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The仙ermalbehaviorof仙ecarbohydrazidecomplexes

ofcertainmetals(Ⅵ)

GasesevolvedinthesystemoftheMgcomplexwithvariousoxidizingagents

byMiyakoAMYOSHI●,YasuyukHMANISHI●,NorimasaHIRATA+暮

HidetsuguNAKAMURA●andYasutakeHARA暮

CarbohydraZide(hereafter,CDH)metalcomplexesareexpectedtobeanewgas

generantforautomobileairbags.Inthepreviousreport.thecombustionreacdonof

theMgcomplexwithvariousoxidiZ:ingagentswasinvesdgatedbythermalanalysis

andthemeasurementoftheheatofcombustion.thebumingtemperatureandthe

burnlngrate.

Inthisreport,thegasevolutionbehaviorwasinvest鴫atedinthesysteTnOftheMg

complex/oxidiAm gagent甲ixture.Theoxidizingagentsusedwerepotassiurhper-

chlorate(KCLOl),POtaSSiumbromate(KBrO3),POtaSSiumnitrate(KNOB)andstron-

也umnitrate(Sr(NOB)2).Furthermore,10%CuOwasaddedasananotheroxidizing

agentinallbinarysystems.

FortheMgcomplex/KBrO3mixtureSystem,theinitialtemperatureofthereac･

lionwasthelowestwiththemostvigorousreactionandtheevolvedamountof

nitrogenandcarbondioxI'degaseswasthelargestofallsystems･Whenusing

Sr(NO3)2aStheoxidizingagent,theamountoftheN2gasevolvedwasthelowest

andwasincreasedwiththeadditionofCuO.NHSandN2H4gasesWeregeneratedin

allbinarysystemswith theoxidizingagent.andtheamountofthesegasesdecreased

remarkablywi山 theadditionofCuO･

1.Introduction

As anon-azidegasgenerantinanairbagsys-

temforsaferdriving,tetraZOlederivatives)).
urazole2)andazodicarboamide3)Werethesub-
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jectsofthisstudy.Theauthorsevaluated

carbohydra五ide(hereafter,CDH).whichiscom･

posedoffournitrogenatoms,aCarbonatom

andanoxy8enatom;VariousCDHmetalcom-

plexesweresynthesizedandtheirthermalde･

composi也onbehaviorswerelnves也8atedinpre-

viousreports4-Bl

InafotJrthreport7㌧dleCOmbusdonreactionfor

theMgcomplexnitrateofCDH(Mg(CDH)3(NqJ2)

withvariousoxidizingagentswasinvestigated

bythermalanalysisandthemeasurementofthe

heatofthecombustion,theburnln8temPera-

tureandtheburningrate.Theoxidizingagents

werepotassiumperchlorateA(KC104).potassium

bromate(KBrO3).potassiumnitrate(KNO,)and
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Tab一e1CompositionsofmixmreS

No mixtures mol′mol wL′w

t.I MgCDH●′CuO 12.5′87.5 42.

9/57.12 MgCDH/KClO4′CuO 29.3′44.9′25.8 59.7

/30.3′10.03 MgCDH′KBrO3/CuO 24.8/49.2′25.0

50.1/39.8′10.04 M8CDH′Sr(NO3)2/CuO 31.7/38.4/2

9.9 55.8/34.2/10.0'MgCD

H≡M8(CDH)3(NO3)zTabTe2ConditionsfbrgaschJ'OmatOgraPh

Gases N2,CO N20,CO芝Column MolecuLars

ieve5A ActivatedcharcoalParticleslze 60-80mesh 60-80rnes

hLength 2m 1mTemp. do℃ 40℃

Carrier8aS HP,20mL/min. He,60m1/min.strondu

mnitrate(Sr(NO3)2).Furthermore,fortheMg

complexonly,thegasesevolvedduring.thedecomposidonwerealJ'eadyanalyzed

quan-titadvelyinapreviousreport6I･lnt

hisreport,叫egasevolutionbehaviorinthe

mixturesystemoftheMgcomplexofCDHwitht

heabove･mentionedoxidl之IngagentsWasinvesd

gated.inwhichCuOwasaddedasapartoftheoxidlZingagentinaweightradoo

flO%forall

components･2.Experiment2.1ReagentsT

heMgcomplexofCDHwassynthesizedbyaprevi

ouslyreportedmethod47･TTIeoxidizingagents

wereⅥbkoPtJreChemi calreagentgrade.Reag

entSSCreenedtounder63ElmWeremixedforsixtyminutesbythesp

littablechopsticksonparchmentpaper.Th

emiXturecompositionwasastoichiomet-ricone

basedonthefouowin8eq.I-4inaddi･tiontoeq･I,
2and4illthefourthreport7)･Table1sho

wsthemixturecomposidonexceptforthecompositionsmentionedintheFou

rthreport7).Mg(CDH)3(NOB)

