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TYIermalI)ehaviorofvariousmetalcomplexnitrates(V)

- Cocomplexnitrates-

MiyakoAbyoshi●,NaoYamaguchiya,andHidctsuguNakamum

nethemlaHxhaviorofa)comp]CxnitratesofGITbohydrazideandamminc(herea什er,CoCDHandCoAM,

TCSFdivcLy)wasinvesLigatcdwhcnmiXcdwithtwokindsofdleOXidizingagent,sot)ntiumnitrate(heTmAcr,S-N)and

coppernitratebasic(hereaAcr,CND).

¶ledlCnnaJ由bilityofQ)CDHwasslight)ylowcrthaJlthatofCbAM,whileitstheTmal陀aCtivi吋WaShl'gher,as

demon加Iedbydle陀Su]tsordiqerentialdlenllalanalysis.Bothcomplexestmctedmore s加ngTytoCNBin

00mpahsonwithSrN･

NeiLhcrignitionnorbumingm rredinthea)AMISTNmixttm dl血gthecombustionexpenment.The

(bCDH･CNBmixtLJTeWasdtcmosteasilyigrlitedofall血emixturtS.TkFXXhiveenergynecessaryforign軸 gdle

mixtuTCSexceptforthe(bCDH･CNBwasthou91ttObeo伝氾tbymc)lingandendothemiCTCaCtion･

hTt:gaTdLocombtJStionmctivi(y,theO}CDH-CNDmixturewasdlOudlttOtXdlemoste触 iveasagasgenetant

becalmOfitssmallp陀SSureeXtXInentandlowbtJmingtemperattJJY.TTIeCoAMcomplexdidTtOteasilyreactwidldle

twokindsofoxid出ngagenttd hthisexpenmcnL,n肥 SSitatingtheadditionofaTLOthercom叩 ntino血 to

imp10VCthercactjvity･

IndleCoCDHcomplexmixttJJtS,dletJSeOfCNBasanoxidizing喝印tCOnSiderablyreduceddlegenemtjonor山e

NOxgas,dlilethegenet7LdonorCOgasincT血 duetodlCtempemttJrerduction.FordleCoAMmixttJJT,a

Tt!hdve]yhighamountofNOxgasesweTegenemted,becaLJSethecombLLStiontemFm ttJTeWashigh.ChdleOtherhan4

CO田SWasnotgeneTated..

1.Introduction

Rccently,aulomobilcs so)dinJapanaJteqtJipFd with

airbagsystcmsforsafcTd血血g.Anon,azidegasgencraJltaS

asutditdeford iumazidehastmnstudid,andtcb7LZOle

dcrivativcsl),tJTW Ic:)andazodicarboamideD,wcrclbe

subjectsofthisstudy･

TTIcauthorsevaluatedthemcta]complexesofo喝anlC

00mfDunds,whidlarcCOm叫 ofmanynitrogenatoms,as

thenewgasgenemnt･lnpreviousrcpoTb4トL:),thethcmla]

d∝om押SitionkhaviorofmeLalcomplcxcsofcaJtX)hydJILZide

wasinvesligatcd.

lndlisTeTX)rLthe0)00 TnPlexnitmlcsofcaTtXdlydlaZide

(Q)(NH!NHCONHNH!)1加o)2,∝ DW weresynthcsお4

andthethermalbehaviorwasinvesligaLcdinamixedsystem

vn'thtwokindsoftheoxidizingagent:Strontiumnitrate
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(sr(NO3)2,SrN)andcoppern]'tratebasic(Cu(OH)(NOB),
CNB).TTteLhemlaIbchaviorofdtescmixtll陀S WeTC

00mpaTedwilhthatoflhcmixttmofdleQ)ammine00mplcx

njtratc(a)(NHJ6加oJ,,chAM)abeadyinLJSC.

2.Experiment

2.1Reaeents

CbO Hwassynthesizd basedonthemcthddescnM

bylvanovctal.)3) FortheChAM,Q"mminecomplex

chloridewassyntJICSizcdbmcoba)IchlorideandaqueotJS

ammonia,andthehydrccMoridewasthen00nvc佃dintoLhc

nitTatC川.¶eobtained complexeswereidcndfiedusing

elcmcntalan?1ysisandFX)la血edlidltZCmanatomic

absorptionspe ctromctryduetotheirinsolubilityinwater.

