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Effectofmetalcomplexcatalysisoftetraaza-(14)-anurene

onthethermaldecompositionofammoniumnitrate

andammo山umpercuorate

Hidet8u即 NAK如けURA●,MiyakoAXⅣOSHl●,Ⅹ且2:unOriSAKATA●

andYa8utakeH瓜

Thee血 ctofvariotJBmetdcomplex cataly8t80ftetraaZa･(14)･8Jlu用neOnthethermalde00mp -

8itionofammoTdumnitrate,Ammomium perchlorateandaSolidpropelbntoontai血ngamEnOnitn

perchlorate aBanOXidizerw88Studiedl吋thermalazdySiSandburningratemea8urement8.The

fouowingreOultSWereObtained_

Ametaloomplex,wtdchhdironorvanadium a8aOentralmetAmciorL8howedhigh activity

duringthethemaldecompositionofammoniu皿 nitrate.E8peCiAuy,thiBactivitybecamehigh

whenchlorideandperchlorateionswerecx)mbinedwithironorvanadiumionB.

Ironandvanadium catalyさt88180lmdhigh activityduringthethermaldeoDmpO8itionofammo･

niumperchlorateandit880hdprqpenant.Forthe801idpropelhnt8WhichoontaimedinnoryAna-

diumcotnplexe888CablyBtB,theburmingrateincrea8edby1.6time8andtheirniJldexdeqeaBed

to80%comparedtotheburningexperinentSwithoutacatalystatapr朗BureOf5.0MPA.

1.lntro血ction

TherehiLVebeenawidevarietyof8tudie80nde-

compo8itioncataly8t80fammordumperchlorate

(NH4CIO一;AP)andburningcataly8t80rAPcontain･

ingoompoBitepropelhnt8,eventhoughba8icorprac･

ticAltheywere.Forexample8,JacobBetal.zmd

Solym oSiSummarizedtheactionofmetalhcoxide8,

oxyacidB,haLide8and800mり12).withreprdtothe

decompositionc8talyBt80f且mmOniumnitrate

(NH-N08;AN),wtdchAreextensivelytI8eda80Xi-

diZerBOrindu8trialexplo8iveBandpropeuant8,there

hvebeenmanyreportsWhichwere8ummad五ed

hyUrbanBki3).

Iti8Wellknownthttheactivityof80lidcatdyBtB

are8i宅れ追 払ntb,innuencedbytheirmethodofprepか

rationorrawm8teriAlB,becauseCatdyticactivities

arecontrolledby8ur血00propertie88udlaB8u血ce

Area,8ur血 cO8truCtureAndinpuritie8.ESpeCiauy,
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ametallicoxideiJlBtrOndyaffected.becauseitmay

becalCinedorgrounddtwingpreparation.Inthe

caeeOfthecatalyticACtivitie80rmetallicoxide80n

thethermaldecompo8itionofAP,Solym o8ireported

8discrepancyintheorderofactivitieBOfmeblhc

oxide82).

Inthi8paper,theeLrectofvariou8metalcomplex

catalyBt80ftetraAZA･(14)･anureneOnthethermal

decompo8itionofammoniumnitrate,AmmOmitlm

perchlorateand80lidpr叩euAntCOntmi gAnmO-

niumpelt:hloratea8anOXidizerwa且Btudiedbyther-

malanaly8i8andburningratemeaBurement8.

Moreover,theorderofcahlyticActivitie8withre･

富ardtometal8pCCie8WerealsodiBCuBBed.Cata-

1y8tSusedarethecomplexesWhichcoordinateme･

taJJicBPeCie80ntheoentralp8rtOrthetetraam･(14)I

anurenhgand.The8eCatAly8t8takethefom ofa

powder.Themostimportant8dvantaP8forusing

thesetypes0fcataly8tBarethAt(1)compatibility

amongphyBicalpropertieoJluCh88partide8i加,mOl

lecularweightandmeltingpointwitheachother

beCau8eOftheBtrOTlgeqeCtOfAhrgeligand丘eld

and(2)acapabilityofthchpnd'8action88anOXy-
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Tab一e1Propenantcomp08itionStC8tedinthisStudy

Comple又

prop･iAl'
HTPB

14
84rIll
84:14
84】14

Mn･NCS

genCarrier.

2.Experhenta1

2.1Maten'als

Ammoniumnitrateandammo血u皿perChlorate

werepreparedbyrecry8talli2ntionofcommerdalre-

agent8bmpurewater.CompositepropenantBfor

bumingratemeaBu柁mentSCOJ旭iBtedofammonium

perchloratehavinganaveragepartideBiZX!Of200

LLm andhydroxyl-terminatedpolybutadiene

(HTPB)aBabinder.

