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Studyonnewgas-generatingagents(I)
Asmallscaledeflagrationtestforevaluationofdeflagration

propertiesfortetrazole-oXidizercompositions

JianZhouWU暮,Mitsuru Am I+.ToshioMATSUZAWA書.
andMasamitsuTAMURA*

InordertoobtainsomeinformationonthedehgTationpropertiesofnewgas一generating

agentsforailbagsystems,wehaveattempedtodeviseasmallscaledefbgrationtestmethod,

andhaveinvestigateditsapplicabilityasascreeningtesttotheevaluationoEthedeflagration

propertiesfornewgas-generatingagentsbyexami ningtheinfluenceoftcs血gconditionson

thedenagTationproperdesandcomparhgtheirdatawiththoseobtainedfromtheILtanktest

method.agoodtestmethodfor既aminingthede飴grationpropertiesoEgas-generating

agentsforairbagsystems.

As theresults.wecansaythatthesmall∝aledeflagrationtestmethoddevisedshoddbe

usehIasascreerLingtestForeyaluatingthede瓜田 tionpropertiesofnewgas-geTIerating

agents.

I. Introduction

AirbagsystemsarewellknowTltObeau血 1tool

forprotedingliv6 inthecarcrashaccidents.

Sodiumaddeisnowchienyusedasabasematerial

forthegas-generatingagentsofairbagsystems.

However.assoditmazidehsnotodystrongtoxid･

tybutalsopssiW forthebrmationofexplosive

materiabfromitsreactionwithheayymetals,many

researcheshavebeencarriedouttormdoutnewgas-

gene】温血gagents.

TIはpr鰯 uR rdeasebehaviorofgasgenerahg

ag印tSbythennddecompositionhasaheadybモ帥

r印0佃 byauthorsL･2･日 )･However･thescrecn-

iJlgtestforeyaluatingthede帥 propertiesoE
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gas-generatingagentshasnotbeenestablished.

nerefore.wedeyisedasmallscaledefkgrationtest

apparatusand investigated itsapplicability to

preliminaryevaluationbyexaminingtheinfluenceof

testingconditionsonthede爪agradonpropertiesand

comparingtheirdabonthedeflagratiDnprOperdes

withthoseobtairLedfromthe1Lbmktests),whichis

wellknowntobeagoodbtJtlargerscaletestfor

eyaluatingthedeflagration propertiesofgas-

generatingagentsforairbagsystems.

2. ExperimBntal

2.1 Materi8IS

2.1.1 TotraZOlesandoxidizers

Tetw lesusedhtheexperimentsareshownin

Table1.HATwasptwchasedhmToyoXhseiCol,

Ltd,.Othertetrazoleswerekindlysuppliedfrom

TokyoXaseiCo.,Ltd‥ KNOB aZldKCIOlareOf

SpecialgradeaJldwereptwchasedfromWakePtqe

ChemiCalIndustries,Ltd‥ TetTW lesaLAdoxidizcrs

weretlSedwithoutfurtherpurification.

Tetra20le-oxidiヱerpowdercompositionswere

proparedbymixingatetramleaJldamoxidiZerinthe

V-typemixerorbymixhgthemwithabrush.AS-
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T8ble1 Tetrazoleused(abbreviationandpurity)

Tetra201es Abbreviation Purity(wt.%

)5-Amino-1H-tetraEOle HAT >

98.0DisodiumlH-tetra20le-5-carboxylicadd TC

A 97.2Dipotassiumbitetrazole

BHTK 99.5L且 ｣こ-こここ……-…三=4 == : :i_= =_=

Fig.1 Cross-Secdonotsmallscale

82isacomJnerdaI如 ium azidetypeoEgas-genera

tingagentaJlditspwdercomposidonaJIdpelletwerestJppliedfromNippoTI

KayahlCo..Ltd,2.I.2 1gniti叩 rnaterjalpb301aJldSiareoEreagentgradeandwereptu･

deAagTationtestapparattは(Unit:tEn)chas

edfmTnWakoPureChemiCalhdustries.Ltd‥An i

pi血gmaterialwaspreparedbymixingPb301(70wt.形)aJldSi(30wt.%

)carefunywithabrush.2.2 Appar8tL

JSFig.1sho耶 aCrO弘ISeCtionofasm山 8deKBy
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TLme(ns)Fig.2 Typicaltime-pressurecuryeinthedeflagrationoftheBHTK-KNO3COmpOSiti
onSample:6≠pelletofBHTK(51.5wt.形)-EN

O3(48.5wt･%)composidon.0･5glgmiter:0.