2+7CuO-MgO+7N2+3CO2+7Cu+9Hz0 (I)

Mg(CDH)3(Nq)Z+L529KCIOl+0.881CuO

-MgO

+l･529KCI+0･881CuO+7N2十3CO2+9H20 (2)

Mg(CDH)3(NO3)2+I.984KBrO3+
I.048CuOー

MgO+I.984KBr+I.048CuO+7N2+3COz+

9H20Mg(CDH)3(NO3)2+1.212Sr(NO3)2+7CuO

一M80+1･2

12SrO+0･943CuO+7N2+3CO芝

+9H20 (3)(4)2.2ApparatusandmethodDi

fferentialthermalanalysisandthermo･gravimet
JYWereCarriedoutusingaRigakuTAS-200

ThermalAnalyzer.Thesamplecontalncrwasano

penalumiJlaCellandthesampleamountwasfivemg.Thesamplewasheatedt0800℃

ataheadngrateof20℃/min.underair.The

analysisoftheevolvedgaswascarriedout

bytwomethods.Onew野amethodinwhichthe

samplewasdecomposedunderisothermalcond

itions.Theotheronewasthemethodinwhicht

hesamptewasburnedinatube.Fortheformer.a

glasstube(A)(16mm,insidediameter)was

fixedinahmacekeptat400℃.50mgofthesa

mplewasweighedinloaboaトshapedcon･tainer

andthecontainerwasinsertedintotheglass
tube(A).rnledecompositonwascarri占dout

underflowingHegasat20mI/min.Theevolved

gaseswerecouectedinacoHectionbag(Tbdl

arbag,350mlcapacity).Theamountsofthe

N2,CO.COBandN20gasesevolvedwerequan
tirledusingaShimadzuGC-4CGasChr0-mato

graph(hereafter,GC).Table2showstheKayak
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measurementconditionsEorthe-GC.The

NOandNotgasesWerequan
dtativelyanalyzed

uslngaGastectgasdetectortube.
TheNH3
andN2HdgaSeSwerequantifiedbythe

indophenolme仇odの(A-630mm)and也ep-

aminobenヱaldehydemethodL
O)(A-458nm),re-

specdvely.For
thelatter.1gof
thesamplewas

loadedata0.
6packingFractionina6mmI.D.
aluminumburningtube.T
hesamplewasIgnited

intheburningcontainer(18.3mm,insi
de

diameter;93.
2mm,
height).
Theevolvedgas

wasquantita也velyanalyzedby theabove-men･
tionedmethod.
Thedecomppsitionandcombustionresidue

wasanalyZ:edbytheX-raydiffractionusinga

NipponDetamJDX-3500･
3
.
Resultsanddiscussion

3
.
1Thermalanalysts
Fig･1s
howstheresultsofthetherrr血analysis

fortheMgCOmPlexandthestoichiometricmix･

tureswithvariousoxidizingagen tsaccordingto eq.I-4.TheM800mPlexgradu

allydecomposedaftermel血gat220℃,andthefi

nalresiduewasMgO.Foritsdecomposi也ohbe

havior,suchasthegasevoludonbehavior,thede

taileddescrip-tionisomittedinthisreport,bec
auseitwasre-portedalready4-7)･Inthebin

arysystemwithvariousoxidizingagents,itw

asreportedthedecomposidonvigorouslyprogres

sedatlowtem-peratureonlywhenusingKBrO3aStheoxid

iZーmgagent7)･Inthebinarysystemofth

eMgcomplexofCDH/CuO.theexothermicde

compositionOCIcurredatalowertemperatu

re(185℃)thanthemeltin8pointforthecomplexon

ly.andthede-composidonreacdonRnisheda

t350℃.Thefi-nalweightJesswas41%,whic
hwasinconsis･tentwiththecalculatedvalue

fortheMgOandCuoftheresidue(50.3%).仙is

valuewasclosetothecalculatedvalueforthe

MgOandCuOoftheresidue(38.8%lJ.Mostofd

leCuOremainedunreacted,andCuOseemtooo

ntributetothereactionnotasan oxidiZingagent

butasacata-lyst.AsseeninFig.6,theX-ray
diEfrac也onpat-ternofCuOwasconBrmedinthedecomposi