Theformulation80fammoniumperchlorateoom-

poSitepropellantsareShowninTable1andthe

8truCturalformulaofthecomplexandtheligand

usedinthisexperimentareShowninFig.1.The

hpnd,nickelcomplex,iron00mplexanda)baitcom-

plexwere8ynthe8i乞edbyapreviou81yreported

method415)andtheothercomplexesWereprepared

byAmethod8imihrtothatpreviouBlyさtated.

2.2TherTnalanalysisandburningcharacteristicmea-

Surements

Themalanabr8飴 WereCarriedoutusingaRigaku

Simultaneou8DTA-TGAm ly班randaRigaknqh
Pre88ureDTAAndyzerwhichcanbeoperatedun･

derpre88uri2iedconditions.Smallcylindrically

さhpedaluminumcruciblesWereuSedinthiBeX-

perimentSWhichhadanintemaldianeterof4mm

めandaheightof5mm,andwere8ealedwithaalu-

minumODVerWhichhadanpin･holeatthecentezT_

HeatingratesWere20℃/mi nfortheanaly8i80f

ammoniumnitratemixture8and10℃/hh forazn･

moniumperchloratemixtufe8.

1gmitiontempemturewasmeasuredbytheXn岬p

methodunderanatmosphereofargon,u8inga

8ampleofabout30mgwhichhasadimensionof1

C2H5
LigandlC22n22N4H2,'RH2)51141dihydr0-7116-diethyldi-benzo【b.iHl,4,8,111tetraaヱa-cyclot

etradecine$ 5敬 :)MくN:3Y5conplextC22t!2

2N4M''RM)M=Cu, Co.NilMn･NCSIM

n･CIO41Fe･Cl,Fe･CIO4,V=OFig.1Structuralformu180fligandandit8metal

complexe8te8tCdinthi卓Studymmthidkne88and3mmX3mmw

idth.Theburningratetn

ea8urement8WereCamiedouttJBingachimneytypeSt.r

andbumerpre881血 dwithnitrogen.

3.ResuksandDiscussion3.1Effectofme

tzLlliccomplexesonthethermalde-composh'ono

fammoniurTlnitrateThermalanaly8iBe)申eri

nentBforammOniumni-trateanditsmktureBW

ereCarriedoutunderpre818urizedconditionsb

ecauseAmmOniummitrateevaporatesWithoutd

ecompo8itionunderatm0-8phericoDnditionB.Fig.2andFig.3ChowDm

ctmofammo血um 血trate,lipnd,metanc00mplexcata-

1yBtBandammoniumnitrateaddedwith10wt%mebmc

complexeatAly8tS.LigandBShowanendothernic

peakatabout230℃corre8POndingtoitsmelting(melti叩 pOi
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- I,T4Ll.NO,(1),Ml.t10'tJlth10;llSaTtd(2
)allJNtIJ10,vlthlo‡cdEalySt9(3～5

)--一一一;(2)u88nd.(3)RCU,(/･)1tCo.(5)抑I

Fig2DTAcurvt580fNHINOa,租talyBt8andNH-NO
Bwithcata

ly8t8underapreBBureOf5.0MPapuge(1)po

8ition.Thethermalbehavior80fmetalliccom･plex

e8are8trOnglydependentona(治ntralmetauicion

andarecla88i丘edintotwocAtegorie8.Onei8thecomplexwhichpvcrisetOanendothemi cde･

compo8itionSuch88thevanadiumcomplexShowninFi

g.3,andtheotheri8theoomplexe8WhichgaverisetOtheexothermicdecomposition8howninFig.2

and3.E叩eCi811y,bothmAngane8eCOmplexe8andironcomplexesWhichcoordinateperchlorateion

Showedcharacteri8ticfeature8inthemalbehavior.Thati8,theformerhadaLargeheatevolutionand

thelatterhadalowd∝ompoBitiontemperature.

Ammoniummitrateundergoesphasetran8itionB,

meltingat169℃ andexothermicdecompoeitio

naboveapproximately265℃ uponheatingunderpr

e88uri雄dcondition8.Additionoftheaboveme･ta

lhccomplexcatalyStStOammOmiumnitratemadeit8decompositiontemperaturelowerandit8eXOther･

micitylarger.Wh entheorganiccompoundBWere

addedtoammomiummitrate,a
violentexothermic
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でemperature(

oC)- ;Nll.NO'tJithlo∑cJ)talysts(6～10)
400---一一;(6)RHn･NCS,(7)Wtt

･C10..(8)RFC･Cl,(9)RFe･C10..(10)TtV･,

0Fi83DTAcuzve80fNR4NOa,Catalystsand
NH4NOawith

cataly8t8underapreSeureOf5.0MPagauge(2)

reactionoccurredatabout220℃ accordingtoa

mutualredoxreaction.Therefore,itCanbeunde

r-8tOOdthattheligandact8Similartoorga血c

com-poundsiftheyareaddedtoammomiumnitrate.

