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Thethermalbehaviorofthecarbohydrazidecomplexes

ofcertainmetals(Ⅶ)

GasesevolvedduringthedecompositionfortheZnandMncomplexes

byMiyakoA氾YOSHI書,YasuyuPIMANISHI暮,NorimasaHIRATA…

HidetSuguNAKAMURA●andYasutakeHARA●

Carbohydrazide(hereafter,CDH)metalcomple況SareeXPeC.tedtobeanewgas

geneTantforautomobileairbags.Inthefifthreport,thecombusdonreacdonofthe

MnandZncomplexeswithvariousoxidizingagentswasinvestigatedbythermal

analysisandthemeasurementoftheheatofcombusdon,thebum ingtemperature

and也ebumlngrate.

hthisreport,theevolvedgasbehaviorwasinvest鳴atedfortheZnandMncom･

plexmi xtureswithvariousoxidizingagents.meusedoxidi2:ingagentswerepotas･

sium perchlolate(KCIO4),POtaSSiumbromate(KBrO3),potassiumnitrate(KNOB)

andstron也umnitrate(Sr(NOB)2)･InthebinarysystemwithSr(NOB)2,lo光CuOwas

addedasananotheroxidizingagenL

ThestabilityoftheMncomplexofCDHwastheLowestintheZn,MnandMg

complexnitratesofCDH;theresultfortheMgcomplexwasreportedinthesixth

reporLInaddition,theevolvedamountofallgas田andnitrogengasWasalsothe

largestfbr山eMncomplex.

meeffectofKBrO3aSdleOXidizingagentwasthelargestofallthesystems.Wh en

usingKBrOi,theirddaltemperatureofdiereaCdonwasthelowestwithth.emost

vigorousreacdonanddleevolvedamountsofthenitrogenandcarbondioxidegases

werethelargestofauthesystems･JnthemixturesystemwithSr(NO3)2,theevolved

amountoftheN2gasWasthelowestbutthatwasincJ'eaSedwiththeadditionof
CuO.

1_lntrodudon

As anon-aZ:i°egasgenerantinan airbagsys･
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tenforsaferdriving.tetrazolederivatives1㌧
uraZ:01e2)andazodi¢打boamide3)Werethesub-

jectsofthisstudy.Theauthorsevaluated

caJ･bohydrazide(he托afh5T,CDH),whichisoDn-

poscdoffわurnitrogenatoms,acarbonatom

andanoxygenatom;V訂iousCDHmetalcom･

FlexesweresyndleSizedandtheirthermalde-

composi也onbehaviorswereinves晦atedinpre-

viotn;reports4-9)

mecombustionreac也onfortheMgcomplex

nitratesofCDH(Mg(CDH)3(NOB)2)dthvarious

oxidizingagentsWasreportedinthefourth7Iof

aseriesofreportsonthemetalliccomplexof
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Table1Composi也onsofmiXtures

