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Catbohydr批ide(hereafter,CDH)metalComplexesareexpectedtobeanewgasgcnerant

Eorautomobileairb喝S.hthisreprt,thep seyolutionrbehyioroftheMgcomplex.du血g.

･thedecompositionwasimycstigatedirItheisothernd decompositionat240-270℃aLndat

400℃. +･JJ .て･

MainevolutiongaseswasN2,NH3andN20du血gisothernaldecompositio,nat
240｢270℃･Ther?te]equationfortheevolutionofthesegaseswas丘柑t一〇rderforeverykind

,ofgas.TherateconstantofN20eyolutionwassmallerthanthatofN2aJld,NII3.Therate

equationforthedecomposidonofthecomplexWasalsofirst-order.nerateconStZLntOfthe

decomposidoJIShowsthe弘metendencyasthatofN2aJldNE3.meeYOludonofN2aJ)aNHS

issupposedtobethemainreactioninthetemperattwer弧geOf240-270℃.

Furthermore.thedecompoSidonat.400℃proceededsorapidlythatignitionocctmed.The1

gasesevolvedinthecaseofigmitjonwerediuerent加mthatduringthedecomposidonat

240-270℃.

t. Introduction

Recently,automobiles.soldh Japanhayebeezl

equippedwith anairbagsystemforsaferdriving.

Though NaN'ispresentlyt!苧edas.them申mcompo,,l

Rentofthegasgenerator,ithasatreatmentprobleJn.

Consequendy,anevp伊8generator,Whid1Offershigh

thermalstabi滋tyandwhicheyoI.Yesahrgeamountof

harmlessgasondecomp甲idon,hasbeeztdesiredasa

substituteforNaNl.

TheCDH,whichiscomposedoEfournitrogen

atoms,acadbonatomandanoxygenatom,isex･
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pectedtobeoneofthenewgasgenerators.hthe

preyiotnてtePPrtSり･2㌧inordertoinyedgatethe

possibilityofpracticalapplicationofCDH,various

CDHmetal.compl甲 ,′WereSynthesizedaJldtheir

thermaldecompositionbehaviorvmsinyesdgated.

Inthisreport,Lorthe叩gcomplex nitrate
(Mg(CDH)3(NO3)2),theeYOltltionbehaviorofthe

gasduringtheisothermaldecomposidonwasin･

vegigatedatvarioustemperatures･

2. Experhent

2.1 Sample

TheMgcomplexofCDHwassyT)thesizedfromI1
W独占purechemiCal reagentp demetalnitrate

(Mg(NO3)2)aLndCDHfromJapanHydrazineCor･

poradon,basedonthemethodoHyanoyetal･引･ne

obtainedproductswereSub3ectedtoelemental

aJlalysis,aLalysisof〔NO3]~1concentradonbycon･
ductometrictitration (orabsorptiometry)aJld

analysisofthemetallicionbyd)elatometricdtration･

2.2 QualitativeanalysisoftわoevolLJtiongas

Thegaseyolyedduringthedecompositionwas
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Table1TheaJ)alyticalconditionsingasdlrOmatOgraphy

■. .い Ni CO Col

N20Le ngthoEcoIumn 3ロn中

×1,5mPad【ingmaterial mblecdar.sieve5A activecarbon

SiljcagelCol.tempン(℃) ∫.＼ 4

0上▼.LL 35CihiergaB(山/m

in.) 30 20 70az)alyzedqualitatiyelyusin

gEGA (eyolyedgasanalysis)(aRi由kuでAS-?00

ThermalAn'd押町.aIyokogawaHP5972maS叩eCtrOmとtet)

･Fiye一mgof'I■thesamplewasweighedintothe'd
umiziumcotItainerandⅥsheatedto500℃■a

tallea血grateof20℃/n*n.inanatmos

phereofHe. LI2.3 Evolutionbehoviorof†hog8

SdurJ.q ･theIsolthe

rmaldecompos暮t暮on2.3.1 Decompos

itiPnat240-270'Cnepyrolysisapparatus,Which

theglasstube(A)(18-享nins_i°ediameterand20Qmin
length)wasrIX･edintotheelectricLtLrTuCe,Was
COnneCtedtoaga8dhromatographOtereaLter,GC

;aShimamGC-4C).Fiftymg:oL･'SamplewasWeightedi
ntoaquartzglasscontainer(theboatshape:5血i

nheightand30山inlength)ami thiscontainerwasin

sertedintoaghsstube(A).Thed∝omposido

nⅦ carriedoutatvarioustemperattqes(240-27

0℃)tnderaHegas(0.5%02)血owof20d/min.Th

e瓜owcourseofthecarriergasilltheGCwaschazlgedto

thepyrolysisap-paratusatspeci丘edinteryab,and

thepseyolyedbythedecomposidonvasintr

ducedtotheGC.Byrepeatingthisoperadon,theaJnOunt

OEthegasevolv-edwasm飽Suredcon血uousIy

.Table1showsthemeasuren!entcol)ditionstorGC.

