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Thermalbehaviorof5･amino･1H･tetra2:OIe

- hfluenceoftheadditiveontheigmitability-

MiyakoAkiyosM,JunOoba',Kenjirolkeda'',andHidetsuguNakamura

AftJndamentalstudyonLgrtitabilityimprovementwasinvestigatedbytheadditionofvariousnle(aloxides

(MoO3,VlOs,WO3,TiO2,NiO,Ago,Ag20,BaO†)tothe5-amino-1H-tetoirazole(仙汀)Jr(NO,)2(SrN)

mixture,whichhasalreadybeenusedinpracticalapplicationasanoTt-aZidegasgenerant.

The1Owl.%addilionofMoO30rVl0.I,wasfound(olowertheignitiontemperatureCOmParedwiththatofthe

HAT-SrNbinarymixture(425℃);ignitiontemperaturewas195℃ byadditionofMoosand260℃ by

additionofV20与.ItwasclearlTlatthcscoxidesimprovedignilabi)ity,actLngnotaSanOX]Ldizingagentbutasa

catalysis.An oxidewithhighoxidizability,suchasAgo,doesnotalwayscontributetoimprovementofthe

iBnitabitity.

ThckineticsparameterofthedecompositionwasinvestigatedfortheHJUanditsmixturesbycarrylngoutof

isothermaldecoTnPOSition.TheadditionofMoo.10rV20schangedthera(eequationofthedeconlPOSitionfiorn

afirstOrderequationtoanautocatalyticone.TheseoxidesseemedtobeconcemedinvolvedinthecLeavage

reactionofthetetrazoleringbythesamecala]ystmechanism,thoughthemechanismwasnotclcaT.

Thedecompositionlcmpcralurcoftheoxidizingagentwasloweredbytheadditionofmostmetaloxidesused

imthisexperiment,andwasmostlowcrcdbyadditionoFV205IThereactivityofSrNwithHATwaspromoted

duetothedecompositiottofSrNattheLowertcmperaturc,whichmightexplaintheLower)gnitiontcrnpcraturc･

1.Introduction

AutomobilessoldinJapaTtarcgCnCTallyhavebccn

equippedwithajrbagsystemsforgreatersafetydrivingln

theeventofana∝ident.Anon-azidegasgenerantasa

substituteforsodiumazideinairbagsystemhasbccn

studied.FortlSeinthiscapacity,tetmzo]ederivativesu.

uIazole2㌦andazodicarbonamidc】),wcrcinvcstigatcdin

l九issludy･

5-Am ino-1H-tetrazo]C(heleaRcr,HAT)hasalready

beenusedinpracticalapplicationinamixlurCSystem

utilizingstrontl'umn]-trale(hcrcaRcr,SrN)ofnon-halogen

nitrate.TheHAT-SrNbiTtarymixturehasproblcmatical]y

lowthenllalreaclivityresultingjnbadjgnitabiLityand
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poorcombustionpcrformancc,thoughHArhasno

toxicityanditsmixturegeneratesagreatdealorgas

duringthe00mbustionreaction.Resolutionofthistroub一e

isexpectedfortheHATmixture.

Tnthispaper,afundamentalstudyon)gnitability

improvementbytheadditionofvariousmclaloxides

(Moo.,,Vl05,Woョ,TIO!,NiO,Ago,Ag20,BaOI)to

theH瓜 SrNmixturewascondtJCtCd.｢meoxideswere

consideredintermsoftheirabilityascatalystsforthe

oxidationreactionandoftheirdegreeofoxjdizabiLity.

2.Experiment

2.1Reagents

HArwasmadebylToyoChcmicaLCb.,Ltd.SrNofthe

oxidizingaBenLandvariousmetaloxides(V!0.I"Woュ,

TiO!,NiO,Ago,Ag!0.BaO!,)exccptforMoosWas

WakoPureChemicaltndl巧Iries,ud.NiOwasalso

synthesizedbythedecompositionofNiCO3inorderLO

prepareanon-stoichiomeLricNiO(hereaRer,actNiO).

MoosWasmadebyNipponSpecialChemicalCb.,Ltd.

Reagentsscreenedlounder63JEMweremixedforsixly
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minutesuslnBSplittablechopsticksonparchmentpaper.

