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I cardohy･drhdde(he血賦 cDh)'品血は'mp'I'ex品̀i,zc血謎&dtldde'a-n由二gasgen品n'ttotahtd∴'t､1,.･
hlObi)eaitb梅.-lnthisf赫 rt,theと血 b血i'on''reactj血ofth占Mg'ibhp]ex輔thoiidiZihsagehptP払 岳′､I

itTVCStigatedbythehTIalatlalysisitldth'ehc机 托meh10rheheat;oflCOmbustion,thebumi砲tem･-;

peratureand･thebumin岳Tate.(neo泊didngagent;'potasdlml･Peゆlolale(KCIO),ptasdtm.･br〇･
mate(KBrO3),POtaSSiunTlitrate(KNOB)andstrontiumnitrateI(Sr(NO3)2),.It ,,j!IEH
FortheMgcomp)ex/KJlrO8mixtu-egStem,theini血ltemperatureoftheexothermicpeakinthe
thernala岨lysiswasthelowestwiththemostyisorotISreactionoranyg stematIdthebumingrate

hdamaximtLmValue･Wh enusingKOO.OrKBrOJaStheoxidizingagent,theheatorcombustioT),
thebumingtemperatureandtheburningratehadamaximumatastoichiometriccompositionlneqS.

(1)or(2),respectively･Ontheotherhand,ro√themixing呼StemwithSr(Nq)2,adiWermttendency

wzLSfotndexceptrorthebumingtempcTabre･Furthermore,whenusingKNOB,itwasnotpossibleto
bumbythecombustionmethodusedinthisstudy.

1.1ntroduction

ReceTIdy,au107nObilessoldinJapnhvebeenequipped

withanairbassystemforsaferdriying･NaN3Presently

usedasthemaincomponentofthegasseTleratOr,Which

ofrcrshighthemaIstabi)ityandwhichevolvesalarge

amotlntOfharmlessgasupondecompositioTI,bllthasa

treatmentProblem.llhsahightoxicitynaTIdproducts

high･sensitivityandexp)osive2'whenincontactwitha

heavymetal.AflewgasBeneranthasbeendesiredasa

stJbstituteforNaN3･Asforthenon･aZidegasgenerant,
tetra20lederivatives3㌧uramle41aTlda20dicarboamideB)

weretheobjectsofthestudy.Theauthorsevaluated
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carbohydraZjde(hereafter,CDH),whichiscomposedof
fourmitrogenatoms,acarbonatomaTIdanoxygenAtom,
andisexpectedtobeoneofthenewgas野 meratOrS.

lnpreviousreportsト 8),inordertoinvesti伊tethepos･
sibilityofthepracticalapplicationorCDH,vadousCDH

metalcomplexesweresynthesizedandlhcirthermalde･

ComPOSidonbehaviorinyestiptcd.

lnthisreport,thecombl血onreactionrortheMgcom-

plexnitrate(Mg(CDH)3(NOB)2)withoxidizingagent,
potassiumperchlolate(KC10.),potassiumbromat'e

(KBrO3),potassiumnilrale(KNO,)andstrontiumni-

trate(Sr(NO3)2),Wasinv%tigatedbythermdaJtalysisand
themeasurementoftheheatofthecombustion,thebum･

ingtemperatureandthebumingratc･

2.Experiment

2.1Rea9entS

TheMscomplexwassynthcsiZedbyaprcyiouslyre-
portedmethods)･TheoxidizingaSentwasWakopure

chemicalreagentFade･ReagenlSScreenedlounder75LLm

weremixedtwinstheIrieV-1mixer･Fivekindsorsamples

werepreparedbymi血g:astoichiometriccomposidonand
twoCOmPOSilionseachorpositiveandTlegativeoxygen
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Table1ComI5'osiliohs'ormiitures

:○xidizinga8entmOl/mOl wt/wt oxygenbaluice(g/loo

s)` KtlO. 4/5 70.7/29.3

-5.384/6Ji66.8/33
.2 -2.53.''4/7.63.3
/36:●7 0.-T4′8

60.2′39.8 2.284′

9 57.3′42.7 4.39IKBrO3

3′5 60.0/40.0 -4.55

3/6 55.6/44.J
4 -2.ll3′7 51.8/

48.2 03/8 .48.5

′51.6 I.883/9 45.5/54.