¶lCSTnitrateoftheoxidkingagentwasWakopure

chemicalTtngentgrade.lbe 00耶 rnitralCbasicwas

synLhcsizedrcftrringtothemethddcscnM inGemc)in'S

handbwkJS)･ReagcntsscTeenCdtouldcr63pmweremixed

fursixtyminutesuslngSPliuabLechopsticksonpaTChmertt

paper.ScveTaJkindsorsampleswerePnPaTCdbymixing:a
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stoichiometrkcompositionandarcw00mpositionseach

withFXBiLiveandnegativeoxygcJlbaJanccsbasedoncqs.1to

4.TableIshowsLhcsc00mpositions.

15CbCDH+22Sr(MOS)2
-5払10.+22SIO+127N!+45CO!+135H:0 (1)

270)CDH+44cN3

-9Cb30.+88a+211N..+81CO2+309H:0 (2)

300)AM +Ssr(NOB)2

-10Cb30.+8sro+132N!+270H:0 (3)

2701AM +8CNB

-9qOl+16Cu+(251/2)N!+255H:0 (4)

2.2Apparatusandmethod

2.2.1ThemalanaJysis

｢mediqcrentialtJlennaIanalysisandtheTTICmla)

graviJTKbicaJtalysisweTeCaJTicdouttJSingaRiBaktlTbcTTrn]

AnalyzcrTTlemlOPltJS.neSamPIc00ntainerwasannlumina

∝ltaJldthesampleamountwaslhrcemg.Thesamp]cwas

heatedto且oo℃ ataheatingmtcof20K/manundcrAL

2.2.21gnitiontest

TTleignilioTlteSIwascardedotJIa∝odingtothcc71)uP

mcth∝lt̀'･8mgofthesampleoftheFX:1)ctwasputingrass

vessclof250mlcapady.Tlleignitiondclaypcrid was

measured.

2.2.3Combustionreactivity

heheatofthereactionwasmeasud LJSingaShimadzu

CA14TypeALltOmaticBombcatodmctcrina喝on.TllC

TCSultsoftheinvestigationatambientpzcssuTeShoweda
vadationinthemeasuredvaluesof3%to4%Overtbc

prcssuTeTaJlgeOfI.IMPato3.1MPa.Acaseexislcdin

which no 00mbuslion ∝血 deFX:nding on the

compsitionat0.IMPa.

¶1cmeaStJTementOfthebtlmingratewascarriedotJtunder

thcfollowtns00nditiorLS.ApICliminaJytnVCStiBadonshowd

thattJlelinearbumingrateinthedlCOZCdcaJdensitymngeof

0.65100.70decreasedasthedleOTCぬIdensityinqcascd,

whiletheweidltbumingratewasindcpendettLofthe

thcoTt:tjcaldensity.Jh .whendlCdiameterofthebLming

tubewas6mm.dlebtJmingTaleShoweditsmaximumvaltJe.

Table1 CbmpositionSOfmixhres

Cb00mplex/oxidizingagent OxygenbahJtCCg(loo且)~1mot′mol wL

′WL∽ H STN 0.441′0.559 0.628/0.372

-2.660.417′0.5&3 0.605′0.

395 -0.850.405′0.595 0

.594′0.407 00.395′0.604 0.

583′0.417 +0.820.375′0.625

0.562′0.438 +2.38C"B i 0.397′0

.603 0.554′0.446 -0.980.386′0.614 0.542′0.458 -0.32

0.380′0.620 0.536′0.463 0

0.375′0.625 0.531′0.469 +0.3

10.365′0.635 0.520′0.480 +0.92ChJM S

rNトCNB 0.857′0.l43 0.908′0.0

92 -2.510.811′0.189 0

.876′0.25 -0.870.790′0.21

0 0.860′0.40 00.769′0.23

l 0.845′0.55 +0.780.732′

0.268 0.817′0.83 +2.260.844′0.156 0.887′0.13 -2.74

0.818′0.182 0.867′0.33 -

I.780.794′0.206 0.848′0.152

-0.870.77l′0.229 0.830′0
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Q)nsequendy,LbcsamplewasloaddatO･60fthethcoTt:tkal