2gdeflagrationtestapparattlS.TheapparattlSCOnSist

Sofacylindricalclosedvessel(ca.13cdgcapacit

y)madeofstainlesssteelもttedwith electrodestowhich

aFlichromewire(0･2mndiameter.80m length)

asaheaterisattachedtofireanigmitingmateri

albyalleX･ploder(30V)andconnectedtoapre

sstLrerecordingsystem.An adjustablerelief

valveventsgastotheat･mosphereatadesirable

pressurefrom 750to1500psi(5･2-10･5MPa)to

protecttheapparattISfrom explosion.Thepressur

edeyelopedin thechamberbythedeぬgradonofthe

gas･genera血gagelltisdetectedwithatTanSducer

(TypeE50lfromKyowaElectromiclrLStrtmentCo..L

td.)inthetubdarlowerarTn(6TEEDinternaldi

ameter.34ロDLength).isamplifiedbyadhargeampli

fier(TypeDMp-611AfromKyowaElectronicInstrumentCo.,

Ltd.)andisrecordedonadigitalmemory(TypeDS-861

3fromlwatsuCo..Ltd.).2.3 TestprocedureO.5

gofasampleisintroducedinthechamberand0.I-0･4goftheignitingmaterialisthenplaced

onitsoastobeinsuLBdentcontactwiththeni

dhromewireheater.Thevesselisclo訳dandthefiringlead

sareconnectedtotheterminalsoEthedectrodes.The

sampleis thenignitedby opeTa血gthedynamoata

remoteplace.
Ti

me-presstqepro丘1岱bythedeAagra･Lionofgas-g

eneratingagentsinthedlamberapemeasured.

3. ResLJttSandDiscussion (tq書3JTLSS3Jdt

nTttt)PM000
043'l1.0.2 J).1 0 0.1 0.20xygeTIbbnce(由)

(S･ttn盲-)aspa

It

TuS3JdもqtutuTttA]弓M洲洲脚F

ig.3 Plotsofmaximum pressuredse andmak･imu

m rateofpresstqeriseagainstoxygeJ)bahnc
einthedeflagTationoftheBHTK-KNO3C

OmpOSidonSample:6≠pelletofBHTK-KNOB

COmpOSi･tion,0.5glpiter:0.2g3.1

Time･pressLJreCurveFig.2sbwsatypic

altime-presstwecuryeinthedeAagrationoftheBHTK(51.5wt.

%)-KNO3 (48･5wt.%)composition

.As shown inFig.2.wecallobtainthemi mumpressur erisea
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)Fig.4 Plotsofmaximtm prcsw eriseagainstamountoEsaJnpleinthedenagradono
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nSample:6≠pelletofthetetnzole-oXidiZerCOmpOSido
nlgniter:0.2

g TetraBOle(wt.タo/) 0滋dizer(wt.形

)A AS-8

2⑳ HAT/KCIO1 41.
3◆ HAT/KNO3 37.

5◇ TCA/KNO3 56.
6□ BHTK/KNO3 51･5
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e(I)Fig.5 Plotsofmaxinum rateofpressureriseagainstamountoEsampleinthedenaqa
tionofthetetrazole-拡idizercomposi

tionSample:6≠pelletofthetetra101e-oXidizercotnposi
tionlgniter:0.

2g Tetmzole(wt.%) 0Xidizer(wt

.形)△ A

S-82⑳ HAT/K
C101◆ HAT

/m O3◎ TCA/
ENO3□ BHTK/KN

O3rise aJtdthemaximtm rateofpressureris

ebydenagrationwitho町genbahceoftheBHTX-

ENO3compositi

ons.From Fig.3.wecan saythatthem拡i

muJnpresstwerisead themaximtm rateoEpr岱Sure

risebydenagrationshouldgivetheirmaximumvalue

satthecompositiongivingzerooxygenbahnce.
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A｢4CoTISequentlyweusedthetetra20le･oxidizer

com･psitionatヱerOOxygenbahceforthestandard

testherea

fter3.2.2 AmoLJntOfsa

mploFig.4andFig.5showtheeffectsoEtheam

ountoLa弘mpleonthemi mumpresstLrerisean

dthemaximtm rateofpressureriseinthedenagratio

nofKayakuGakkais帆 Vo1.55.No.3.1994



thetetra101el0Xidizercompositions.