･tionresidue.WiththeadditionofCuOto

thebinarysys-temswithvariousoxidizingage

nts.theinidaltemperatureofdecompositi

onbecamelowerandtheexothermicdecompsit

ionpeakbecamesharpincomparisonwiththeresultsforthebi-

narysystemT)･WhenusingSr(NOB)2aSthe

mainoxidiヱingagentunreactedSr(MOS)2rem

ainedanddecom-posedabovesoo℃ (tempera

tureofthede-composition,570℃L])).Howe

ver,theamountofunreactedSr(NOB)2in

theM8COmplex/Sr(NOB)2/CuOwasthoughttob

elessthanthatinthebinarysystemwithout

CuO7㌧COnSider-ingtheskeoftheen

dothermicpeak･3.2Analysisof

thegasevolved3.2.1qualitativeanalysisol:thegasevolved

uS-ingTG-MSAs previouslyreportedB),the

gasbehaviorintheMgcomplexcorresponded
tothethermalbehaviorinthe孤 cuJVeland

mainlyN2,NHS,N20,COandColgasesWereevolvedduringthe

decomposition･Fig･2showstheamountofvariousfragmen
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hemktureswithKC101ionsvem stempemturefromtheresultsofTG

-MSanalysisiJltheMgcomplex/KCIO4andth

eMgcomplex/KC10JCuO･Theevolutionof

NH"H20,N2,NO,N20,COandColWasSupposedfr

omthefragments(m/Z)oF17,18,28,30and44.Int

hec舶eOFtheteTtlzlrySystem(thedottedtinein

Fig.2),theevo･Iut王onofN2SeemstOoccur

mainlyoverthetem･peraturerangeof2【ルー0

300℃.t光CauSe血epeakbehaviororm/Z-28was

inconsistentwiththatofm/ユニ44.However.aft

er300℃theevolu也OnofCOandCOBWasSuppose
dtobecomethemainreactlonfromthesimil

arbehaviorform/2-28and44.TheamountofNO

evolvedseemedtobesJmIIt革 CauSeOfthesma

llpeakform/之=30.rnlePeakform/三三320bseryed
jnbothsystemsabove400℃indicatestheevolutionor

0
2dueto

thedecompositi onofunreactedKCI
O
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ture(.C7- ;叫 COmplex/SrtNO3)2---;M

gでomplex/Sr(MOS)2/CuOFig.3Amountoffragm
entionsinthegasevolvedforthemixturesw

ithSr(MOS)2Fig.3showstheamountoFvario

usobseⅣedFragmentionsversustemperatureint

hebinarysystemandthetertiarysystemwi

thCuO.whenusingSr(NO3)2aSmainoxidizingag

ent.lnthisc舶e,ColSeemedtoevolveover

awidetem-peraturerangeOf220to550℃,ass

uppsedR.omansimilarbehaviorForm/Z-28and44

.Fur-thermore,thepeakforn/zz=32and30

Observedinbothsyste

msatabovesoo℃indicatestheevo-1udonof02

andNOduetothedecompositionofunreactedSr(

NOB)2.lnthetertiarysystemwi thKBrO3also.t

hegasbehaviorcorTtSPOndedtothatinthe

JyrAcurve;thegasevolutioncurvehas

asharppub.Fig.4showsthemassspectrumaH

hetemperatureatwhichthemaximumamountof
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vedforthemixturesw

