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Reactivityofazodicarbomi dewithoxidizingagentmktures(1)

CombustionreactionofADCAIKBrO3mixtures

byMiyakoAKIYOSHI書,HirokiTANAKA●IHidetsuguNAKAMURA●
andYasutikeHAR人●

Azodicarbomi de(hereaAer,Am )iscxpecd tclbeanewpsBenerantforautomobileairbaB

systezR bthisreport,thecombusdonTd onofAK AwithaJl孤idizinsap tKBzO3WasiELVeト

tiptedbythermdanabsisaJldthemciLSurenentOftheheatorcolnbustioTI.thebumingtemperature

aJldthebumingrate.

nemixture&tastoichimetriccompositionofADCAandKBrO3Yiprouslydecomposedwith8n

exotheTTnjcreactioninthesaJTIetemperaturerePOT)aSth tforonlyAm neheatofcombtLSdon

ofanunitweightofthemixturehdamaximumyalueatthestoichiometdccomposition,whilethator

anunitweight0rLheADCAbecameshiftedtheirmaximumvalueatslightlypossitiveoxygenball

aJICedのnPOSitjon.

nebumiqratehdamはimtJn YaJtw&tASlighdypositiyesystemortheoxyp bdaJICe.Under

pressudzedconditions,theVieiue'seqtntionwoddbemostapplicableforthepressuredepcndeTICeOr

thebuTTLiJlgrate.Under&lmosphericpressure,thebumingratebecamerena血blysmdlandthe

tendenqwasCOn叫 tOtheVieille-seqtLation.

1.JntroducUon

RecentJy,mayofautOmObilessoldinJaPaJlhavebeen

equippedwithaJIai血gsysbmrorSaferddyinBSodium

はde(NaN3)ispresendy収 dasthem■incomponentof

thegasPnentOrOfthesystem,whichomersahighther-

maJstabnityandevolvesAl町野8mOtLntOfhJTnlcssg恥

upondecomposidot),buthsatreatmentproblem,such

thatithasahightoxicityl〉andproducesahighlyserLSi-

dveaAd叩 lodvesubstaJICe2㌧ saproductwheniACOn-

tactwithheavymetd.Anewgas伊ner&nthstNtende･

siredasasubstittlteforN&N3･Asfornon･aRidesas

generants.tetorazolededvatiyes3㌧anuraZ01C4),an

azodicaqbo血 deS)(hereafterAJXA)wdmetal com-

plexesofcarbohydraZideH ).etc･,aretheobjectsofthe
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study.

Inthisreport,inordertoinyestigatethepossibilityof

pract血lApplicationtothegasGenerator,thecomblJStion

reactionorADCAwithhighreaciivepotassium brom叫

(KBrO3)astheoxidizingaBentWasitlVeStiptedbylher･

mdamlysisaJIdthemeastm entoftheheatOrCOmbus･

lion,thebtmingtemperattm 弧dthebuminsrate.

2.Expedment

2.1Ro喝Ont

Am ∫bmtheO血 ChemicalCo.,Ltd.wasdded

atroomtemperatureunderreducedprcsstmforoneWeek.

TheKBrO30ftheoxidizinga酢ntWasW止oPtJreChemi -

calreagCntPde.Re&gentsscTd totnder75LLmWeZC

mixedtJSingtheldeV-Ⅰmixer.Sixkindsofsamp)eswere

prcpAredbymixingwhichincludedastoichiometriccom-

posidon,threep戚dveandtwonePtivecoTnPOd血nswith

respecttotheoxyBenbahncebasedoneq.(1).TableI

showsthesecompositions.

3C2HIN402+4KBTO3･

-4KBr+6N2+6CO2+6H20

- JJ〃-

(1)
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Table1Compositionofmixtures

Molar Molecular Weight OxyBenbdan
ceratio rractiotl fraction (g

/lOOg)3′2 0.600/0.400 0.ilo/0.

490 -14.13′3 0.500′0.500 0.4

10′0.590 -5.73/4 0.429′0.571

0.343/0.657 0.03′5 0.375/0.