Thepyrolysisap･paratus血sconヮectedtoanabsorpdo

nttlbeandafix･ed甲OuntOfthewaterali
sorbedwithNH3WaswithdrawtLat申eCifiedinteryalS.N

H3Wasquantifiedbytheindophe

nolmethodl). llFd enTiore,afterbeingheit

edEoraspecifieddme,theweightofthesa

mplewasmeasured.2.3.2 D

ecompos柑onat一oo℃ThesaJnplewasdecomposedu8ing

thepyrolysisap･paratusat400℃underaHe

hwof20numin.Thegasevolvedbythedecompsidon

wascollectedinacollectionbag(TedlarBags

;100山 ×150m).ThegaswasaAalyヱedtJsiz)gGC.The

detailedmeastwe･mentconditionsarementionedaboye(Table1).
h
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tJU801Sむnple-,5JqS(AlOpencel
l)dT/dt;20℃/

min.Atonosphere;HeFig.1 Theamotntof
totaHonsofthegaseyoly･ed(A)andDTA

-TG(B)LortheMgcomplexaddition,NHSWasalsoquantified.

3. ResLJltsanddiscussion3.1 QLJelritative

analysisofthepsevolvedFig.1(a)血owsth

echangeinthetotalionicamountOfthegaseyolye

dduringthedecomposition.hcontrastwiththeresult

softhermalanalySis(Fig.i(b))･thegasbegantoeyo
lvea!soonastheexother･miC托aCdonStarted.Ina

ddition,theamountofthegasevolvedhadamaxim

umyalueat310℃.Fig.2Ishdwsthemassspectrum

ofthegasevolvedateachpointinFig.1.Table2list

sf也gmentva)tiesaJldthekindsofgaseseyolv

ed.N2,NHS.CO.CO2.N20,H20and02Wereassumed

toevo]ye.andthekindofthegasscarcelydhanged

dmingthereactionprocess.N2maybemaiJIProduct,co

nsideringtheintensityoEthepeakatm/e主28azldth

estructtweoftheMgcom･PIER (Mg(NIH6CO)

3(NO))2).Underan excessKay8kuGakkaish
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m/eFig.2Themassspectrumofthe
gaseyolvedatvariOu

sppintsi漕 ぎ･1

ll I)T8bte2 Tbe出場mentValuesforeyolvedgases

m/e ∴compogen
ts17 1

NHS.Hz018

. HiO一28 N2.CO,Col

30 NO,N2032 d244 Col甲ygenatmosph

ere,the.carbon,hydrogenandnitrogenelemen

tschaJIgetOCO2,H20 andN2,respectively,duet

odeco叩OSidon･IntheCDHmetalcomplex,NHSandCOgasm叩eVOIyebecauseo

fthe). ) ･1negadye甲 ge

nbaian& -(-o･229g/g)･N20 W甲a王ふmedtoeJo.lve

conside血gthepeakatm/eI30and44･)thoughi
tsevolutionmechnism wereLdEunknown.inaddido

n.theamountofN20orColin･creasedwi申 the
t甲perattm,benusethepeakin･t

ensityatm/e=44-b品 mehrge.3.2 Changein

theevolutJ'onamountofUsesTheeyoludonbehayiorofthe

gases,wh享chwereI iassumedintheTG
-MSanalysis,was
investig ated (tu)S亀p3̂tÔaJOL)ptrm

baqL Tgne(min.)●:N2◆‥N托 ▲:N20
I:co2▼:CO･･◇:Thewejghtloss･

Fig.3 ThegasCVOIy占dinthedecomposido
nofMg(CDH)3(NO3)2a

t260℃Table3 TheimotntsoEthe

BaS●evoIJedI ..Amountofthe

gaS?Y中

edrm色/g(MgCDE†1)mol/mol(MgC.DH'I:)'N去
170 ● 3.17JNt

h Ilo- ･2.b6N20 90 1-.7CO 2一一 ‥OiO5CO卜 ..42

0.75.thetotal ･L;414こ4J '.7.731calculatd

yduesatStzLndardState●):MgC

DH;M豆(CDH)3(NO3)2 メ.llqtnndtadvelyintheiso

'thermaldecomppsidoJ)･I JIL ▲.Fig･3shoふsthJeevolvedam.otmtofN2,NHS.N20,l～
●COandCO2andtheweightlossoftheMg