deTtSityina6mm i.d.alumiJlum tutX.¶lCPressure

dependem∝ w asmeasud overapTeSSuモTangeOfO･lto4･l

MPaandtheinfltlettceofthecompdLiDnOnthebumlngrate

wasinvestigatedatL･lMPa.Thebum]ngratewas

determinedintermsoflhctimethatwasneededbrthe

combtJStionwaveloI-肥 ed10TTtm･

¶lebtJmlngtemFX:mturCWasalsomcasupxltJSingthe

sametheo柁ticaJdettsityartdtutxdiameterasthatusedbrthe

measurementofthebumingTats.A0.25mmdiamctcrW/Rc
●

theTTnCN3)uPIcwasverI血llyinsededintothebumlnBtube

againstthecombLJSdondirectionandwas00nnccted toa

YokogawahokusinnAnalyzingRe00fdeL

llc00mbtdionresiduewasa血 yzedbyX-raydiLhction

LJSingaRigakuTt)tar)exRU-200･

2.2.4Theevolvedeas

¶leevolvedBases,PrDduccdwhenthehealofreadion

wasmeasu血 ,werecoll∝tcdina00lIectionb喝(lldhrb喝

350ml叩 City).TTteamountsOfN:,CO,ColandN:0

gasesevolvedw肌qLJantificdtJShgaShimadzuGC-4CGas

chTt)mak)graph (hcrcaAer,GC).ThblC2showslhc

TTleaSLJrementCOnditionsfoTtheGC･刀leNOaJldNOZBases

WCTCqtlantitativelyanalyzedusingab stecgasdctccbrttJbe,

TlleW 3andN2H4gasesWe陀qLJandfiedusingtheindophenol'S

'Tdd lD (A-630nm) a'd 触 pamirKkrddehy血

mcthodJB) (A-458mm).TCSpeCtivcly.

3.ResultsanddiscLISSion

3.1Thermalanalysis

FiB･lshowstheresultsofthethermalanalysisofnICDH

atldCbAM.TTle0)CDHstaTtCdtomeltat2L0℃,andthen

血00m押 edexothermalLyat250℃ aRerthecndothermi亡

dccomposition･¶ccbAMcomplexwass]idldyrnoTCStable

thantheCbCDHbecauseoramderatelyhighermcltinB

pint(220℃)andini血ItemperatureofexothermJ･c

dc00m四Sition(275℃).¶etherd 陀aCtivjtyofthe

CbCDHwasguessedtobchjdlCrthanthatoftheCbAM

00nsidc血g theweidllloss during theendolhcmic

dccompsjLion･Thehalrcst'duc wasCb304,WMchwas

con6rmed usJ'ngtheFX)WderX-raydih ctionandtheGnaI

wei91Llos .

FJ'g･2showsthercsuILsofthermalanalysisoftJleCbCDH

aTtd I.tSmixILJTCS atthe stoichiomc什ic conlPOSition,

TCPTCSenta(jvely･ForlhcmixltJrewithSr(No..)Iofthe

oxjdizjngaBenLtherewasa]jLdcdiffercnccinapparent

lhermaltdavior00mparedwiththatofonlytheconlP)ex(as

Table2 GaschTOmatOgaPhconditions

Gases N2,CO N20,CO

IqIlumn mokcutarsievcs5A a亡livaled亡har

coalParticlcsbc 60-80mesh 60

-8OmeshLeng

th 2m 1mTe

mp. 40℃ 40℃Chrricrps He,20m伽in.
He,
60mJ/m

in..OXHIL『1.Opu凹

l----
TG

~

ヽ Coc°l

IPTA --------
----● l - I

t l ■-
---̀~ヽ CoAMTG

DTA I

II

--■--1■- 一一■ ■■■■■-I-
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JssoT)も!aA00川0
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Fig･
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complexmixturesseeninFig･Ⅰ)Ith ghthesepaJatCd

peakbeamethesharpone.¶eunrcacliveSr(NOB)

2WaSfoundtode00m叩 党a1560℃.TT)emixtu陀withm stancdto

TtnCtat190℃txb rethemclting･Ontheotherhand



64 Sci.andTech.EnergeticMaterials.VoL64.No.2,2003

exothermicICaClionwas00nfmedbytJSjnglheCNBasthe

oxidizingagentTTtereactiv舌lywiththeCNDwasexpcctcdto

beh砂erthanthatwithSr(NO3)?inbothcomplexes.