625 0.?94/0.706 +4.13/6 0.33

3′0.667 0.258′0.742 +7.13′9 0.250′0.750 0.188/0.812

+12.92.2ApparatusandmethodThedifrerentiatthermal

analysisandthethermogravITrL･etrywascarriedout

usingaRigaktlTAS-200ThermalAnalyzer･Thesamplecel

lwasahermeticallysealedalu･minumcmdblewhichhd

pinholesinthecenteroritscap･nesampleamountwit

s3mgandthesamplewasheatedto800℃atah

eatingrateof20℃/min.underAr･¶lCheatorthcreactioT

IWasmeasuredtJSingaShimadZuCA-4TypeAutomati

cBombcalorimeterunderAr°Theinnuenceortheamb]'ent

pressureonthemeasurementval･ueswasinvestigatedatthreediLrerentpressures

intheraTIPorO.1MPato2.1MPa.Themeasurementof

thebumingratewascardedolltinsideaTlauloclaveinthe

rangeofO.I104.1MPatJnderAr.Thesamplewasloa

dedat0.750fthepackingfrac･tioninthealuminum t

utK(67nminsidediameter,15mJnoutsidediameter,3

0mmlcngdl).ThebumingratewasdetermiTledbythetimethatwasTLCededfortheco

mbs-tionwavetoproceed10mm.TTlebumingtempera

turewasalsomeasuredtuingtheszLmePackingfractionan

dtubediameterfarthemeasure･mentconditionsofthe

bumingrate.'mept-Pt/Rh(13%)thermocouplewitha0.2m

mdiameterwasdirectlyinsertedorbyprotec血gthethe

rmocotIPlewithaninsuhtiontubeintothebumingtu

be.Tbethermo∽uplewasconnectedtoa

Yoko伊 WahokusinAm IyzinsRecorder･¶lettSidueorthe

combustionwasanalyzedbyX-raydiEhctiotlusingaRi伊kurota爪exR

U-200.3.Rosultsandd

iscussion3.1TherrnalanalysisFig.1shwstheresdt

softhethemlaIATlalysisofADCA,KBrO38ndthemixture

atastoichiometriccompositionbasedoneq.(1).

TheADCAstartedtodecomposeat200℃aJldvigrously

dccomposedwithAexothermicsbrppeakat220℃.n

eendothemi cpeakaccompaniedbytheweightlossaftertheexothennicdc compositionmighl

u
J

D
t1一

OXO

ーJJV-1一･｣1qJ

Jt)一一OPuO100 20
0 300 400でemp

erature toe)(1IADCA, (21RBrO3
(3)ADCA/X Zir03 と3/4

500 (I)SSOT一qbT小b400230Fig.1DTAandTGcurvesofAD

CA,KBrO3andtheirmixturebeattributedtothedec

ompositionortheevaporationorthedecompositionpr

oductat200℃.Ontheotherhand,KBrO3decomposedl

oKBraTldoxygenwithcxothermicreactionof59･96kJ/mol

107･KBrO3WaSPOStuhted･tostartdecompositionassoona

sitmeltedat370℃L]),basedonthecndothermicTXnkacc

ompaniedbytheweightloss.Thefinalweightlosswas

28.2%.whichwasconsistentwiththecalculatedvalue

(28.7%).Thedecompositiontem-peratureortheADCA

/KBrO3SystemWasCOnSistentwiththatoftheADCA,whil

etheendotheTmicpeakafterthecxotheTTniconedisappcarc
dduetotheyigorotJSreaction.'n旭endothermicand

exothermicreacdonsaroutld400℃mightbethedecompos

itionofanyunreactedoxidizingagcnL刀lehalweight

tossWas59.5%.whichwasincon･sisteTltwiththecalculat

edonebasedoncq.(I)(53.2%).ThiswasthoughttobeAt

tdbutedtothescatteringorthesampleduetothevigorousreaction

at200℃.3.2HeatolreactionFig･2showtheresults

oftheheatofreactionpergramofmixtureand

ofADCA.neheatorreactionper卵mofthemixtWehadatn

aximumvalueatastoichiomctriccomposidonatallpress

tm s.OntheotherhaJld,thehealKayakuGakkais
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0.2 0.3 0.4 0.5 0.6molfractionof