ithKBrO30bseJVedoverawidetemperaturer

angeintheothersystemswereevolvedaHhe
samedmeind

lissystem.3.2,2Gasevolveduponignitingund
erisother-mal

conditl-onsTable3Showstheanalysisresults

ofthegasevolveduponignitionat400℃.Indlis

table,theresultsfordleMgcomplexofCDHis

alsoshovm･becausehydrazinewasnotanaけzedinthethird

report8)･ InthemiⅩturesystemwithvarious

oxidi2:inga8entS,theamountofN2evolvedin

creasedre-markablycomparedwiththeresult

sfortheMgcomplexofCDHonly.Thismightb
ecausedbydleincreaseintheeffectoftheoxid

iヱingagentontheignition,whichⅥ旧Sinconsist

entwiththetendencyintheDTAcurveunder

amoderateeondition･Furthermore,l九eam

ountofNH3evolvedchangedlittle,whilethat

orN2H-de-creased.AstrongreductiveN2H.
wasthoughttoreactwiththeoxid

izingagenLTheeffectoftheoxidizingagent

whenusingKBrO3WasthelargestOfallsystem

s.andmostofthenitrogenatomsinthecom

plexbecameN2gasWithoutforTnationofN叫and

N2H-Bases.80%ofthecarbonatomswereoxid

izedtoCO2gas･(theremainderoftheproductw

asCOgas.)memassbalancefortheseatomsw

asapproxi･matelygood,aboutlO0%,asshown

inTable3.KBrO3decomposedcompletelyto

KBrand02;KBrwasconEirTnedbyX-raydiffrac

tionofthedecompositionresidue.Basedon

theresidueandthe8aSbehavior,KBrO3Was

SupposedtoreactsumcientlywiththeMgcom
plexastheoxid

izingagentmeeffectoftheoxidizingagentd

ecreasedintheorderofKBrO3,KCIO-andSr(N

O3)2aStheoxidi2;ingagent.Themassbalance

ofnitrogenTable3AmountofgasevolvedfortheMgcomplexandtwoco
mponentmiⅩ･tureswithvariousoxidizingagents (uni

t:moI/mol)Gases Mixh
J.eSOfTablelMgCDH●MgCDH/KC104 MgCDH/KBrO3

MgCDH/Sr(NO3)2N2 4
.57 6.13 7.0! 5.99N

HS 0.97 0.65 0.10 0.79NⅠちNt42 1.34 0.16 0.00

3 0.06N20 0.50 0.00 0
.00 0.00NO 0.005 0.021 0.050

0.025NO2 0.0014 0.00003 0.00003 0.00060

CO 1.76 0.19 0.64 0.53Col 0.57 1.68 2.39 0.7

1Nnumber 13.79 13.23 l4

.J3 12.92% 98.5 9

4.5 100.9 76.9Cnumber 2.33 1.87
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●''CuOFig.5Xm patternsoftheresiduefor
Sr(NO3)之mixt

uresandcarbonatomwaslowwhenSr(N

O3)2Wasused.Thelowmassbalanceforthe

nitrogenatomwasthoughttobecausedbyincl

uding0fthenitrogenatomintheSr(NO3)20XidiZ:ing agent.Namely,lnthiscase,partofthe

oxidiz-1ngagentremainedunreacted,becaus

etheX-raydiffractionpattern(Fig･5)ofSr(N

O3)2WasconfirmedinthedecomFX)Sitionresidue

.AsforthemassbalanceOfthecarbona

tom,theevolvedcarbondioxidewasfixedasS
rCO3,aSseeninFIE.5.SrCO3Wasformedbythe

reactionofSrOwithH20andCol0Fthedeco

mposidonproduct.aspreviouslyrep

orted7)･InthebinarysystemwithKCIO小the
gasbe-haviorwasclosetotheresultsinthe

mixturesystem withSr(NO3)2.1nthisca

sealso,unreactedKC10-wasconRrmedinth

edecom-posidonresidue.TheresultsofX･ray
di坪rac-tionoftheresiduewereomitted.Conse

quently,KCIO4didnotseemtoreactsumcientJy

withthecomplex,asinthecaseofSr(NOD)2.tn

dleCaseof(I)(thebinarysystemofdleMgCOm

PlexwithCuO),theamountoftheN2evolvedi

ncreasedcompaJ･edwiththatindleMgCOmPlexo

nly.TheaJnOuntOFNHIevolvedincre耶edmore

orless.anqthatwasthoughttobecausedbyt

heacdonofCuOasacatalystofthedecomposi

tion,asmentionedln3.1.Namely,theoxidado

nofNHSwasthoughttobeinsufrICient.FIB.6

showstheX-raydiffractionofthedecomposition

residueintheM8COmplex/CuO.TYleX-raydi

FFrac也onpattemorCuOwasco血 med,though a

partoftheCuOwasreducedtoCu20.meNH

3eVOlu-Table4TheeffectorCuOontheamountof8aS
evolved(unit:

mol/mol)Gases Mixture
sofTablel(1)

(2) (3) (4)NZ 5.82

6.13 6.81 6.69NHS 2.10 9.21×10

~5 0.000462 8.54xl0-5NH2NH2 0.00 0.000482 0.㈱ 251 0.0

0037N20 0.07 0.00 0.00

0.00NO 0.023 0.020 0.0254 0.025Not 0.0006 2.82×10ー5
3.91×10-5 3.55xI0-5CO

0.99 1.10 0.81 1.09CO2 1.90 1.68 2.01 1.24

Nnumber 13.90 13.18 13.6

5 13.38% 99.3 94

.I 97.5 81_5Cnumber 2.89 2.69 2.82 2.
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tiondecreasedremarkablybytheaddition

ofanotheroxidiヱingagentwithadeαeaseinN2
H-evolutio

n.tnthetertiarysystemwithCuO,theNZevol

u-tionincreasedexceptfor仙esystemwithKBrO

3,though theevolvedamoun(ofltwasinsufrICie

ntbasedonthestoichiomelricequa也on.Int

hesystemwidlKBr03,theamountofN2evolv

edandthemassbahnceoFnitrogenatotnkco
mesmallerwiththeadditionofCuO.mereacti

onmightbeinsufRcientduetothescattering0fthe samplebecauseofthevigorousreaction.