3.2HeatofcombsutiDn

Fig.3showsthecomJX)Sitiondependenceoftheheatof

TtnCdon.TlleCOmPSitiondcFX!ndenccwassmallinall

systems.TlleSmall00mposilionrangewasconsideredBobc

oneofthereasoTtSforthk,beausethe0)AMmixttJredidn't

especialLyigniteinthewide00qx)sitionrangc･Fjg･4shows

theXm pauemsofthecombtJStionresidueatthe

st∝hiometriccomposition.h themixttJJTwithSr(MOS)2,

varioLJS00baJloxideswefe00n血mcdandOゎ03formedIke

comFX)SiteoxidewithSrO.OntheotherharLd,a)0was

00nfimledonlyhthemixturewithCNB.SrCO3Was

producedbythereactionofSrOandCol.

htheChAM-m mixluJT,theheatof80mbustionhada

maximumvalueat-1.776g(loos)~loftheoxygenbalaJICC.
TTtiswascausedbythefbrmcdoxidewasnottx:ing恥 04

but0)0.nestoid血mcbicequationwassetupassuming

thatlhcresiduewasCb304,COn丘m d duriTtg the

de00mposiliorLattheheatingrateof20K/min.;eqs.1to4.In

thissysterrL,thecombLJStionrcactiviLyinatubewas

invcstigaledforthe00mpositionof-1.776g(1009--,as

descnM laterinsection3･3･IJlallsystenlSeXCePtforthe

DAM･CNBmixture,itwasunkT)OwnWhetherLhcheatof

00mbustionreachesitsmaximumvalueatanyoxygen

balancebecauseofasmallcompositiondeperLdencc.Tbc

heatofcDmbtJStioTtinthebCDH-m mixtutchadthe

sma)testvatucofallthemixtures.

叫
fP
O
!
)Snq
u
O930
7tZaH

4000

3500

3000

_3 -2 -1 0 1 2 30xygenbalance/g(loo基)

-1▲ cocDH/SrN●coCDH/CNB△ COAM/SrN O CoAM/CNDFig3 Heatof00mbustion触･the(bcomplexmixtures Fbdhernor

e,forlhcG)AM mi xturcsystem,anintense

amrnoniumsmcuwasdeteded

inopeningthepTCSStJTei)r∞fcombustionvessela触rthe

endofthecxpenmeTtt.llesesystemsdidnptsccmLobumco

mpletely.3.31gnjtiontemperatureFig･5Showslhcrc

LadonshipbetweentheJ'gnitiondelayperidaJldthetemperattJr

eindleCbCDH-CNDmixtu托,aSarepresentativecxample.TllC

mhimumlgniliontempemttJreandtheignitiontempem

tuTeina4sdelayislisledinTab一e3,irLWhichtheac(

ivccne唱yOftheignitionisalsoshownNolgnitionoccumdinlhcbAMSTNmixtLJrC.TT]eminimum

lgnilio ntemperatureT mjnintheCbCDH･SrNmixttJTe

hasahidlValue00mpaJd

with theini血JtemperattJTeOr普亡4>●■■

己ト=== 工 .･･ ･. ｡1 A.I.
1



cxothermalreaction)'nthePTACUJVC;250℃Q;jg.2).Inlhis

system,tJleSoundwiththesamplemeltiJlgWasCtCar)y

headbeforetheignition.TTtcmatc血liglitesbyapplyI'ngthe

new ene唱y斤omLbcoulside･TlleFKXSitivccne喝y

neq fortheignitionwasassumedtotn outbythe

meltingandtheendothcrmicrtnction.Asimilarphenomenon

wasobservedalsointheCbAM-CNBmixture.

InacompansoTIOftheoxidizingagertb,themixturewith

CNDwaseasierto暮gnitc舟omthaLwithSrN.Tllea)AM

mixturetJSCdalreadyin act血loperationwasdifRcu)Ito

igniteinatwo･00mponcntsysICm00mPdscdofsimptc

reducingaJldoxidizingaeent･

3.4CombtJStionreactivity

FiB.6showstheprcssuTCdcfX:ndcnccofthebumingrateill

th柁8mixttJJtSeXCCPlfortheCbJM,STNmixtutt.No

igtitionandcombtJStion00 m ¶dintheQ)AMISINmixtun.