5 3.49ー叩0? 早/ー_I_チ__59.

7/40.3 0Sr(NPa)2

5′5 66.4/33.6 -5.075/i

62.2′37.8 -2T385′7∴● '-̀掛声/'41r:4.''-q'

5/8一 II55..3/44.7 2.lli/9,. 5号.3/47.7 ･_4.01balancebasedoneqs.(1)～(4).Table1showsthesecom

･BosidotLS･Asforthemixing町StCmwithKNO.,therestis-i

.omittedduetonocoTnb血on.'4Mg(CD

H)3(NO,)2+7KCI0.-4MP+28

N2+12CO2+7KCl+36H204
Mg(CDH).(NOS)2+7KBrP9.1

-3MgO+21N2+9CO2+7KBr+27H204M

B(CDH)3(MOS)2+14KNO3,.-5M

gO+7N2+15CO2+7K20+45H204hdg

(cDn)8(NO,)2+7ir(NOB),-SMgO+42N2+15CO2+7SrO+45H20 lionshowedt

halthe]iTlearbumingrateinthepackin貞;､ Ifractionrangeof0.65to0.70becameSmallasthepack-

ingfractionwasIarBe･Whiletheweightbumingratew

aヲindependentofit･JuSO,thebumingrale･badamaximu

mvaIuF,Whenthediameteroftheburningtubewas6mm

･Consequentlythesamplewasloadeda10･60fthepack

-ingTractionina6mmIID.al叩inuntt)be･Thepressure

dependetlCeWasmeasuredinthepressurerangeorO･1to4.IMpgaTldtheinnueTICeOfthecompositioT10nthebum･

lngratehasinvestigatedatl･1MPa･ThebumingratF

Iwasdetenninedbythetimethat

wasneededforthecom-bustionんavetoproceed10mm.

IThcburningtemperatureWasalsomeasuredusingthe:1

1甲mePackingfractionandtubediameterforthemeas叫-TnentOfthebuminsrate･AW/RetherTnOCOuple,orO･25､:l/
T

nmdia如甲,Was.V.erd_calliinse血dintothebumiTlgi.ubtIagainstthecombustiondirectionandwascotIT

IeCledto?:■YokdgvahokusinnAnalyZingRecorder･ `

lThe60mbustionresidtuwas&血

lyzcdbyX-raydifhi-11io

nLSlT7glaRi由叫甲taneX'RU-200∴3.FbsLJlts'ahddlscussion■ヽ

-3･1,ThBrrnalaTlaLysis

Fig.1showstheresultsofthetherTnaJanalysisfort

heMgcomplexandthtsbchiometricmixtt)rBbasedorleqS

.(l)～(4)intheMgco'ppl無/oxidiZhiかaSent:mixlTreII●J-..=･, l､
.∫(1) SySlem･nCMgJCOmplexgndudyQeco,mpoiedsoonaf-

1ermeltiT)gaì220℃ahd_thefitlaldeco赫 s

itibnresidue(2) WaSM軋As申Ttb,eM等P･mPlex,thcthennald甲'?㍗
Sitionbehaviorhcludidgthegase

vohJtionratewasre･(3) pOrtCdpreviouslybytheauthor

s… ･IntheMgcomplex/KBrO8mixttlre:System.thede-(4
) COmPOSitionvigorouslyprogressedatlらo℃arterasmallendothemlic･peak.The･imitia

ltemperatureof･thedecom･2･2Apparz?tusandmetho
dIThermalaJ)aIysiswascarriedoutびingaRigakuTAS-

200.TheTTnaIAnalyzer.nesamplecotltainerwasanO

penaluminacellよndthesample.ampuntwasthreemg.T

hesamplew甲heated･!?800℃atAheatiTLgrateOf20℃/min
.underAL･TbheatofthereactionwasTneaSu

redusingaShimadzuCA-4Type叫tomaticBomb'血odmeterun-derATgOn.Theresultsoftheinvestiptlonattheambien

tpressureshowedtheyrdatioTIOrmeaStLr印Ien

tYaluesもf3%to4%intheprw raJ)geO∫l.1MPalo3.1MPa

_AIso,therewasnocombustionall0.1MPa.The
refore,themeasurementWasCarriedotJtatthe1.I