Metaniccomplexcataly8tBhavingCu,Co,NiorMn

-NCSa8aCentrdmetahcionshowedthe8ame

ther一malbelmvioraBtheligand.Although theMn-Cl

odcomplexit8elfundez･wentanexothermicdeoomp0

-8itionatabouttheSametemperatureatWhich

am-moniumnitratecommencedmelting,itcouldn

otcau8eSuchaviolentexothem icreactionjudging

fromtheamoun

toflowleveladditiona8intheseexperiment

･8.BothironandvanadiumcomplexesShowedare-

marknblecatalyticeLrectduringthethermal reac･

lion.Theoxide80fironorvarLadiumSuchasF

e203andV205areknowntohaveaSlightcataly

ticeffectonthethermaldecompo8itionofammoniumnitrate6).Therefore,thecatabrticeqect80fironand

vanadillmincomplex軸WereODn8ideredtobeeauBed

K
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-;IM.NO'ulth RFe'C1

---- -;Nlt､NO}vlth RVoO
cAtAlyBt$levels;(1日 ‡,(2日王,(3)

5王byt'e1811亡Fig.4瓦Efecto

fcataly8tSlevelさOnDTAcurve80fNtI-N03wi

thCataly8t8hyeitherthereactionprodu

ctsformingduringthethernaldcoompo8itiono

fthecomplexe80rthemu･tualreactionoftheme

tallicionwithaliganda8afuel.Ftlrthermore,hviJ

qb*nknownthatthecata･lyticeffectofchlo

rideiononthethermaldecompo･8itionofam

moniummitrate,iti8COn8ideredthattwotype80fcAta

ly8tBWhich00ntainchlorideorper-chlorateion

88howedthecatalyticeLrectbecausechlorideion

i8formedbyitsthermaldecompo8ition.Inordert

ochri&thecablyticeqectofcomplexesindetai

l,the1,3,5wt%additionofcatalyStWaste8te

dintheaboveexperiment8.Fig.48how8theeLrectof

theamountofadditionofFe･ClorV主Ocata-1y8t

80nthethermalreACtionofAmmOniumnitrate.Itwa8foundfromthe8Cre8ult8thattheadditio

nof3wt%租taly8t8gaveanadequateeLrect.

3.2Effectofmetalliccomplexesonthetherma

lde-compositionofammoniumperchlorateA8intheca8eOfammoniumnitrate,theeqectof .OXH
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500- ;Nll-Clotvl亡hlo‡catalysts(6～10)
一一一一-;(6)Rh･MCS.(7)Wtt･C

10.,(8)RFe･C1,(9)RFe･C10●,(10)RVeOFig6DTAcurvesofNIもCIO4,Cataly8tSandNH4CIO一
withc

atalyBtSumderanatmosphericpre88ure(2)3.3E

fFectofmetamccomplexesonthetherrnalde-compo

sitionofsolidpropellantand'bdeflaqatjonFig

.78howedtheeffectofmetalliccomplexcatかlyBt8

0nthethermaldeoDmpOSitionofthe801idpro-peu

antさ.Ni-orMn･¢omplexe8hadnoiJtnuenCeOnthe

thermalreactionofa801idprope血ntaBinthecase

OfammoniumperCtdorate.AdditioTIOfFe-orV･印

mplex¢atalyst8tOthesolidpropehntB Cat岨edav

iOlentexothem icreactionimmediatelyaRerthepb且8etrans

itionofammomiunperchlorateduringheating.FiB.88how8there8ult80fburningratemea8ure-

mentSforthesolidpropellantwithandwithoutcata

lySt8underpre88uri2edcondition8.Theburn･i

ngrateincrea8edwithincreasingpre88ureand8howedalinearrelationbetweenthenaturallop

-ritlm ofthebumi ngrateandpre紬ure.TheNi-

conplexorMn･NCS-complexhadnoinnuenceonthedef

lAgrationofsolidprqpeuant8.AdditionofFe･C1

-orV=OICOmPlexesincreasedtheburningrateAbout60%atapre88tlrtBOF各.0MPa.
Therefore.
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Tatble2E恥ctofmetaloomplexcatalystsOntheig･
血tiontestOf80hdpropeuant8

30 40 50Ea(kJ/nol)60 70F;g.9LinearrelationshipbetweenEaandlnAin

theignitionte8tforthepropeuant8

withandwithoutmetalcomplexcataly8t8nentS,
Whichwereobtained血)mtheSlopeinFig.8,are0