No Ml'XlllreS mOl/nlOl wl./wt.l

I ZnCDH./CuO 12.5/87.5 45.2/5

4.82 ZnCDH/KClO4 36.4/63.6 65

.5/34.53 ZnCDH/KBrO3 30.0/70.0

54.I/45.94 ZnCDH/Sr(NOB)2 41.7′

58.3 60.8/39.25 ZnCDH/Sr(NOB)2/Coo 31.7/38.4′2

9.9 56.0/34.0/10.06 MnCDH●/Cu

O 12.5′87.5 44.7/55.37 MnCDH

/KCIO4 36.4/63.6 糾.9′35.I8 Mn

CDH/KBrO3 30.0/70.0 53.5/46.59 M

nCDH/Sr(NOa)2 41.7′58.3 60.3/39.710 MnCDH/Sr(N

OB)2/CuO 31.7/38.4/29.9 57.4/32.6/10.0'zncDH

--Zn(CDH)3(NOJ2,●●MnCDH-Mn(CDH)3(NOJ2cDH4-9

).similarly,thatfordieZnandMncom-plex
eswa貞reportedinthefifthone5)･ontheot

herhand,fortheMgcomplex,theevolvedga
sbehaviorinthecomplexonlyandinthemixt

ureswithvariousoxidizinga8entSduringt

hedecompositionwereinvestigatedinthet

hird67andsixthreports9),respectively･hthi

sreport,theevolvedgasbehaviorintheZ

nandMncomplexnitratesofCDHonlywasquantita也Velyinvestigatedduringtheisothermal

decompositionat260℃･Fur山emore,仇atinm出ur

eswithvariousoxidizingagentswasalsorepo

rted;theoxidizingagentswerepotassiumperc

hlorate(KClq),potassitm bromate何升03),pot

assium nitrate(m os)andstrontiumnitrate(Sr(

NO3)2).hthecaseushgSr(NO3)2.CuOwasaddedasapartoEtheoxidizingagentinara也o
of10%foral

lcomponents.2.Experiment2.1Reagentsm

ecomplexesofCDHweresymthesi21edbyapr

eviouslyreportedmethod4)･Theoxidizingage

ntswereWakohlreChemicalreagentgmde.Reag
encsscreenedtounder63FAmWeretTdxedforsixtyminutesusing

splittablechops也cksonparchmentpaper.T

hemixturecompositionswerestoichiomet-riconesbasedoneqs･1-4;thesearetheequa-

tionscommontotheZnandMncomplexes

.Furthermore,forthebinarysystem withSr(N

O3)2aStheoxidizingagentCuOwasaddedasapartoftheoxidizinga8entinaweightrado of10%

forallcomponents(eq.5

).Table1show首them

ixturecompositions.M(CDH)3

(NO3)2+7CuO一MO+7N2+3CO2

+7Cu+9H20 (1)M(CDH)3(NO3)2+1

･75KC104ーMO+1.75KCl+7N2+3C

O2+9H20 (2)M(CDH)3(MOS)2+2.

33KBrO3ーMO+2･33KBr十7N2+3C

O2+9H20 (3)M(CDH)3(NOB)2+1.4

0Sr(NO3)2ーMO+L40SrO+8.2N2+3CO2+9H20

(4)M(CDH)3(NO3)2+1.20Sr(NO3)2十1.00Cu
O-MO+L20SrO+)･0

0CuO+8.2N2+3CO,+9H20(M:

ZnandMn) (5)2.2Apparatusandmethod

DiEferentialthermalanalysisandtherm0-gravim
ebywerecarriedotJtusingaRjgakuTAS-2

00ThermalAnalyzer.Thesamplecontainerwas

anopenaluminacellandthesampleamountwasfivemg･Thesamplewasheatedt0800℃

ataheatingrateof巴o℃/min.underair.Th

eanalysisoftheevolvedgaswascarriedout

bytwomethods.Onewasamethodinwhichth

esamplewasdecomposedunderisotherrnaIco

nditions.Theotheronewasthemethodinwhich

thesamplewasburnedinatube.FoJ･meformer,

aglasstube(A)(16帆 ,insidediameter)was

触edinahrnacekeptat400℃.FifbTm80fthes

ampleⅥ租SWeighedintoaboat-shapedcon-taine

randthecontainerwasinsertedintothegl

asstube(A)･ThedecompositionwasnrriedKay



Table2Conditionsforgaschromatograph

Gases N2,CO N20.CO

…Column MolecuJarsieve5A Activatedchar
coaLP'articLesize 60-80mesh 60

-80meshLeng
th 2m lmTe

mp. 40℃ 40℃CarriergaS He,20ml/m

in. He,60m1′min.outunderflowingHegas

at20ml/min.Theevolvedgaseswerecollected

hacollectionbag(Tedlarbag,350mlcapaci

ty).meamountsoftheN2,CO,ColandN20

gasesevolvedwerequantifiedusingaShimad

zuGC-4CGasChro･matograph(hereafter,GC).