Sevcra)kindsofsampleswe-ep-era-cdbymixing･Table

lshowsthcsc00mpu)tlOtlS･10wt･% ofametaloxide

wasaddedfortheliAトSrNstoichiomclriccomposition,

basedoncq･l･Thebinarymixturewithlhcmetaloxide

wasplcparcdsothattheweightratioofthetwo

compositionsbecameequaltotheirweightratiointhe

tertiarymixttJre.

14Sr(NO,)2+20CH3NS+nX

~14SrO+64N!+20CO!+30H:0+nX (1)

X=MoO3,V203,WO3,TiO2,NiO,Ago,Ag20.BaO2

2.2Apparatusandmethod

2.2.1Therrnaranalysis

ThcdiFrcTCntialthermalaJlalysis(hereaRcr.DTA)and

thegavlmetricanalysiswereearTicdoutuslngaRigaku

TTLCrmalAJlalyzernermoPILLS･TTIeSamPIe00ntaincr

wasana)uminaeel)arLdthesampleamountwas2mg.

TTlcsamplewasheatedtosoo℃ ataheatingrateof20

K/minunderAT.

Furthcr,lhcisoLhermaldecompositioncxpcrimcntwas

alsocarriedoutuslngaRigakuThermalAnalyzer

ThcrmoPLus.The2mgsamplcwashcatcdlo195℃ ata

heatingrateof100K/min.andwaskepta1195℃ for

scvcmlhours.Theweig]tlossofthesamptcovertime

wasmcasurcd,andanapp)icablcratecqLJationwas

invcstigatcd 斤om thehctionaldecomposition;the

n･ordcTreactionandallaL)tOmtalyticequation,ctc.

2.2.2Jgnitiontest

ThcignltlOntestWas Carriedouta∝ordingtothe

KruppmcLhodS〉･10mgofthesamp)epc-letwasputina

glassvesselwitha200mlcapacity･TheigniLiorLdelay

periodwasTTleaSured･1mecriterionofignitionwas

whetherthesampleignitedwithin30sccondsfromthe

timeitwasdroppedintolhcvcsscL.Theignitionresidue

wasanalyzedbyX-rayd引取actionuslngaRigaku

rotanexRU･200.

3.Resu一tsandDiscussion

3.1TbermalbehavioroftheHAT-SrNwithadding

themetaloxide

3.1.1Therma(analysis

FigureIshowstheresultsofthetbermatana)ys]'sof

(a)HJuland(b)itsbiJlarymixturewithSrN.meHAr

started tomeltat200℃ aJtdthendecomposed

Table1CompositionofSrN/HAT/Xmixlurcs

X=MoOユ,V!0与,WO3,TiO:,NiO.Ago,A基:0,BaO!
Composlt]on i weighLlatio(wt./wt/wt.)

srN/HAr

srN/HAr/X

HAr/X

srN/X

63.52/36.48

63.52/36.48/10.00

36.48/10.00

63.52/10.00

cxothermal)yoverawidetemperaturerange.

ForthemixturewithSr(NO,)Ioftheoxidizingagent,

slightdiWcrcncchapparenttherma)behaviorwasshown

compalCdwiththatoftheHAralone,thoughasharp

cxothermalpeakwasobservedatsoo℃.Theunreactive

Sr(NO,)～wasalsofoundtodecomposeat560℃.

Figure2showstheresultsOfthethermalanalysisof

variousHJqT･SrN-additivetertiaJYmixtLJPeS.lnlhcmixtLJre

lowhkhMootwasadded,theexothermicreactionwas

obscrvcdimmediatelyabelaveTySlightendolhcrmt'cpeakat

芝oo℃.whenV:050rWoュWasusedastheaddit]'vc,the

cxoLhcrm)'cpeakwascon爪rmedaRcrthemc)ting.Onthe

otherhand.1'ntheHAFSrNmt'xturcwithTTOtorNiO,lhcrc

wasonlyas)ightdifferenceinapparenttherma)behavior

comparedwithLha(oftheFuTISrNmixttJrCalonc.Itwas

intcrestlngtOnotethattheuseofActNI'Ocausean

cxolhcrm]'creacl]'onattheinI'tialslagc,I'ncontrastwithLhc
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resultinthereagcntgradeNt'0,asshowninFig.2(i).TTIe