As showrLinFig.4andFig.5,themaximum

preSSureriseislinearagairISttheanOtJJltOfasample
butthemaximumrateoEpressurerisehasatendency

(oincreaseinan飽rlyexponentialmannerwithanin･

creaseintheamouttoEasample.凱IggeStingtheeE･

EectsoEpressureontherateofpresstwerise.

Lnourreseard.chieflyweused0.5gofthesam-

pleforthestandardtest.

3.2.3 ArTIOUntOfignitingmaterial

Fig.6showStheeLLectsoftheamotntoftheig･

nitingmate血lonthemaximtnpreSSureriseandthe

maxiTnuJnrateOfpresstJreriseinthedeflagradonof

theBHTK(51.5vTt.,%)-KNO)(48･5wt･%)com-

position.AsshowninFig.6.wecmsaythatthe

amotmtoEtheipidngmatedalhasnorem血 bleeEI

EectsonthedeAagratio叩rOperdesofthetetra抑Ie-oX-

idizercompositions.

Consequentlyweused0.2goftheignitingmate血l

forthestandardtesthereafter.

3.2.4 Chorgodensityandsurfaceareaofsample

Table2ShowstheeffectsofsurfaceareasofBHTX

andKNO3powderSamplesonthedeぬgrationproper･
ties.

FromTable2.wecansaythatthesurfaceareasof

atetra101eandanoxidizerhaveremarkabledfectson

themaximumrateofpressuredse.

Fig.7showstheeffectsoEthesu血ceareasofthe

pelletsofBHTK(51.5wt.%)aJldKNO3(4815wt･'06)

compositiononthedeEh訂ationproperties.

FromFig.7wecansaythatthemaximtJnrateOf

presswerisebyde爪agrationhasarenarhbletenden･

cytoiJlCreiLSeLinearlywith anincreaseinthesurhce

areasOlthepeuets.

Fig.8showstheeffectsoEthedhargedensityof
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Fig.6 EtEectsofaJnOutOEipi血gmaterialonmax･
imum pressurerise aJldmaximum rateoE
pnssureriseinthedeAap donoHIHTK-
KNO3COmP Sidon
SaJnple:lotpelletofJlHTK(51･Swt･形)

-KNO)(48.5wt.形)015g
OMaximtJJnPressuredse
● MaximumrateoEpressureriBe

thesampleonthede爪aqationproperties.As shown

illFig.8.themaximumpressureriseandespecially

themaximumrateoEpressurerisehvearemarkab)e

tendencytodecrcABelinearlywithanincreaseimthe

chargedensityoEtheSample,

From theaboveresults.theeEEect30Esurface

areasoEatetrazoleaJldanoxidiヱerandtheeEEectsof

surfaceareaOEthecompositionandthechargedeIISity

oEthecompositionDntherateoEpre射uredsestlggeSt

thatatleastthedeLtagmtionrates8hodddependon
thesurEaCeareasoEatetrazoleandaJIOXidizeraJldthe

surfaceareaoLtheircompsition.

3.3 ApplicJbilityforthe8Creeniq test

Fig.9aJ)dFig.10ShowthecompadsonoEthe

deAap donpropertiesobtainedfromthesmallscale

T8ble2 EfEectsoEpatticlesizeofBHTKaJldENO】onmはimum pressurerise aJIdmはimum

rateoLpresstm dseinthede血gTationoftheBHTK-KNO3COmpOSition

Sample:BHTK(5l･5wt.タo')-KNO3(48.5vt.%),0.5g

lgniter:0.2g

GraJldarityoEBHTK GraJldadtyotXNO3 Pmax (dP/dt)m
ax(mesh) (meal) (kS/CJ) (ks

/cJ.8)100-200 loo-200

42.3 552200-300 200-3

00 50.3 1644>300 >300 53.
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Fig.
7Plotsofmaximt mpressuredseandrrLaLX･

imunIrateofpr邸ureriseagaJJutSurface
arcASOfpelIet8inthedefhgrationofthe
BHTf(-KN
O
3COmpOSition
SaJnple:6dZa≠pelletofBHTK(51.5wt.
クi)

