DipRbnflimine 0. 05 0.051| Cel lul gse acetate butyrjate
12 9 Cellulose acetate
9 Grapide Et hyl phthal yl ethyl glycdlbaije 005 0.05 0.05
4 4 4 Ammoni ym perchl ofate
84 Lelulgse acetate butyrate 46. 8 Sodi Um nitrate 12 9
31.2 31.2 CO concentration (% 43
3 Cgjlulose acetate 4 Tabld 4 NO 9 18
Conpar ati veg Exanpl e 5 Exanpl g 25 Exgnmpl e 2
Ni t r ocel | ul| G&dphthalyl efhyl glycolate 104 | Di phedy! ani ne *
1 Gaphite . .[05
0. 05 Ammonium perchloratg 05 94 46.8 46.8
Sodium nitrate 31.2 31.2
€O concenrafion {%) 43 3 5 4
Table 4
NO. Comparative Example 5 Example 25 Example 26
Nitrocellulose 100
Diphenylamine 1
Graphite 0.05 0.05 0.05
Cellulose acetate butyrate 12 186
Methy! phthalyl ethyl glycolate 4
Ethyl phthalyl ethyi glycolate 4
Ammonium perchlorate B84
Potassium perchlorate 80
DTA exothermic peak 200.8 2444 359.5
temperature (°C)
Remarks Decomposition was Decomposition was Decomposition was
initiated at about 170 °C or | iniiated at about 220 ° | initiated at about 320
more. C or more. °C or more.
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Cel l ul ose acetate butyrate 12
16 Methyl phthalyl ethyl glycolate

4 Ethyl phthalyl ethyl glycolate

4 Ammoni um perchl orate

84 Potassium perchl orate

80 DTA exotherm c peak 200. 8 244. 4
359.5 tenperature ([err]C) Remarks CLAIMS Deconposi ti on was
Deconposi ti on was Deconposi ti on was

initiated af.aboges1gené¢xatiny oronpusiitdond far aseuin2a20rEeteRsipppri at ed at
about 320 nor e. C or nore.

C or nore. which comprises an oxidizing agent and a binder comprisinzdof
CLAIMS 1. A gas generating conposition for use in a pretensioner, which

conprises agtOoxkasgidige agafoudddsal bt bder fEMM N SigIdu@f codbikednly ope
conpound sel ected fromthe group consisting of cellulose acetate butyrate

(CAB), carb t I
i e AR R Myt e

(MC
D b A RV M ihosef 0
e {53k PG (el a R eeﬁéﬁé“%w%xw%
carboxy- terﬂ‘eE‘i‘L?Sse ( I?-Eé)a,d'fa”reboéyili%)yla%‘%h%'ly%L‘%Xulgé'ede(c ey (&)
starch, guar gum, polyvinyl alcohol (PVA), polyacrylamide,
silicone, acrylic ruber, polystyrene (PS), polyacrylonitrile
(PAN), polyvinyl chloride (PVC), hydroxy-terminated
polybutadiene (HTPB), carboxy-terminated polybutadiene
(cTPB) and glycidyl azide polymer (GAP).
2. The gas generating composition for use in a pretensioner
according to claim 1, which_further comprises at least one
compound selected from the group comnsisting of cellulose
acetate (ca), ethyl cellulose (EC), polybutadiene (PB) and
polvurethane as the binder.
3. The gas generating composition for use in a pretensioner
according to claim 1 or 2, wherein the oxidizing agent is an
ammonium salt, an alkali metal salt or an alkaline earth metal
salt of chloric acid, perchloric acid, nitric acid or nitrous
acid.

4. The gas generating composition for use in a pretensioner

- 25 -
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2. The gas generating conposition for use in a pretensioner according to
claim1, which further conprises at |east one- conpound selected fromthe
group consisting of cellulose acetate (CA), ethyl cellul ose (EC),

pol ybut adi ene (PB) and pol yurethane as the binder. 3. The gas generating
conposition for use in a pretensioner according to claiml or 2, wherein
the oxidizing agent is an amoniumsalt, an alkali netal salt or an

al kal i ne eaerieométial tgaamY(ﬂha:hEo¢l%1@E|h11péncﬁh@¥?éna%h%i°&%Q%ﬁ%9930|d or
nitrous acid. 4. The gas generating conposition for use in a pretensioner
- 25 - agent decondi ng moranyoopeunds céel exsted tirdy thleerggiount he
oxidizing agent is one or nore conpounds selected fromthe group

consi sting QondTERANYNLREEFRNLAT GhCpe PO BSHA tdN) 85t LAl ercindiréte,
perchlorate, potassiumnitrate, sodiumnitrate and strontiumnitrate. 5.

A gas generaly %C%E@ﬁmgeef01509§§s1ﬁ}nanpeleé@@5|%rum i Gt LQHY | ses a

bi nder, an oxidi zi hg agent and | ori ne- neutraI|Z|ng agent. 6. The gas
generat|ng o i.tion se |n a pretensioner according to claimb5,
wherein the% %gﬁﬂéﬁupsnétrﬁggst one conpound sel ected fromthe group

consi sting of cellulose acetate cell ul ose acetate byt ate CAB)
car boxymet hyl- AC@PFuﬁﬁgérgﬁﬂpﬁn??éﬁﬁ%%&ﬁ d8RtHY 12 &FHY EC)

which comprises a binder, an oxidizing agent and a
chlorine-neutralizing agent.