mclaloxides(Ago,Ag:0,andBaO!),whichshowlarge

oxidizability,didnotalwaysaffecttheoxidation-reduction

intheJuT-SrNmixtureunderlhcmcasLJrCmetltCOndition

usedinLhcthermalanalysis.Aslt'ghlcxothermicpeakbefore

mc]lI'ngwasobservedonly]'ntheHAT･SIN-Agomixture.lt

wasexpectedthatthesI'zcof(becaIorL'EicvalueI'ntTle)'nL'tl.a)

reactionwasrcLatcdtothet'gni(abI'Lity.

3.1.2Burningratecharacteristics

FigLJrC3showstheplotsofthcminimLJmlgTtition

tcmperatuIeinvarioustertiarysystems･Theminimum

ignitiontcmperaturcwas425℃ intheHjq-SrNbinary

mixture.TheaddMonofMoO3Wasthemosteffectivefor

them)'n)'mumtgnL'tioTttemPCraLurcreduction.1¶e)'gnition

temperaturewasalsoloweredbyadditionofV2050rNiO.

Tntheothersystemsinvestigatedherein,thcrcwastto

additioneffectfortheignitiontcmperaLtJrereduction.

UsingWO30rAgoastheadditivedidnotleadtoignition

temperaturereduction,thoughancxothennicreaction

wasobservedintheinitialreactioninDTAcurvefor

thesesystems(Fig.2).similarly,notActNiObutNiO

was efrective foT )gnitL'on temperature reduction.

Therefore,tbctcndcncyoftheignitiontcmperalure

reductiondidnota)waysagreewithoneofthe

cxothermicpeaksintheinitia)rcactiotlinDTA.In

addition,theoxidizabilityoftheadditivessccmcdtoT10t

affecttheignitiontemperaturercductiotl.

Figure4showstTleresultsoftheX･raydi肘actionof

thecombustioTtreSiducforsixkindsofteTtiarymiXtureas

rep【escntativeexamples,'inthcsccases,theaddititives

wereMOOS,V20かWO3,NiO,ActNiO,andAgo,

lespectivcLy.FLJndamentalty,mostoftheadditivesusedin

thisexpcrLmeTttdI'dnotreactwiththeothers,andeach

finallyformedacompositeoxidewithSrO.

Howcvcr,lhcadditivessttowinghighoxidizability

actedasanoxidizingagcnlinthereaction,sothata

considelablcamountofurLreaCtiveSrNremainedas

representativeoftheresultoftheAgO mixture

(Fig.4(i)).ontheotherband,thedifhctionintensityof

SrNwassTnallintheHJqT･SrN-WO3mixture.Theaddition

ofWO)sccmedtopromotetheoxt'dation-reduct]'on

reaclionbetweenHJqlandSrN,SothaHhiswasthoLJght

locauseaninitialexolhermalrcaclioninDTAcurvefor

thetertiarymixture･Furlhcr,ilisinterestingthattheeffect

oflhcadditiveswasdifferentbetweenthercagentgrade

NiOandtheActNiO.UseofAcLNiOaL]owcdSrNofthe
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a)MoO3 ●Sr,MoO6,OSrMoO.,▽SrCO3,△Sr即03)2●A (d)NiO ANiO∇ ▽SrCO3,△Sr(NO3)2

)V205 ◆Sr6V20ll, (e)ActNiO VN
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/ deg. Cu-K aFig･4X-raydifhctionofthe00mbusl

ionresidueoxidizingagenttocontributemoreLothere

action,andActNiOalsodecom

posedtoNLFrom theseresults,theoxidationof

HArorthepromotionoftheoxidation-reductionbetw

eenHjqandSrNseemednottobeeffectivemethodinorder

to】cadtotheimprovementintheigni

tabjlity.3.2ln仙enceofthemetaloxideonthereactivityof

theHATFigure5showstheresultofthenermalartal

ysisofthebinaryH∬ miXturcstowhichvarjotJSmCLal

oxideswereadded.Tntremarkablecxothermicreactio

nafterthemcllingwasconfirmedintheinitialreac

(ionbytheadditionofMo030rV205.TTLCSeOXidcswere

thoughttopromoteLhcdecompositionofW .InHAト

WO.1binarymixture,the initialexothemic react

ion wasnotconrlrmedun一iketherestJItintheterti

arymixture(Fig.2(d)).wo3Wasthoughttoscldom

affectthedecomposILtonoftheHJq.Fromtheseresull

s,itmightbeeffectivetopromotethedccomposilionofH
Ju-forthelgllitabilityimprovcmcnt. Ontheotherhand,Agoadditiondid