Table2Showsthemeasurementconditions

fortheGC.TheNOan dNO28aSeSWerequanti

tativelyanalyZ;edbyaGastecgasdetector

tube.TheNHSandN2H4gasesWerequantified

bytheindophenolmethod)0)(A -630nm)a

ndthep-aminoben-zaldehydemethodL])(入=458

nm),respectively.Forthelatter,Igofthesamp

lewasloadedata0.6packingfractionina

6mmI.D.aluminumburningtube.Thesample

wasignitedintheburningcontainer(18.3mmins

idediameter;93.2mmheight).Theevolvedga

swasquandtadvelyanaly之edbythealready

mentionedmethod.Thedecompositionand

combustionresiduewasanalyzedbyX･raydiffractionusingaNipp

onDetamJDX-3500.3.Resu

ltsanddiscussion3.1

111ermalanalysisTheresultsofthethermal

analysis･formix-tureNos.2-5andNos.7-8i

nTable]wereal-readyreportedinthefifth8I

ofaseriesofre･Portsforthemetalcomplex

esoECDH4-9)･Forthenh ewithKBrO3indlb

inarysystemswithvariousoxidiヱingagentswi

thoutCuO,themostvigorousdecompositionw

asobservedatthelowesttemperatureofallthesy

steTnS,aSalreadyreportedB)･withtheaddition

ofCuOtothebi･marysystems,thereactivit

yincreasedoveranarrowerreactiontemperatur

erangeatalowertemperaturecomparedwiththebinarysys

temswi血outCuO7).fqg.1showstherestdtsoft

hethem旧IanalysisfortheMncomplexofCDH,thestoichiomelric

u
l
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I'cJiD℡A. 一一一一一;℡G(1)HnCDH, (2)
MnCDIt/CuO13)伽 CDH

/Sr川03)2/cooFig.1DTAandTGcurvesofth

eMncomplexandmixturesmixtureswithCu

OandwithSr(NOB)2andlo艶CuO.TYleiniぬlte

mperatureofthedecomposi-tionfortheMnc

omplexofCDHwasthelowe吉tofalltheCDHme

talcomplexes4･a)･Thede-compositionreacti

ongraduallyoccurredafterthemeJtjngasin

thecaseoftheothermetalcomplexesoFCDH.

InthebinarysysterhWithCuO.theMncomple

xnitrateofCDHstartedtoexothermaLIydeco

mposeataLowertemperaturethanthemelting

pointofthecomplex.whichwasconsistentwiththetenden
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2Amountofgasevolved at260℃fo rtheZn
complex

ishedatalowertemperaturethantheonefor
血eMncomplexonly.
WhenusingSr(NO3)2aStheoxidi2iingagent

withCuO,apartofthe
Sr(NOB)2remained

unreactedanditdecomposedabove500℃

(temperatureofthedecomposition,57
0℃)2)).
However,t
hereactivitywi仙theMncomplex

increasedwiththeaddi也onofCuO.
3
.
2AnaIysisof廿1eevolvedgas
3
.
2
.
10uantitat'Neanalysis oftheevolvedgas

duringtheisothermaldecomposI'tion
TheevolvedgasbehaviorfortheMgcomplex

correspondedtothetendencyintheDTAcurve,
andmainlyN2,NHS,N20,COand
CO2g
asesWere

evolvedduringthedecomposition
6)

･Further･

morqthekindoftheevolvedgaswasunchanged

forthestoichiomebricmixturewithvariousoxi-
dizingagents
12)
･
Thesametendencywasseen
intheZ
.
nandMncomplexesbasedontheTG-
MSanalysis;theseresultsarenotshowninthis

report,
becausetheywereconsistentwiththe

tendencyintheMgcomplex
)2)
･Fort
heZnand

Mncomplexes.Figs･2and3show.r
especdvely,
theamountofthegasevolvedversus也medur-

ingtheseisothermaldecomposidonsat260℃.
Carbonmonoxideandcarbondioxideevolved

aftertheevolutionofthegasesincludin8the

nitrogenatomexceptforN20g
as,suchasnitro-

冒
)切
S
O T

一

t1
6
7
0
き

0
20

40

約

8

0 2040
Tlme(minl 60 (TOuZ＼TOtVJ

p8̂TO>05eb30■t

ZttOuV◇;velghtloss

｡川 20. i,!琶

芸…: 芸……る"4■●;N2′Fig.3Amountofgasevolvedat260℃fo

rtheMncomplexTable3Amountofga
sevolvedat260℃ forlhour (unit:mol/mol)