ADCA(1)kJ/mixtures, (2)kJ/ADCAPressure (HP

a)I○;0.1.0;1.1.●;2.1Fig･2HealofcombtJSt

ionofADCA-KJlrO3mixturesofreactionper卵mOf

ADCAlladam弧imumvaluefor0.333molofADCA(+4.1

oftheoxygenb818nCe).At1.1MPa,therewaslittlecompo

血iondependenceforlessthan0.429molADCA.Consequentl

y,theADCAwaspostdatedtosdrICientlyrcactwithKBrO3

ataPO貞tiveoxy野nbalaJICe.mereWas

litdeinfltbenCeOftheaJnbientpressureontheheat

ort%ctioTLButtheremaybealittletendetlCymittheheatof

reactionbcwmcslightlylargerasthepressuredse.3･3B

umlngrateFig.3showsthecompositiondependetlCeO

TIthebum･ingrateatthreedifferentambieTltPressure

s(0.I.1.I,3.1).n etendencyobtainedatatzn

osphedcpressurewasremarhblydifferentfromtheonestmder

morepressur-izedcotldidoTu.AtAtm00phericptlESSur

e,thecombl娼tionwasinterruptedintheexcessADCAsys

tcn.TMsmightbeinpartattributedtothesmarllheatof

reactioninthissystemasseeninFig.

3.For1.1MPaand3.IMPa,thebuminsratehada

maximumvalueataslightlypositiveoxygeTlbalance,whichisconsistentlwith

thetendetlCyOftheheatofreactionpergramofADCA

Fis.
4showsthep柁SSu redqpendenceonthebtlmins

rateatthestoic hiometdccomposidon.
Themeasuzuent
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a一eJbuTuZn由 50.2 0.3 0.4 0.5 0.6Mol fracti

onofADCA

Pr

essure (MPa):(= 0.1. (2)1.1. (3)3.1Fig･3Bumi

ngrateofADCA-KBrO3mixtutes0.1 1Pre

ssure tHPa)Fig.4Bumi喝rateCharactedsticatastoichiom

etriccom-positiotlⅦltLealatmosphe血pre

ssuFeWasCOntTq tOthctendenqes血 atedusingVieil

le●sequation(V-aP A). tlascdonthelineobtainedinFig.4

,thepressurepowerWasequalto0.312atLdtheconstant

(a)was25.5mm/S.Furthermore,thebumingtemperattlreWasme



(5) (4 ) (31(2)日)
でime
Molf ractionofADCA:(1I0. 25′

(2)
0.333. (310.375.(4)0.429′ (

5)0.5Fig.5Combusti

ontemperatureorADCA-KBrO3mix-tt)res000

Ju.)00

00008′04aZn一t2JOduo一6uTUJrtq 0.2 0.3

0.4 0.5MolfractionofADCA 0.6tl)FlaTTt

eboundaryzone12IFlameZiOneFig.eBumingt

emperatureofADCAIKBrO3mixluresmosphericpresstue

.TheburnitIgtemperaturestartedtorisewitht

heap･p10aChorthecombustioTIWave.neteTnperature

Versestimecurvehasaninnectjonpoint,whichdenoted

theboundarytemperaturebctweenthereactionzotw&n

dthepreheatzone.nemaximumtemperaturea爪erpasSlng

the脱ぐtionzonemeantthetemperatureiTIthe爪aJ

neZonewhichoccurredatthebackofthecombustioTIⅦVefront.
Fig.

6showsthecompoddondepen
denceoftheboundary

temperatureaTldthe爪aznetemp erattLre.
ne boundary
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Fig.
7Temperaturepror]leforthecombustionorADCA一
KBT
O
3mixturealvarioustemperature

temperaturedifrerdbeforeand血rasloichiometriccom･
posltlOnandthetemperatureinexcesssystemoroxidiz-
ingageTItWaslらo℃higherthninthederICienlSystem.
Ontheotherhand,t
henametemperatuJtincreasedasttlc

ratioofADCAincreased.
lnthesystemwithexcess

ADCA
,
thecombtJStiblepscsseneraledbytheiTISurrII

cientreactionwithKBrO3WasConsideredtobuminthe

gasphase.
netendencyofthecompositionde搾れdence

ofthebumiASrate,aSShwninFig.
2
.w
asconsistentwith

thatnotfortheboun血rytempemturebutforthename

one.
Howeverthenametemperaturehadamaximum

Ⅶlueataslightexcessoroxidizingagent(ADCA/KBtO3

-3/5(mol/mol))andthiscompositiondifferedfromdlat

attheTnaXimumbuminlrate.
Secondly,t
hepressuredcpendenccoftheburningtem･

peraturewasinvestigatedwithinthemeasurablepressure

range.
Namely,at
heTTn∝Ouplebrokeintwoathightem･
peratureinthehighpressureregion.
AIso,atmorethn