notshowanIgnitiontemperaturereductioninspl'tcofth

ecxislenceoftheexothermicreactionbeforethemel

LingintheDTAcuTVeforthebinarymixture.Agor

cactcdwithHJqlnotasacatalystbutasaftOXidizinga

gentduetoitshighoxidizability.ThemalCriaL,which

causedtheoxidation･reductioTtTCaCtionwithHJV,docs

notalwayslower(heignitiontemperattJre.Further,the

isothermaldecompositionwascarriedoutinorderto

clari&theeffectoftheoxideadditionontheHArdec

omposition.Figure6Showsthehctionaldecomposilion

versustimecuⅣeduringtheisolhemalde00mposili

onatl95℃.Dataonseveralbinarymixturesisarrangeda

ssimplyaspossible,andthercsuLLoflhcHjtTaloncis

alsoshowTlforrcfercncc.Thef也ctionaldecomposition

wasderivedfromtheweightlossofthesamp)C.For

themixturesystemtowhichwasaddedtheoxides

howinghighoxidizabi]ily,lheisothermalexperlmenLwasno

tcxccutcd･TheformoElhecurveforthcmixtLJretOWh

ichMoO30rV20.iwereaddedwasclear)ydiffcrcTttthant

hatofHJulalonc･An applicablerateequationwasinve
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tetrazolering.ltwasindicatedthat(hctctrazo]erlngWas

madeunstablcbythatMo5lorMo小putledthe10ncpal一

ofIkeelectroIWithdrawinggroup･Vl'cxistsforV:0.5

consideringhmthisviewpoint.Cata一ysteffectofboth

oxidesmightbeLhcpromotionorthedeavageoftheN-N

bond(thedottedline(a)inFig.8).Moredetailed

iTIVeStigationresultsonthecala]ystmcchanisnlWillbe

reported.

3.3lnfluenceofthemetaloxideonthereactivityof

theSrN

Figure9shows(heresultsoftheLhcrmaLanalysisfor

variousSrN-metaloxideTTH'xturcs.TT]earrowinfigure

indicatesthetempcmturcatwhichweight)ossbegan;the

decompositionofSrNaloneisshowninFig.9(a).

.O
X
凹
I
I

V
l
.OPu凹

(a) 1524

O)) 14

00(C)

1372(d)

5721(e) 537

1㈹ 505

1(g) 1

45801) 4961

500｢0) 532l t0 200 400 600 $0

0Temper

ature/cc(a)Sr叩

03h,O))～0)SrPO3)2/XX-;O))
MoO3,(C)V205,(d)WO3,(e

)Tiq,(f)NiO,也)ActNiO,O

t)Ago,(i)A点20,0)BaO2Fig.9DTAcurvesforv;adousSrN･山em
eta一oxidemixtuI℃S hmixturesystemswiththe

oxidecxccptforWO.1,TiO2andBaO2,lhcdecompo

sitiontemperaturewasloweredthemostbyaddjlioTtOfV･L

O.S･Thedecompositionpromotionoftheoxidizingagent

waslhoughttoaffecttheLowenngoftheignitiontcm

pcrature.However,themateriat,whichgreatlypromotes

ttledecompositionofnottheoxidizingagcnLbuttheHJV

,asmentionedin3,2,wasgtJeSSedtomoregreatly

workforlhcignitiontemperaturereductionconsideringfromtheeffectfort

heJgnitabi)J'ty.Ontheothertland,theinitia)temper

attJTCOfde00mposilionroseslightlylittlebyaddition

ofWO30rTiO.I.Thesemetaloxidesmightinhibitth

edecompositionofthenjtrale,thoughthereasonthesligh
tlyraisedtcmpc†aturcintttesecaseswasnotc