Gases
Mixtu res

MgCDHMgCDHMnCDH

N21.99
1.962.
98

NH3I.891.85
2.32

Nt12NH2I.461.
491
.6
4

N20 0.750.701.
12

NO…0.
00110.
00070.
0023

CO0.05
0.290.52
CO芝0.75
0.812.28

Nnumber10 .291
0
.
1513.8

0% 73.5 72.5 98.6Cnumber 0.80

1,10 2.80% 26.7 36.7 93.3'MCDH-Mg(C

DH)3(NO3)2.M-Mg.Zn,Mngenandammoniagase
s･N20gasevolvedaftertheevolutionofth

eothergasesincludin島thenitrogenatom.andtheevolut

ionofN20wasthoughttobecausedbythed

ecompositionofthenitrate.meevolvedam

ountofallgasesduringthedecompositionoft

heMncomplexwaslargerthindlatfortheMgand
Zncomplexes.Table3liststheamountofthe
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decomposedat2600cfor1hollrRg.4Fractionalevo

lutionofgasevolveddur-ingtheisothermalde
compositionat260℃

fわr1hourIhour,andFig.4showsthere

sultsinTable3withconvertingtheamountoft

hegasevolvedintothefractionalevolution.ln

thistable,theresultsfortheM8COmplex

ofCDHarealsoshown,becausehydraZ:inewas

notanalyzedinthethirdreport.Themassbala

nceofnitrogenandcarbonatomsinthegaswas

fairlygood,above90%･fortheMncomple

x_mightbemoreunstablethantheothercomplexesofCDH,as reportedintherlrStStudy.The

b･actionalevolu･tionofnitrogengaswas42.6%

evenintheMncomplex.312.2Gasevo一vedu

ponignitingUndertheiso-thermaLcondit

ionsAt400℃ thedecompos氾onofthesamplepro

一gressedsorapidlythatignidonoccurred.Tab

les4and5showtheanalysisresultsoftheevolved

gasuponigni也onat400℃fortheZnandMncomplexes,respec也vely.Theamountoftheni

ltrogengasevolvedsignificandyincreas

edcom-paredtotheresultsduringtheisotherm

alde-composidonat260℃.Withtheaddはonoft

heoxidi2:ingagent,theamountofnitrogengas

in-creased.whilethatofammoniaandhydrazinedecreased.TYte

efficiencyoftheaddidonoftheoxidizingagentwhenusingKBrOS
Wasthelarg-estoEallsystemsinbothcomplexes.

Inthisaselthefracdonalevoldon

ofnitrogengas¶同S97.4%intheZncomplexand96.3%inthe

Mn㌔complex.Thelowmassbal

anceofthenitrogenatomwhenSr(NOB)2WastJSedwasobta
inedasaphe-nomenoncommon

tothethreecompI印 琴,Mg.ZnandMncompl甲eS･Sr(NOJ2didnotseem
tosuErICientlyreactwiththeco

mplexwhenusedastheoxidiZiingagent.Furtherhore,thel

owfrac



Table5TYleamountOfgasevolvedfortheMncomplexandmixtures
(unit:mol/mol)

Gases MixturesorTablel
MnCDH● (7) (8) (9)

(10)N2 5.18 5.62 6.74

6.12 6.53NHS I.74 I.29

0.28 0.97 0.8NH2NH2 0.66

0.24 0.011 0.09 0.09N20 0.21 0.00 0.00 0.16 0.09

NOx10~2 8.6 2.3 2.6 ー4.22

3.27NO2XlOJ 25.0 2.3 6
93 0.0 16.8CO 1.98 0.12

0.77 0.66 0.90CO2 0.68 I.85 I

.89 I.20 I.14Nnumber 13.85 13.03 13.88 13.75 14.25

% 98.9 93.I 99.I 89.3

93.7 ーCnumber 2.66 1.97 2.66

I.86 2.04% 88.7 65.7 88.7 62.0 68

.0事MnCDH-Mn(CDH)3(NOB)2wascause

dbyfixationasSrCO3.SrCO3Wasformedbythereac也on

ofSrOwiththeH20andCO芝decomposi也Onp

roducts,aspreviouslyre･ported7I･Theam

ountofNORgasevolvedfortheMncomplex,for
themixturesystemwithKBrO3inpar也cular,waslargercomI凪redwidlthtinthe