-KN
O
3 (48･Svt･,i)composition.0

.5gPdethdght(EZB) Weight(g)S血 訂ea(EZn
0.97
l.9

52.
813.90

4.66
9.
66Igniter:0.2g 0.05 750.100.150.200.25

0.50 93110130114237dehgTationtestwith thoscobtai

nedfromthe1Ltanktests).whichisagoodandlarger

scaletesttoeyaluatetheddagrat)tonproperties

ofgas-generatirLgagentsEorairbagsystems.ASShowTl

inFig.9azldFig.10.thereare

goodrelationshipsirLthede爪agTa･tionpropertiesbe

tweentwotests.Therefore,wecaJISaythatthesmall

scaledeAagra･liontest8houldbeagoodweeningtestforeyalu

atingthedemap

tionpropertiesofthetetraLZOle-oxidizercompsilions

.4. ConclusionhordertoobtainsomeiJtEo

rTrLationonthedenagra･lionpropertiesofnew p9

･genera血gagents.wehavedeyisedthesmdlscale

denagradontest.hareexazninedinAuences

oftcs血gconditionsOTIthed曲 p donpTqertiesaJ

ldhavecomparedthe血taobtainedhmthesmallscale

denap tiontestwiththoseobtainET10mthe1Lt

anktest.whichisknomtobeagoodandhrgerscaletestforthegas-

generatingagents ofairbagSystems. 畑7550.5 1 1.5 2

bnsityofsaJTLPle(如 3) (S･t量aSy巴TL

SSd】oa)UtJmtqYePV州州W仰3Fig.8 PlotsoEmaximumpresSu
reriseandmax･imumrateofpresstqedBeagainstdensityoE

saJnpleinthedenap tionoEtheBHT
K-KNO3

COmP SidonSample:6m≠ pelletand powder
ofBHTK(51.5wt.Pi) -KNO 3

(48.5wt.形) c

omposition,0.5glpiter:0･2g

O MaxinunprcSSurerise●MaximurnrateoEpressurerise
lispowder
2
.
3
.

4aLnd5ispenetaLndtheirmoulding

prc5iSureis44.
2
,
88
.
4
.
132
.
6aJld176.8kg/cJ
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9Re lationshipinm血mumpressurerisebet･

ween1LtanktestaJ)
asmanscaledeh即a･
tiontestinthedeAaptionofthetetrazole-
OXidi zercompositions
SmallscaledeAa訂ationtest:
Sample:6≠orlotpeuet ofthetetrazole

-oxidizercompositiotI,
0
.
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lgniter:0.
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lL也止test:
Sample:6≠orlotpelletofthetetramle



加

脚

州

側

_㈱

珊

｡

,sy
短

鴇

絹

悶

鍍

ASJn+ ....''
.一一.′

一●............一.....''BHTKn
OlO3........{ ='

='O-.......''

TCAJKP}0 200 4仰

600 80D還

描 ㌍ h珊 山scdcFig.10 RelationshipinmaximuJnrate
Ofpr6Suredsebetween1Ltanktestands

mallscaledehgradontestinthedehgra
donofthetetnzolel0Xidizer

compsidonsSmallscaledena四
dontest:Samplel'6¢orlotpelletoEt

hetetrw le-oxidizercompsi
don,0.5glgni

ter:0.2glL

tanktest:Sample:6≠orlo≠pdJetofth

etetramle-oxidizercompos
ition,25glgniter･'Igniter(from Nippon Xayaku

Co.Ltd.)Astheresults.wecansaythatthes

nailscaledeElagrationtestshouldbeause血lscreeningtestfor evaluadngthede血gradoTlprOPerdeso

fnewgas-generat
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bbheddata新規ガス発生

剤に関する研究 (Ⅰ)テ トラゾール組成物の爆燃特性評価の

ための小型爆燃試験呉 建洲',新井 充暮,黍沢俊雄++

田村昌三●自動串エアバッグ用新規ガス発生剤の爆燃特性を評価するスク1)一

二･/グ試験法として小型爆燃試験装庇を武作し.この装匠を利用して,新規ガス発生剤

候補組成物の爆燃特性評価への適応性を調べた｡その結果,小型爆燃試験による評価結果

は現在その有効性がよく知られているlLタ./ク試毒如こよる評価結果と良い相関関係を持つこと

が明らかになった｡この結果より,小型爆燃試験はガス発生剤の爆燃特性を評価する有効なスク1)-ユング

釈放であると言える｡('東京大学工学部 〒113

文京区本細7-3-1対日本化薬卿 ヒエ晶林業部 T-100千代田区九ノ内1-

2-1)-