MPa.nemeasurementofthe･bumingTale-WasCardedout

tnderthefollowlngCOTIditions.･ApreliminarylnVeStjga-

Psitionwasthelowestofallthesystems.The.endother-

TmCPeakwasconsideredtoappearatthelowertempera･･

lurethanthatofthecomplexbecauseoftheeutect

ic.印嘘meltingpointorKBrO,is350℃9))nedecomposit

ionresiduewasM〆)andKBr.nermalweight1岱SWas95%,

whichwasinconsistentwiththetheoreticalⅥllt)e,60%.Thjsmighltutattributedtoscattedngofthesampledue

totherigorousdecomposition.Inthemixturesystemwiththeotheroxidi血gagents,therewaslittledis血ctjoncoTn

-paredwiththecott)Flexonly.Consequendy,thereactionwasassⅧmedtoquietlyprogress,eveniritocctlrred..ne

weightlosswas70%forthesesystems.Thesearenearlyconsi

stentwiththetheoredcalvaluecalculaledbyeqs.(1),(3)aTtd(4)(75%)･lTlthecaseorSr(NOB)2aSth
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I I'･i.…持hc三言2' '5'霊 濡 ;732'lFig.1DTAandTGcuryesorMiib'hpl㌫And
mixtu'csI,.･('J

[ingagent,theendolhennic･peAk.appeaTd･atAbout

600℃,whichwaspostdatedtood由tnteinthedecomposid

onorum cdyeSr(NOS)2･Sr(NOi)2d∝onposesA1
570℃withanetldothermicreact

ion).0).3.2HeatofreaCtionr
Fig.2showsth eresultsoftheheatorreactionmeasure
d

underAr･
WithKCIO4姐dKBr
O
}astheoxidizingaget
l

t･ilhadamiLXimtmyaluC&Ithestoichiometdccompc61-
1ion.
Fortheformer.t

hehctionalreactionmayyary

widely,
dependinglenthecompo貞tion,
basedonthelarge

compositjoTldepende nceAS Seeni
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当 寺芋盟 丁当 gi:,/.7,.,.," /,◆,'
M90' △''SrPO3'▲ ､●'iSrO'0;S
Hで037之,. 0;SrtOH)2●JI20IL.I1'皇 ･ .

_ . 1.円9･4XRDpat坪 br桓iduelo叩即｡mPlex/

ir(NOs)2rhixtures■一creiiidino血rortheKN
O.,‥sr'MO3)去.KBrO;andII

㌔ ● I.耳PO. ISys

tem;-6･594TA/661･!kJ/&∴.KBrO8 .System

:;-5･561I.A/808･3kJ/&I.KN0,..｣S

呼甲.I-4･.961｢4/714･9kJ/且,Sr(NO.)2..System;-5･
33
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678.日JIUnJHL■hHHLKClq.Andthis'tendencywぬcotL
SistentwiththatOrthecalouICAmOtntataStdichi

om血it'conpositjomlnthemixttlre印加 nwithKNO),TIOC

OmhsdoTlbutoTLlymelt･ingmightomrinthe血cityoftheftMdue10thelack

ofacalorjlicamotLnt.Inlhemixturesystemwith

Sr(NO})2.theca]○rificamounthadanaximtmvalue

ataneptiyeoxy酢nballanceandthtⅦhledecreased8Sth

eratioortheoxidiZinsagentincreased.Thoughthe'd

ecompositionofonlythecomplexisanexothermic:TYaCtion

asshowninFie.1,thecalouICAmOuntOrthereaction

itlthemixttmsysteTnisthught10beiduencedbythe

decompbdtio710rtheoxi･di血gageTIt･Sr(NOB)2decompo

sestonitroBenandoxy･BenWiththeendothemticreactionof305:6kJ/mol(I822

I/g
)二･

(sJuu)〇一eJbtzTtJ3Eq 5 6 7 8 9
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5.Pressure tMPal･(1L)coop.

les/XCIO4; -苧ま,4/7‡封 :: 忠 ;,8,r･t:2.:.描Fig.6Btmlinsratecharacteristicsofstoichiometd

cmix･ttJreSI .l ( ノ′

I'LTabler2constanis}ふtbu.Li'L'8品tc ′'Co甲pqS

itiOn ･ノ..a,一 P,.Mg,complex/KC10. .-4′7 ;1.514i:1

0.279Mg,complex/KBr0 -3/7 ･芦,lqO1..i_,.0.562 0,292,3.叩8-9qmplex/Sr(NP.)2戸.5/7.L ?.=甲6,