6. The gas generating composition for use in a pretensioner
according to claim 5, wherein the binder is at least one
compound selected from the group consisting of cellulose
acetate (CA), cellulose acetate butyrate {CAB), carboxymethyl
cellulose sodium (CMC-Na), hydroxyethyl celluiose (HEC) ,
hydroxypropyl cellulose (HPC), methyl cellulose (MC), ethyl
cellulose (EC), ethyl hydroxyethyl cellulose (EHEC),
carboxymethyl ethyl cellulose (CMEC), starch, guar gum,
polyvinyl alcohol (PVA), polyacrylamide, silicone, acrylic
ruber, polystyrene (PS), polybutadiene (PB),
polyacrylonitrile (PAN), polyvinyl chloride (PVC),
polyurethane, hydroxy-terminated polybutadiene (HTPB),
carboxy-terminated polybutadiene (CTPB) and glycidyl azide
polymer (GAP).

7. The gas generating composition for use in a pretensioner

according to claim 5 or 6, wherein the chlorine-neutralizing

SR T




hydr oxypropyl cellul ose (HPC), nethyl cellulose (MJ), ethyl cellul ose
(EC), ethyl hydroxyethyl cellulose (EHEC), carboxynethyl ethyl cellul ose
(CMEC), starch, guar gum polyvinyl alcohol (PVA), polyacrylam de,
silicone, acrylic ruber, polystyrene (PS), polybutadi ene (PB)

pol yacrylonitrile (PAN), polyvinyl chloride (PVC, polyurethane,

hydr oxy-term nated pol ybutadi ene (HTPB), carboxy-tern nated poI&PuLadiene
(CTPB) and gbgsitd§F aziapoyssl weBPTAEAPY. cablonsesLRC et dean qgdkall
conposition for use in a pretensioner according to claim5 or 6, wherein
t he chl ori neret@dtsr aniizabgaline earth metals. - 26 -

agent is a compound conprising cations selected fromalkali nmetals and

al kal i ne eamt hraet g4 5. geferaiihgammpesedrtdbnngor oupesit i prerenssener a
pretensioner according to any one of clains 5 to 7, wherein the oxidizing

agent is an auRakUE 88/ dny dneabkabiaiws al teahl Wheddinltkad ioxd diedmigh netal
salt of chloric acid, perchloric acid, nitric acid or nitrous acid. 9.

The gas generaf itngﬁ%%”g&g&ﬁiﬁg s%g.retﬁ?§§ d1kA PPHELES ANELr A 6ANEI1NGd O

. Il
claim8, wh&f&in thé oxidrzi I's oné or nore compounds sel ect ed

Sodi um per ARG RSt haPLE S ARRPEHee e Br o e TSt L ERR e
nitrate. 10. The gas generating conposition according to any one of
or nitrous acid.
9. The gas generating composition for use in a pretensioner
according to claim 8, wherein the oxidizing agent is one or
more compounds selected from the group consisting of ammonium
perchlorate, potassium perchlorate, sodium perchlorate,
potassium nitrate, sodium nitrate and stroantium nitrate.
10. The gas generating composition according to any one of
claims 1 to 9, which comprises 7 to 30 % by weight of the binder
and 70 to 93 % by weight of the oxidizing agent.
11. The gas generating composition for use in a pretensioner
according to any one of claims 5 to 10, which comprises 5 to
50 % by weight of the chlorine-neutralizing agent.
12. The gas generating composition for use in a pretensioner
according to any one of claims 1 to 11, which comprises 5 to
50 % by weight of a nitrogen-containing compound.
13. The gas generating composition for use in a pretensioner
according to claim 12, wherein the nitrogen-containing

compound is guanidine derivative, tetrazole derivative,

ARy



claims 1 to 9, which conprises 7 to 30 % by weight of the binder and 70 to
93 % by wei ght of the oxidizing agent. 11. The gas generating conposition
for use in a pretensioner according to any one of claims 5 to 10, which
conprises 5 to 50 %by weight of the chlorine-neutralizing agent. 12. The
gas generating conposition for use in a pretensioner according to any one
of claims 1 to 11, which conprises 5 to 50 %by weight of a

ni trogen- cobtiaehragotenpenivativs, i zplse gardrvatiiyg . .cdygdsizenén for use
in a pretensioner according to claim12, wherein the nitrogen-containing
conpound i s gawaphdine, detiagdhievinr veitiazgl £z ddt ¢ardidnemide derivative,

- 27 - bitetrazole derivative, triazole derivative, hydrazine

derivative, glitiaabneaderbyabhVeve 3O cardipnamaby idardivati ve, di cyanani de
derivative or nNnitramne derivative. 14. The gas generating conposition for

use 10 3 PrSLENTRONET. AGRILILNG LOnARY £NG, GloCligklien T b0 ckdnoHBie

conprises 1710 wei ght ocellulose (NC), cellul ose acetate
nitrate (CAN) or .cellul ose nitrage ar bo t hyl éqgg &5 2R,
i gnition i NBFGYERIRI1EC 30X, &R i%ﬁ%}mgég?%h?ééiﬁéy§%e(§ S generating
conposition described in any one of_ clains 8 to 14.
10 % by weight of nitrocellulose (NC), cellulose acetate
nitrate (CAN) or cellulose nitrate carboxymethyl ether (CNC)
as an ignition improver.

15. A pretensioner system using the gas generating composition

described in any one of claims 1 to 14.

-
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ABSTRACT

A gas generating composition for use in a pretensioner,
which generates less CO gases and chlorine-containing gases
after combustion and is superior in thermal stability and in
producing énd processing, is obtained. The gas generating
composition for use in a pretensioner comprises a highly
thermal stabilized binder, an oxidizing agent, and, if
required, a chlorine-neutralizing agent as major ingredients.
The gas generating composition can improve thermal stability
of a gas generating agént, can reduce the amount of CO gases,
is excellent in producing and processing, and can reduce

chlorine-containing gases if required.