complex/ ･ノ･< Iversusti
me甲rV苧芦at260℃･02evolution,whichwasassumedinT

G-MSaLalysis,wasnotcon丘rmedbythegasdbro

mato訂aphicmethod.neeyolutionofN2.NH)andCO丘m

i血edat20-30minutesafterthestartofthereac

tion.蜘 rthesega阜esStoppedevolv･ing･N20aTld

Colevolvedgradually.withSlow.tJ 土J-d∝omposition.ナable3shdwsthe



Table4 The'elementalaJlalysisof･thedecompositionresidue

′ノTable5 ThepaBSb'alanc

eofnitrogenand血 bonatom(mi t:%)▲.J Ntont

ent+) Ccontentf2+■一
the'-㌫iI'vedgas 心2-知HS 45:3∴ 14.7- 卜N20 24.3 I,:'iJ

i._ ...CO - I.7

CO2 - ■~25.0ther占Sidue,(Ug(C2NaH一03) 21.4 66.7 °

thetotal 105.7. 93.4!1号Ont9nt:(Nintheproduct)/
(NintheMg(CDH)3(NO3)2)'2content-:(Cinthe

product)/(CintheMg(CDH)3(NO3)2)nebalance

ofbothnitrogenandcarbonatomswasem in号dbefore

andafterthercaCdon.nemetalcomplexcontains

Loqrteennitrogenandthreecarbonatoms.hth

eevolvedgas,thereweretwelve'atomsandpneatom,

re印?_Ctively.As seeninFig.3,血e五malweightlossoEth

esiLJnPleconyergとdto0.630.Clearly,theorganic

sIJbstanceremainsinthesample,beatlSet

heconvergeJ)CeValt)eisdi触rentfromthecalcd_Ⅴ

血eforMgO(0.9037),whichisthe血alresidueinthetherma

)aJ)alysi8.Table4showstheresultsoftheelementala

nalysisoLthedecompositionresidue.Ⅰncludingthe

nitrogen‥andtirbon'atomsin一ヽ1thedecompositionresi

due,themassbalanceofthoseatoms.lS-approximately

good.Forreference,Table5～1iststhe･reSt)Its

ofthemassbalanceofnitrogenandcarbonatoms.There

maybesmallerrors,becausetheresiduemaybeamiXtureofa

variotlSProducts,aSdescribedin･the,previou

sreport2)i3.3 GasevolutionriteAs mentionedab

ove,theevoludonoEN2,NH3andN20gaseswas

themainreactionduringtheisother･maldecomposidon.

andtheevoludonrateofthcSegaseswasinvesd

田ted.Figs.4I6showthechangeintheeyolyedamountsathe

threegasesduringtheisothermaldecomiIositioninthetem

peraturerangeof240-270℃.Thefractionalevolutionwascalcuhtedfromthe I 3. →-zinalgasam6untse8hved.

h

inyestigadngtheeyolu.I_lionrateequationforthと'

gases,atibt-orderequation■callbestdescribet

hereactionforeyerykindoLgas.As arepresentati

veexample,Fig.7shふさthe･ev｡Iu･丘oaratio(Ⅹ)v

erstBdmectm eandthe'p(⊥hX)ver･sus也 eheforN2

gaseVOludon.Inthe･hXagainstdn)eplotsigood
血earitywasseenoverthe:raqlgeOftheh嘩onal

evoludonfrom10to90%.Fig.8showsanAm he血 spl

ot'forthe.evoludodoLN2,NH3andN20

gases.TherateconstantofN20eyolutionwassmall

血mparedwith'thatofN2aJIdNH3.Ontheotherhand

,Fig:9声howsthe｣weightloss･ofthesamplev

ersu畠timectmeatvadousI-e叫peraturesunderHe加W･As men

tionedabove,thefinalweightlossconvergedto0.

630.Howeyer,.thi卓Valuewasdif･terentfromtheconve

rgencevalue(0.570)undertheatmosphere,asdescribed

inthepreviousreport2).Inthatreport2),the

authorsstIggestedthepossibilitythatthe一gasevolv

edduringthedecompositionpar･ddpatcsinthereact

ionagainaJ)athatastablein･termediate(co

mplex)wasfomed.ItisconsidedthattmdertheHe瓜ow

,thedecompositionprogre岱edb･therduetothe

diffusionoftheevolyedgas訂Oundthesample.･The

血CdonaldecompositionwasderivedhTOmthermalwei

ghtloss,弧darateequationwasiかvestigated.Aswith th

egasevoludonrate,aLirst-orderequationc
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in･thedecom･positionatvarioustemperattqes

showstheかactional･decomposition(Ⅹ)ver

sustimecurveaJtdthe(-1nX)yersus血 eplots.h

the(-1nX)一血 eplots,goodlinearitywas紀enO

vertheraJ)geOfhcdonaldecompoddonfrom10to8
5%.Moreoyer,Fig.llshowstheresdtsoEtheAm henitl