Ontheotherhand,hthecaseofSr(NO3)2,ther

e-activitybecomegreaterwidltheaddidonofCu

O;theamountofNZevolvedincrusedby5%.

lnaddition.therelaliveintensityortheX-raydi

f･fractionofSr(NO3)2becomesmallerwitht

headdidonoFCuO,asseeninFig.

5.3.2.3Evolvedgasduringcombusti

onTable5showstheamountsofthegas

esevolvedduringcombus也oninthesystemusl

ngSr(NO3)2.TYle8aSbehaviorduringdleCOmbu

s･liononlyinthissystemwasinvestigated;t

hemassbalanceornitrogenwaslowduringt

heignidonat400℃.Inthecaseofthecombusdo

n,themassbalanceofnitrogenincreasedabo

ut4%inbothsystems･Whenusin8Sr(NO3)2

aStheoxidizingagent,theinvestigationoft

hechangeinthecombusdonformandtheuseof

acombustioncatalystisneccesaJY.COnSideri
ngthemassbalanceofnitrogen.Theuse

ofSr(NO3)Zisadvantageousfromtheviewpoi

ntofanon･halogenagentandareactionprodu

cthavingahigherrneltingpoint(theoxide,t

hecarbonate).anditspracticalusewillbeinvest

i･Batedsubsequentl
y.4.Condusio

nsThethermalbehaviorandthegasevoluti

onbehaviorwasinvesdgatedintheMgCOmPl

exTab一e5Amountofgasevolvedforcombustionofthe
Mgcomplex-SJ･(NO3)Zmixtures (unit:mol/mo

l)Gases MixtuJ.eSOFTab
lelMgCDH/Sr(MOS)2 MgCDWSr(NOB)

2/CuON2 6.

82 7.02N713 0.00

027 0.0019NH2NH2 4.02xl
0-i 2.64×10~SN20 0.016 0.013

NO 0.00030 0.00038

Not 0.0004
0 0.00077CO

0.38 0.41Cog 0

.96 I.08Nnumber 13.67 14.

07% 81.4

85.7Cnumber 1.34 1.4

9% 44.7 49.7'MgCDH-M



withvariousoxidi2hgagentsOrinaterdarysys･

tenwithlo艶addedCuOasanotheroxidiZiing

agent.Theoxidi2;ingagentswerepOttaSium

perclorate.Pottassiumbromateandstrontium

nitrate.

FortheMgcomplex/KBrO3mixturesystem,

theinitialtemperatureoHhereacdonwasthe

lowestwiththemostvigorousreaCdon,andthe

amountoFnitmgenandcarbondioxidegases

werethelargestofallsystems.Whenusing

Sr(NO3)2aStheoxidizingagent.theamountof

theN2gasevolvedwasthelowest･However,

thereactjvitywasthoughttobehprovedby

thechangeinthecombustionformandthead-

di也onoracombus也Oncatalyst.NHSandNZH4

gasesWeregeneratedhallbinaJYSystemsWith

variousoxidi2:ingagents,andtJleamountsOF

these8aSeSdecreasedremarkablywiththead･
dltlonorCuO.
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カルポノヒドラジド金属鎗体硝酸塩の熟挙動(第6報)

-マグネシウム錯体と酸化剤混合系のガス発生挙動一

秋青美也子暮,今西康之●,平田曹正●●

中村英嗣●,原 審毅●

自動車用エ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鎗件を取り

上げ.その性能を評価する目的で,第4報では靴 潮との混合物の熟分杭 俄焼魚,燃焼温

度や燃焼速度を測定して考察した｡本報告では,マグネシウム錯体と過塩素敢カリウム,臭

素敢カリウムおよび硝酸ストロンチウムの酸化剤に一群敢化網を加えた系のガス発生挙動を

比故検討した｡

マグネシウム鈴掛ま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,塗

兼および二酬 嘩声の発生丑が最も大きくなった｡構酸ストロンチウムを用いた系では,塗

素の発生量は最も少なかった机 酸化銅を添加することによって,その発生畳は増大した｡

いずれの系においても.敢化剤との2成分系ではアンモニウアやヒドラジンを発生する机

酸化窮を加えることによってこれらの発生畳は著しく小さくなった｡
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