lear.4.Conclusionslmp10VCmentOfignitabililyofthe5
･amirLO･IH･tetoimo]C(HAT)-stroTt血mnitra(e(S

rN)mixture,whichhasalreadybeerLuseaSanOn-aZidegas

gcncrant,byadditionofvariousmetaloxidetotheHJuT･SrNmixt

urewasinvestigated･The10wt.% additionofMo

os0rV:0510wercdtheJgnitiotttenlPeraturCCOmPaICd
withthatoftheH瓜 SrNbinarymixture;theignitiontcmp

craturewasloweredto225℃ byaddilionofMoO3and

to165℃ byadditionofV205･Itwasclearthattheseoxides

improvedignitability.OxidessuchasAgo,whichhas

ahighoxidizabi)ily,Causedtheoxidation-reductiott

reactionwithHAT,anddidnotalwayscontribu(etoimprov

cmenLofiBnitability.theoxidationofH∬ ort

hepromotionorortheoxidation-reductionbetweenHjiT

andSrNseemednottobeeffectivemethodinorderLoleadtotheimproveme

ntintheignitabiHLy.ForHAranditsnlixturc

swilhvariousoxides,expcnmentoftheisothermaldec

ompositionwascarriedoutaHheinitialtemperatureoft

hedc00mpositionofH瓜An auto瓜talyticequaljoncouldde

scribethereactioninlhemixtLJreWithMoO30rV:05,

Whcrcasafirstorderequationcoulddescribethercacli

onintheHATalone.AfirstorderequatioTtWasalsobest

suitedtothemixtureswithalladditivesexceptingM

oosandV20与.MoosandV:OsmightactoTlthedecomp

ositionofthetW byasimilarcatalyticmechanism.M

oosandV205Seemedtobeinvolvedinthectcavagereaction

ofthetctrazolcrlng,thoughthemechanismofinvo

Lvcmcntwasnotc)ear.OrttheotherhaTtd,thedecomp
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SrNwasloweredbytheadditionofmostmcta)oxidesin

thisexpcrlment.andparticularlybytheadditionofV205

inaumixtures.Decompositionpromotionoftheoxidizing

agentwasa)sothoughttoaqectthelowcnngofthe

lgTtitiontemperature.ThercactivityofSrNwithH∬ was

specutatcdtobeimprovedasaresultoftheoccurrettccof

l九ede00mpositionofSrNatthelowertemperature.
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5-アミノ-1H-テトラゾールの熟挙動

一着火性に及ぼす添加物の影響一

秋舌 美也子●,大場 頗●,池田 蝕治郎‥,中村 英国●

エアバッグ用ガス発生剤として既に実用化されている5-アミノlH-テ トラゾール (HJq)組成物に

関して.着火性改良を目的として種々の金属針 ヒ物 (Moo,,V,05,W0,,7102,NiO,Ago,Ag20,BaO,)が添

加された.添加虫は､HjtT-SrN2成分混合物に対して外割で 10wt.%とした｡

HAr-Sr(NO3)!混合物系の最低発火温度は,Mo03の添加によって 425℃から 195℃へ.V20iの添加に

よって 260℃まで低下した.これらの酎 ヒ物は酎 ヒ剤としてではなく,触媒として系に作用した.AgOのよ

うな高い酸化力を持つ酸化物は.最低発火温度の低下に必ずしも寄与するわけではないことが明らかと

なった｡

HArならびに金属酸化物との2成分混合物について等温分解を行い,分解の速度パラメータを検射し

た.分解反応は,発火温度の低下に寄与するMoO),V!Os添加系では自触媒反応の式に,HJU 単体ならびに

他の酸化物添加系では 1次反応の式に段もよく適合した.MoOl,VzOsは,HATの分解に対して同じ触媒作

用を持つことが推測された｡

一方,酎 ヒ剤であるsr(NOユ)の分解温度も種々の金属酸化物の添加によって低下する結果となり.vZ05

の添加効果が最も大きかった.より低い温度でSr(NOユ),が分解することで,HArとの反応性が促進される

と推測された｡

(一九州工菓大学 工学部 応用化学教室 〒804-8550北九州市戸畑区仙水町 l-1
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