Sp)ot.ComparedwithFig.8,theratecozutantofthe

decomposidonshowsthesametendenqrasthatof

N2,NH3,･butclearlyrdifferentfrom thatofN20.n

lereLore,theeyolutionofN2andNtIJismainreac･doninthetemperattlrerangeOfthe

isothermaldecom･posidon,assuggestedfromFig

.3.3.4 E)ecompositionat8temperaturehighe

rthanth8tOftheJ-80thermaldecomposition
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400℃oraboye,theMgcomplexdecomposes帥rapid

)ythatignidonocmrs.8∝ausetheproba岨ityoEigniti

onbecomeshighat300℃ oraboye.theisothermaldec

ompositionwasQrried outin thetemperatureraJIgeOf240-270
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varioustemperaturesunderHeflowwascon瓜rm

ed.Therefore,inthe也SeOfignition,thedecompos

itionapparentlyprogresseswithoutforn･ingtheint

ermediateinthecourseofthereaction.Table6s

howstheeyolvedamountsofyariousgasescollectedin

thecaseofignition.Moreover,Fig.12showsthedi

stributionofthegaseseyolvedat400℃.Forrefe

rence,theresultofthedecompositionat270℃isAl

soshown inFig.12.hthecaseofignidom(at400℃

),theevoludonratioofN2increasesandthatisd

iuerentfromtheresdtat270℃.Themassbalanceofca

rbonatomsisnotgoodbeforeazIdafterthereaction.andfu

rtheranalysisisneeded.4. ConclusionsFor

theMgCDHcomplex,theevoludonbehaviorwasinvestigatedintheisothermaldecompositionat
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NO3)20-I

-213L-35-4-5-6-71.8 1.85 1.9 1.95

21/Tt×10づ )Fig.llArrhemiusplotsofthedecompo
sitionofMg(CDH)3(NO3)2underHe加W

240-270℃andat400℃.Maineyolvedgaswas

N2,NH3andN20duringtheisothermaldecomposidona

t240-270℃.Theevolutionratioofthesegaseswas

3:2:2inmoteratio.Therateequationfortheevolut

ionofthesegaseswastirst･orderforevery



Table●6'TheamountoLga8evolved

Am olintof.gaSeYOlyed

山/g(MgCDH)'lmd/mol(htgCDH)
●1N2 297

.5.55WH) 52

.4 0.97N20

25.8 :0.5CO

2.2 ■0.05 ∴CO

z 62.5 ｢′-.15血et

otal 439.? 早..22 L､Calcuhtedvalt

leSatStzLndardState'1:M

gCDH;Mg(CDH))(NO3)2constzntofN20evol血 wassm

anerthandutdfN2血dIN払pSeS･TherateeqtndonLor
thedecompPSidon.of.}thecomplexwasalsot血st:ordeLr.､

Thekteconstant-6flthedecompositionshowsthesa

peltegdentyisthatofN2aJ)dNHS.Ther血 rethe
evolutionofN2andNH3isstlPP8eidtobi-

th･em血 rei砧onr･intheteJnPeratdrer

angeOf240-270℃. tAt400℃,thed能oJnyb&

tionoftheMgcomplexproBreSSe880rapidlythatignid

onoccurs.Clearly,thegaろeseYOlyedintheaseof

igmitioh心eredifferentfrom･thoseindieCおe

Ofthedecomposidonat240-270℃.Theevol叩d●a
m品ntofN20mssmall,andtheevoludonradoofN2andNH3
Was 5:1in
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カルポノヒドラジド金属錯体の熱的挙動(3)

-Mg錯体の熱分解時のガス発生挙動一

軟膏柴也子書.平田哲正対;中村美嗣●,原 事故'

新規のガス発生剤として期待されるカルポノヒドラジド金属落体(Mg(札H6CO)3(NOI)2)
の熱分解時ガス発生挙動を明確にするで(く,Mg錯体町ついて240-270℃での等温分解実

験を行った｡

構造上主体と考えられる窒素に加えて.アンモニア.亜軟化窒窯の発生が確認された｡

錯体?分解遼寧およびダス嘩 生速度はガスの種類に限らず.1次式に最もよく革合した｡

ただしi亜酸化窒素の発生速度定数は伸のものに比･iて小さく.乗験温度範囲の分解では.

窒素,7ソIt干7の発生が主塔である｡,.i

さらに,より高温く400℃)では.駄科の分解が急汝に進行して発火するが,こ.の際に発

生するガスは等温実験(240-.270I℃ )とは異なる結果が得られた｡今後更なる検討を穿する｡

(◆九州工業大学応用化学教室 〒804･北九州市戸畑区仙水町1-1

…ダイセル化学工業株式会社技術開発センター 〒671-16兵庫県揖保郡揖保

川馬場805)
J . l ･ ､ ∴ '
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