ZnandMgcomplexes,thoLJgh thecausehasnot

beendeteminedyet.4.CondusionTheevolv

edamountofallgasesandnitrogengasduring

thedecompositionoFtheMncom-plexwaslar

gerthan thatfortheMgandZncom-plexes,for

theMncornplexmightbemoreun-stablethanthe

othercomplexesofCDH,asre･portedinthefirststudy

.ThefractionalevoLu･lionofnitrogenga

swas42.6%evenintheMncomplex.Theamounto

fevolvednitrogengasduringtheignitiona

t400℃si伊Iificantlyincreasedcom･paredwiththeresultsduring

theisothermaldecomposidon,andthatincreas

edfurtherwiththeaddi也onofCuO.WhenKBrO3
Wasusedastheoxidiヱingagent,theamountofe

volvednitrogengasevolvedwasthela樗estOf

allthesystems.KBrq3reactedthemostCOmPIetelywith thecomplexofCD

HofalltheoxidiZ:in卓agentsusedintheseexperiments. Reference1)Jia

n∑houWU,H.Yuzawa,

T.Matsuzawa,M.AraiandM.Tamura.J.Japan

ExplosivesSoc.,55.66(1994)2)K.Ichikawa,M.Ami,M.Tamura

andK.Waki,AnacademicmeetingofJapanExpl

osivesSoc.,1997(autumn),p873)T･bzum i,Y･Su2:uk

i,T.Okada,T.HasegawaandT.Yoshida,∫.J

apan血plosiv郎Soc.,56.248(1995)4)M.Akiyosh

i.N.Hirata,H.nakamuraandY.Hara,I.JapanExplosivesSoc.,57.238

(1996)5)M.Akiyoshi.N.Hirata,H.Nakamu

raandY.Hara,ibid.,57,66(1996)6)M.

Akiyoshi,Y.Imanishi,N.Hirata,H.Nakamu

raandY.Hara,ibid.,58.68(1997)7)M.Ak

iyoshi,G.Kinoshita,N.Hirata.H.Nakamu

raandY.Hara,ibid..58,258(1997)8)M.Akiyoshi,Y.I
manishi,N.Hirata,H.NakamuraandY.Hard

.ibid.,submittedForpublication9)M.Akiyoshi,Y.Imanishi,N.Hir

ata,H.NakamuraandY.Hard,ibid.,submitt

edfわrpubli

ca也on10)JISK009911)"An alyticalChem

i calHandbook",Maruzen(1981),P65012)"Ch



vol.I.pI-191(1984) master'SthesisatDepartmentofApplied

13)YasuyukHmanishi,Thethermalbehavior ChemistryinKyushuhstiuteofTechnoLogy,
ofcarbohydraZiidecomplexeiofmetal,a 1998

カルポノヒドラジド金属錯体硝酸塩の熟挙動(第7報)

一亜鉛,マンガン錯体のガス発生挙動一

秋吉美也子事,今西康之●,平田菅正●●

中村英国●,原 春歌●

自動車用エアバッグのガス発生剤として,か レポノヒドラジドの亜鉛およびマンガン錯体

を取 り上げ,その性能を評価する目的で,帯5報では酸化剤との混合物の熟分析,燃焼軌

燃焼温度や燃焼速度を甜定して考察した｡本報告では錯体単体及び過監素敢カ1)ウム,臭素

酸カ1)ウム及び硝酸ストロンチウムの酸化剤と両鈴体との混合物に一部酸化銅を加えた系の

ガス発生挙掛を比故検討した｡

前報に報告したマグネシウム錯体および今回の亜鉛,マンガン錯体の中ではマンガン錯体

が最も不安定で,全ガス発生量および堂素ガス発生丑が大きい｡

亜鉛錯体およびマンガン錯体に対する酸化剤の効果は臭素酸カリウムが最も大きく,低い

反応温度で激しく反応した｡また,窒素および二酸化炭素の発生量も最も大きくなった｡硝

酸ストロンチウムを用いた系では,窒素の発生宜は虫も少なかった粥 酸化銅を添加するこ

とにより増大した｡

(●九州工業大学応用化学教室 〒805-8550北九州市戸畑区仙水町 1-I

.…ダイセル化学工業(秩)技術開発センター 〒67ト1665兵庫県揖保郡揖保川馬

場80畠)

-334- 火薬学会牡