1ノ

lFigこ6sh㌫ 'th韓ztshztdependentidfth'ebdThh丘hteforistoichiom占'thtbmpositjon二Table2血蔽th盲1co血
･Slantaridthepressurepowercsthiited'滅tl貞Ⅵeille.

i'由ua･lion(V-aPA).nepressurepowerint船場 tFoihi]e'x

/Sr(NOB);systembecamhn血allylarieこFortheleiped･】me

ntalpressuT℃,thebumingrate､心ascongi由ntdth'theはndency

sehinFig.5.3.4BLJmingtemper

atureFig.7s

howsth'eleSdtsorthebuminstempcrature･Inallca

ses;theb山mingtemperaturehadthesaTnetendencyasth

atofthebumingrate.Consequently,theriseintem･peratureorthesystemwasthoughttobedT)eOfthefac･

torsthatinhenccdthebumin

grate.4.Conclusi

onThecoTnbtwtioTlreactio noftheCDHcom
plexofMgwithyariousoxidizingagentswashves

ti由tedbythermalanalysisandthemeasureThentortheheatofcombus

血n,thebmingtcmperattLreandthebumingrate.lnthecase 0000

2

0i-.1‖ozTt一eZOdu)aL 5 6 7'.:xtmol

) 8 9Xandtlト (3)arethe｣.8am9由i thoz相 in

Fig.2[← JJ･:Fig.7}Bumihs･temperatureofmixlur

ci･く｣J 1_.Yヽofthedecompositionataslow hca.tingrate.stickasther-l▲

imalanalysis,theini血)temperatu甲がthe.exoJh,
qTPfqpeakfortht､MBCOTdplex･/KBrO3hixrlureiyst血血

hhelow･estwiththentost･中軸rovs･巧atti砧syitem. 工 t '･r一ヽ
lL.tL: .ゝ いTbcheatofieactionintreasedi
ntheorderorSr'(NP.)2,/I.l･l･

I!',I.KB.0,andKCIO:withtheiam'eiin'd
競仰ecaliu-)atedvalue.lthdamaximumvaluealastoichiom

etriccomp?sitiやp.緊CePtf?rth.e,Tnix,tyワ卿 withS
r(N,Pi)2･∫∫FortheMgcomplex/Sr(NO3)2System,th

eheatorrcac･tio止血 e7IdrBe砧'theiadoJotoiidi表iig噛ntd
ehe益sd.ITTLeb血i砧ratihida

m血 vdu由tthestoidhim血ccompositioniT)Lallsystemsc

3LCeptrotthehixturesystとmwithSr(NO3),.JntheMgcoT
nPlex/Sr(NO,)薄 x㍍resyst甲 ,tわe印叩PSitio?d甲甲deT!??.,)早手叩

aller-than.thatintheothersystqnsaTld.!h早pr甲印
TPdepPnや叩C.Waslargerthatlth糾in.theother町StemS.l

The.bpmingtcmperalurewa5COtWistentwiththeten-detlqOfthebumingrate.lt

ispostulatedthat叫eriseintemperatureisoneorthefacto

rsthatc3LertSaniduenceontheJhmi喝Tate. f
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カルポノヒドラジド金属錯体の熟的挙動(4)･L

-Mg結体't.酸化剤とめ浪細 め燃焼反応一I.1LI

秋書美也子●,木下 元●,平田曹正●●

中村英国●,原 事故●

自動車用手アバッグのガス発生剤として.カルボノヒドラジドのマグネシウム錯体.を取り

上げ,その性能を評価する目的で,過塩素散カリウム 臭素革カリウム 硝故カリウム,棉

酸ストロンチウムなどの散化剤との碍合物の熱分析,燃焼熱.燃焼温度や燃焼速度を測定し.

て考察したi

′マグネシウム錯体は臭素酸カリウムと混合するとき,.,最も低温で,しかも激しく反応し,

･燃焼速度も大きくなった｡過塩素酸カリウムと異串酸かノウム軌の混合物の喝合は.皮

応熱,燃焼温LR'燃焼速度ともに(1)および(2)にともなう盈飴組成で最大値を示さなかっ

た｡また,硝敢カリウムとの混合物では本研究で行った着火法では燃焼させることが出来な

かった｡
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