Table4listslhc叩 SSu柁CXPOl1enLcalculaLcdbasedon

ⅥeillelseqtJation(VdPn)andthebumingtempeTatLmat

thestoichiometriccomposition･Thebumingralcal1･01MPa

showedthehigICStValL)CintheQ)AM{m mixtuTe,

bll仇柁dbytheCbCDH-SrNmixttJrCandthea)CDH･0ヾ B

mixttJJC.¶lCCbCDH一口ヾBmixttlreWasthudlHObc

advaJlbgeoLJSaSlhc伊SgeneraJlttm uSeOfitssmall

SP
uJ!一
u
O
S一.己
叫Ⅰ

1.6 1.8 2 2.2

20100 ■ l ■ ー ● 一

●

○

&

..一200 300

40Temper

atuTd℃FiBS IgnitiontestforLbe(bCDH-m mixttJn

一
亡
t

tJ
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65pTeSStJTeeXPnentandlowbumingtcmpcrattJre.ll

ca)AM00mplexdidTtOteasilyreactwiththetwokindsofoxi

dizingagentusedintJlisexpe

nmcnt･ARon-stoidliometric(bOfonncdduringthede00mFK

EitionofthecomplexmightcatJSeatSOthedi飴TCnCe

inthecombtJStionreactivity

t9)･4.Gasevolutionbeh

avior.Tab]e5liststheanalytica)multsofthecvolvcd

gasesdu血g00mbtJSlion.TTtcQ)AM･SINmixturedidnot]

gnite.The CbAM<m mixturc did notgcTtCra

le thecaJtK)n.00ntainingColgas,aspICdictedbmthemol

cculaTfomluhof0)AM.HowevcT.itisncccssaJYtOaddataJ

TDdler00mpTtentduetothedimcdticsofiglitionandbumi

ng,asalready

desmM .N2andCO:gasesacmtntforabout99%ofalle

volvedgasesintheCbCDHmixtwcs.UsingtheCND

ofdleoxidizingaBent00nSiderablylduccdthegcncTation

ofNORBaS･TtteevolutionorNOgasintheCbCDH･CNもmixttJJt

川
5

㌔ut

uJa
lC
J
g

u!uln中 1 2 3 4Pressurenn a

●CoCDH/伽 ,▲ cocDH/Sr即Q3k

,OCoAM/CNDFigBlk bml血唱
d打aCtFbticsforぬCocomp)exmi

xttJrCSTable3 Ⅶdouschara

ctedsticsjntheignitiontestT,nh/℃ (See.)I TIJ℃ AE/kT(mo])-)a)CDH

/SrN 324(24.1) 372.3 75.6a)CDH/CNti 182(26.3) 266.8 38.3

c
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Table4 Q)nstanLsofthebtJming柑LLC

a)mplcx Oxidizingagent ー a ∩ BumingtemperattJr

e/℃CoCDH SrN l.729 0.4
10 1300CND 0.884

0.305 1170CoAM CNB

0.197 0.410 1360TableS ¶leamount
Ofthecvolvcdgases(unit:moVmoI-c

ompkx)CoCD

H CojMSrN

CNB CNBN2 8.3

8.3 7.4NH3 ≒0.0

≒0.0 ≒0.0N2H4 ≒0.0 ≒0.0 ≒
0.0NO 412.0×10ー4 8.7×10~4 61.9×10-4

NO2 I.2XlO-2 ≒0.0 ≒

0.0N20 0.0 ≒
0.0 ≒0.0HCN 1

.4×10~3 ≒0.0 ≒0.0Col 1.8 2.6 0.0
CO 0.08 0.26 0.

0NTlumber

16.7 14.8 9.0% 98.4 94.7 96.9Cnumbcr 1.9 )