.45-0.47forMn=NCS･andNi･00mplexe8,and0

_34･0.38forFe･Cl-andV=0-complexe8.Themechami

mofthecatalyticactivityoftheBemetal･liec

omplexeswasCOnSideredtoresemblethatofferroc

enederivative8Sucha8CatOCenebecauseOfthe組meeqeCtOfbothcatabrStSOnthethermalre-

actionanddefla町ationof80hdpropeuantS.Iti

sknownthatanArrheniu8typeequationde-scribedbyequation(I)canexistbetweendelaytime

tandtemperAtuZeTfortheign

itionteat.Lnt=EarRT-hA (1)The

obtainedEaandlnAareShowninTable2.Fig.9

Bhow8the泣learrelationshipbetweenappar･entactimtiOnenerw,Ea,forignitionandlogarithm ofpre･

exponentialractorAinthiseXperinent.Foranord

inarycatdyticreaction,acompemSationef-fect(ah

nearrelationshipt治tWeenaCtivationenergyaJldl

ogarithmofpre-exponentialhctor)frequentlyhol

d8iftherateconstanti8describedbytheA

rrehniu8equationandthereactionproceed8thro

ugh the88mereactionmedlami8m.Inthi8ex-perim

ent,forthecatdyticcombu8tionof80hdpro-pellant,itw88foundthattheSameCOmpenBation

eqectcanhold

a8inthecatdyticreaction.4.00nclusbnThee

ffectorvariousmetalcomplexcataly8t80ftetr

aam-(14)･anureneonthethem aldecompo8itiono

fammomiummitrate,ammomiumperchlorateandsol

idpropeuantcontainingammo血umpezchlorateaSAnO

Xidi2KtrWereStudiedbythermalanaly8iBandburrungratemea8uremen

t8andthefonowingre-8ult8WereObtained.A

metalcomplex,whichh8ironorvanadium a8ace

ntralmetallicion8howcdhigh activitydudngt

hethermaldecompositionofammoTdum血trate.E叩eCial

ly,thisactivitybecome8higherwhenchlo･rideandperchlorate

iolはareCOmbinedwithirDnOrvanadiumion8.Irona

ndvarLadiumcataly8tSa180havehigh activ･it

yduringthethermaldecompositionofammoniumperchl

orateandit8801idpropeuant.Soudpropel･lantS

Whichcontainironorvanadiun complexe8a8catd

yBtein crea8ethebur血ngratebyI.6tineBandthe

nindexdecrea8e8tO80%compAredwiththeburningexperiment8with

outacatalystunderapre88ureOf5.0MPa.Th

eadditionofFe･Cl･andV=0･complexeBin-cre

asedthebtmi ngrateabout60%anddeC托aSedthepre88ureeXpOnent8tO80%atapr

eSSureOF各.0MPacomparedwithnocatalyBtB.A

compen88tione飽ctholdsbetweenanappa柁ntac

tivationener野andlogadthmofpreやXpOnentialLhctorfo

rthecatalyticoombuBtionof80lidpropel･lankifanAm heniu8typeequationi8appliedtothe

ig血tionte8t血ta. References1)P.E.M.Jacob8,H

.M.Whitehead,Chen,Rev_,69,551(1969)2)F.Solymo8i,"Struc



HalogenOxyacidintheSolidPha8e",Jolm Inorg.Gum.Acta,98,Lil(1985)

Wiley&Sons(1977)p.195 5)KSakata,T.Am ouraandM.Ha8himoto,Inorg.

3)T.Urban8ki,"ChemistryandTbchnologyofEx- Chim.Acta,150,153(1988)

plo8ive8,Vol.27',pertEamOnPre88(1965)P.457 6)a.H.Koper,0.a.Janren,P.a.VondenBerg,

4)K Sakata,M.Ha8himotoandT.Naganawa, Explo8ive88tOq,8,181(1970)

硝酸アンモニウムおよび過塩素酸アンモニウムの熱分解に及ぼす

テトラアザ-14-アヌレン金属錯体触媒の効果

中村英嗣',秋吉美也子●,坂田-矩●,原 泰毅'

硝酸アンモニウム.過塩素酸アンモニウムおよび過塩素酸アンモニウムを含む固体推進薬の熱分解に及

ぼすテトラアザー14-アヌレンの種々の金属錯体触媒の効果を,熱分析や燃焼実験によって検討した｡

硝酸アンモニウムの熱分解には中心に鉄やバナジウムを配位した触媒が高活性を示した｡その際,鉄や

バナジウムに塩素や過塩素酸イオンを結合させた錯体の活性が特に高かった｡過塩素酸アンモニウムの熱

分解や過塩素酸アンモニウムを含む固体推進薬の熱分解や燃焼反応にも鉄やバナジウム錯体が高活性を示

した｡

(●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1-1)
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