3
･
1MPa,t
hebumiqtemperaturewaspostulatedLOin-
creaseover2200℃.w
hichisthemellinspointoralumina
insdatorofthedtermoのup
le.
Fig.
7showsthetempera-
tu托prO触forthecombtJStionortheADCA-KBr
O
3mix-
turewidlaStOichiometJiccomposidonatvadotJSpressures.
IncideTI tally ,as

fortheiduetlCeOftheinstllationtubeo



nebumingtemperatureatatmosphedcpresstmwas

remarhblylowandthiscorrespondedtothebumingrate

tendencyinFig.4.IntheX･raydjLrractionofthecom-

bustioTlresidue,thedifrracdonpattemofKBrwascon･

firmedatallptcssures.Conseqtletltly,thereishttJepcGSl-

bilityofthedifrermccintheproductoracbngeinthe

f也ctionalreacdon.Asforthis,thehealofreactionofan

unittimeissmallunderlowpressureconditions.though

theambientpressureexertshardlyaninnuenceontheheat
ofreaction(Fig.2).Furthermore,therateordifrusionof

thecombustiblegasgeneratedinthecondensationphase

isfasterthanunderhighbnssurizedconditions,Sothat

thereactionZoneOfthegasphasebecomeslongandthe

feedbackofheatfroTnthegasphasetothecombustion

wavefrontbecomessma1112㌧tnderlowpressurecondi･

Lions.neTeforc,thebumingtemperattmwases血 姐ted

totxlowatatmosphericpressure･.
4.Condusion

ThccombustioTIreactionofAzodicarbomamide

(Am )withKBtO3WasinvesdptedbythermalaJlaJy･

sisat)dthemeasurementoftheheatofcombustion,ttle

burningtemperature,andthebwmingrate.

Asforthemixtureatastoi血iometriccomposidon.the

decompositionteTnperatureWasCOnSistctllwiththatof

onlyADCA,whitethereactioTIWasmoreⅥgOrOuSthanit

alone.

neheatofcombustionpcr卵mOfthemixtureandof

theADCA,hadam弧imⅦnvalueatastoi血iometriccom･

positionandatas溢ghdypositiveoxysenbalance.The

tendenqofthebumingrateisconsistentwiththatforthe

heatorcombustionperpanOfADCA.

Un血rpressurizd cotlditions,thebmi nstenpetBttm

increasedwithanincreaBeinthepressureaTIdagrcedwith

theVieille.Sequation.However,underatmosphericcon-

dido瓜.thebumingratedidnotfollowtheVieille'sequa-

tionandwasrenah blylow.
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アゾジカルボンアミドー硬化剤混合系の反応性(第1報)

臭乗鞍カリウム混合系の燃焼反応

秋吉美也子書,田中博樹書,中村英嗣書.原 索教書

自動車用エアバッグのガス発生剤として,アゾジカルボンアミドを取り上げ,その性能を

評価する目的で,酸化剤である臭素酸カリウムとの混合物の熟分帆 燃焼熱.燃焼温度や燃

焼速度を測定して考察した｡

丑飴混合物の発熱分解はADCA単体の場合と同じ温度缶域で起こるが.その分解は単体の

場合より激しくなる｡

混合物の単位盤丑当たりの燃焼熱は魚島組成で最大値を示すがADCA当たりでは酸化剤過

剰系で大きくなる｡

燃焼速度は少し酸化剤過剰系で最大伍を示す｡加圧下での燃焼速度は圧力と共に増加し

て,Vielle式に良く適合するが.常圧下では燃焼温度が低く.燃焼速度は著しく小さくなっ

て,Viclleの式のプロットからはずれる｡

('九州工業大学応用化学敦童 〒804-8550北九州市戸畑区仙水町1-1)
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