.38 -% 62.7 95.3 -Ⅵ伯SSlidlt00mPaJd withthati

nlhca)AM-CNDmixttJre.However,theBCnCralionofCOgashcT

eaSedduelotheTductionintempcrattJre.AreductioninCO

gasisrequiJdinthefuturc.TTletowmassba)anceofCmoleculeswasdtJCtO

thefoTmation

ofSrCO3bylhcTeaCtionofSrOandColintJICmi

xturewithSrN.5.ConclusionA new gasgcneraJlta)compl

exnitratesofthecaJtX)hydrazidc(CbCDH),wassynth

eshed,arLdthethcTTnalbehaviorwasiJIVeStigatedinamix

cdsystemcomposedoftwokindsofoxjdizi喝agent:St

rontiumnlhte(Sr(NOB)2:SIN)aJtdcoppernitratebasi

c(Cu(OH)加OS);CNB)･Tllethermalbehaviorofthesemix(LJrCWaS00mpaTC

dwiLhthatinamixturcoftheQ)ammine00mplexnitrateus

edinactualoperation.¶lelhcmlalstabilityofQ)CDHw

asloweralidothaTtthatofCbAM,whileilsthcnnaJre

adivitywashigher,asdemonstTatCdbytheresultso

fthediqerentiaIlhctTTulanalysis.B

oth00mplexes reactedmoztlsbt)ng)ywhencontaining

CNDincompansonwitTISrN.Ncithcriかilionnorbumin

go∝urrcdinthea)AM･SrNmixLu-aduringthecombustioncxpenment.TTleminimum Ignition tempemtu陀 i

n themixtureexccptfortheCbCDH-CN芯hasahJ'ghvalu

eofappTDXimaCely loo℃comparedwithLhcinitialtemperature

oftheexolhemlalreactionintheDTAcurve.刀lePOSi(iv

ecncrgynccessaryforthejpjtionwaslho嶋httobe

o蝕 tbycndothermicTeaCdonssuchasmeltingandendothermJ'cd∝om

PSition.TlleQ)CDH-CNDmixturewasmosteasylotx:

ignitedI-nailnlixtures.ITtrCgaTdtocombustiot

tTCaCtivity,thea)CDH･CNBmixtureWasthoughttobethe

mostc飴diveasagasgenerantbecauseofitssmallpl

eSSuDe eXFX)nentandlowbumi JIB tempeTatuJC.TllCCbAMc

omplexdidnoteasilyreactwilhtJIChwokindsofoxidiA

mgascntusedillthisexpedmerlt
,neassitatingtheadditionofanolher00mpnentto血cilitat

eignitionandbuming.NlandCOLgasesaccountfu

rabout99%ofallevolvedgasesintheQ)CDH00mplexmi

xtu托S.UsingCNDasanoxidizingagentCOnSidemblyTd uced

theg印CTationoftheNOxgas.HowevertJlegenerationofC

OgpiJICreaSedduelothetempcraturcreduction.¶leCo

AMmixturegeneratedaconsiderableamountofNOxgasesduetohighco

mbtJStiontemperature,LhoughCOgaswasnotgencr
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種々の金属錯体硝食塩の熟的挙動(第 5報)

-コバルト年俸稀敢塩一

秋書 美也千°,山口屋 奈緒●.中村 英嗣●

カルボノヒドラジドならびにアンミンのCo錯体硝酸塩(各々CoCDH,CoAM)の熟的挙動を酎 ヒ剤混合

系にて比較検討した｡酸化剤としてはsr(NO,),, CU(OH)(NO,)(SrN,CND)の2種類が選択された｡

示差熱分析より,CoCDH錯体の熱安定性は,coAM錯体に比べやや低いが.熟反応性は高いことが推

測された｡両錯体ともに酸化剤としてCNBを用いた方が熱反応性は商かった｡

着火性は cocDH-CNB混合物が最も良好で,CoAM-SrN混合物では着火,燃焼しなかった｡cocDH

-cNB混合物以外の系では,発火に必要なエネルギーが融解や吸熱反応により相殺され 着火Lに(くな

ることが推測された｡

さらにcocDH-CNB混合物系は燃焼速度の圧力依存性が小さく.燃焼温度が低い結果が得られ.ガス

発生剤として有効な性質をもつ組成物であることが明らかとなった｡coAM 系駄 本実験で使用した2種

類の酸化剤との燃焼反応性が低い結果で,反応性改良の為に第三成分の添加が必要であると考えられる｡

燃焼時の先生ガスはCoCDHICNB混合物系ではNOxガスは低減するが,燃焼温度が低いためにCOガ

スが増加した｡coAM混合物では coガスは発生しないが.燃焼温度が高いためにNOxガスの発生は多

い結果となった｡

(●九州工業大学 工学部 応用化学教室 〒804-8550北九州市戸畑区仙水町 卜 l)




