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Combu8tioncataly8t80fDon-pollutantsolidrocketpropellant

Hidet8uguNakamura*,andMiyakoAbyo8hi'

Thethermalreactionandthecombu8tionofnon･pollutant801idrocketpropellantcontaining

aTnmOniumperchlorate(NH.C10.)wereStudiedbythermalanaly8i8,COmbustionexperiment8

andanaly8e80fthereactionre8idueinordertoclari&themechani8mOfcombustionofnon-

pollutant801idrocketpropellant.There8ult8Obtainedarea8follow8.

Ironoxidei8arepre8entativecatalystOfusual801idrocketpropellantcontainingammonitlm

perchlorate.Themechani8mOfthi卓Catalyticeqectwa台e8timatedasthattheformationofan

unstableironperchlorateinthecour8eOfreaction.But,ithadnocatalyticeqectontheNH.C10.

Sodiumnitrate8I(NaNO,)･Al･binderpropellantandNH.NOTAl/Mg･binderpropellantfromthe

experiments0fthermalreactionandcombu8tion.Thi8rea80nWasascribedtotheformationof

sodiumperchlorateandammoniumnitratewhichweremoreStablecomparedtoammonitlm

perchloratebecauseOfthedoubledecompoさitionbetweenammoniumperchlorateand80dium

nitrateinNHIC10一･NaNO{Al-binderpropellantonheating.Then,ironoxideorotheriron

containingcatalysthada180nOCatalyticeErectonsodiumperchlorateandammoniumnitrate.

ActivecarbonhadacatalyticeuectbothonthethermalreactionAndcombustionofNH-C10.

-NaNOfAl･binderpropellant.Moreover,pre的ureindexcalculatedfromVieille'sequationwasa

8mallvalueofO.43-0.52comparedtothatwithoutcataly8t.0Xide畠,WhichhadtheStructureOf

perovBkitetypea180.hadacatalyticeLrectontheNH.C10.･NaNo.,･Al-binderpropellant,though

itseLrectwas8mallerthanthatcomparedtoactivecarbon.

1.Introduction

Ammoniumperchlorate(NHICIOl)hasbeen

maiJllyuseda8anOXidi乙erOf801idrocketpropellant

inpracticalu8e.However,ithastheproblemof

producinglocal8Cidminoverthelaunchingdistrict

ando五Onedestructioninthe8tratO8Pheredueto

hydrochloricacidformation.Ammoniumperchlomte

Isodiumnitrate(NaNO3)Ialuminum(Al)-binder

(gly8idyl拡idepolymerGAPorhydroxyterminated

polybutadieneHTPB)(abbreviateda8NH.C104･

NaNO3･Al･GAPpropellantor8CaVengedpropel)ant),
ammoniumnitrate(NH.NOB)Imagnarium仏1/Mg

alloy)･binder(Ntl.NO3･AuMg･GAPpropellant)and
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NH.C10.･AIIMg･binderpropellant(neutraliZied

propelhnt)arecandidate8forachlorinefreenon-

pollutingsolidpropelhnt.Though thecombustion

ofthe8etypeOfpropeuant8havebeen8tudiedby80me

workersI-1),therearefewwhichevaluatedac8taly8t

forthepropellant85)･

Ironcompoundi8arepresentativecatalystOf

usualammoniumperchloratecontaining801id

rocketpropellant.But,themechanismofthis

Catalytice恥ctonthepropellantwasnotclearly

knowntillnow.Inthisexperiment,thereaction

mechanismOfironcompolユnd80nthesolidrocket

propellantwa88tudiedat丘rSt,andthentheeLrect

ofironcompoundcataly8t8Wa白e8timatedwith

regardtothecombtIStioncatalystsontheNH4C101l

NaNO3･Al･binderpropellant.Ath8t,80meeueCtive

cataly8t8WereprOpOSedforachlorinefreenon･

polluting801idpropellant.
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2.Experimental

2.1Materials

Thealuminumusedinthis8tudywasObtained

fromAIcoa.Inc.,intheUSA.It8particle8i2iei8

below5pmandthepurityi899.5%.Ammonium

perchlorateand80diummitratewerereagentgrade,

andtheirparticle8i2ie8Wereabout150l一mAfter

pulveri之ingandSieving.Theironoxidecatalyst

(a･Fe203)wa80btainedfromTbhoganryouKKand

itsParticle8iZiei8abotAt0.2pm.Thecatocene

catalystWasindu8trialgradeobtainedfrom

ArapahoeCo.Ltd.Lanthancontainingpemv8kite

cataly8t8Weremadefrom calcium nitrate,

manpneeenitrate,cobaltnitrateAndlanthanum

nitrate.Activecarbon80fACl(8peCCificSurface

area.'865m2/ど,averageParticle8ize;3.6pm),

AC2(1477m2/ど,1.8pm)andAC3(1516m2/ど,
30.9pm),wereobtainedfromMitubi8hiChemical

Corporation.

Tbelvetypes0fpropellant8Werepreparedu8ing

20.0wt.%GAP(orHTPB))a8thebinder,62.4wt.%

oxidizerand17.6wt.%aluminum,and0-5wt.%

CatalyBtBWereaddedtothepropellant8.

2.2AnBlysIS

ThermalanAly8e8Wereperformedu8inga

RIGAKUDTA･TG8imultaneOu8analyZier,inwhich

the8ampleweightwa白5mgandtheheatingrate

w8820℃/minunderanargongas8tream.The

SamplecontainerwasanOpenaluminacrucible(5

mmi.d.×5mmheight).

Aqualitativeanaly8i80fthereactionproducts

wasPerformedusingX-raypowderdi瓜action.

Aquantitativeanaly8e80fwaler801ubleironwas

performedu8ingUV･vi8ible8peCtrOphotometerfor

thereactionproductofthemixtureofammonium

perchlorate(90mg),catocene(10mg)andα･A1203

(200mg).Beforeanaly8e8.themiXturewa8heated

toagiventemperatureorforaglVentimeandthe

cooled8amplewasdi880lvedinloomlofdi8tilled

water.Then,this801utionwa合filtratedthrough

membrane丘lter(pore8ize;0.45pm).

2.3combustionexperiment

Thelinearburningratewa卓mea8uredforthe

8trand8formedina6mmx6mmShape.The

timeneededforthe40mmburningOfthe8trand8

wa8measuredbymean80fachimneytypeStrand

burnerunderpre88urizednitrogenrangingfrom

3to12MPa.

3.Rosultsanddiscussion

3.1ReactionmechanismofironcompoLJnd¢atalyst

oftheanmoniurnper¢hloratecontainingsolid

rocketpropeHant

Ironoxidei8arepresentativecatalystOfusual

AmmOniumperchlorate-containing801idrocket

propellant.But,themcchani8mOfthisCatalytic

eqectonthepropellantwasnotCleAnlyknOwntill

now.Figure1Bhow8there8ult80fthermal
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8mixturewithcatoceneunderattnospherica
ndpre8Surizedcondition

ofnitrogenanaly8e80fammOniumperchloratea

nditsmixturewithcatOCeneCataly8tundera

tmosphericandpre88uri2iedconditionofn

itrogen.UnderAtmosphericcondition,ammoni

umperchloratewith5wt%catocenecataly8tCau8edf

ourexothermicreactions8tlowertemperatureco

mparedtothatwithoutcataly8t.Underpre88uri

zedcondition,catocenealsoShowedcatalyticeue

ctofammoniumperchlorate

decompo8ition.FromtheX･raypowderdiLrractiono

fthereactionproduct,catocenechangedtoironoxideat400℃



Table1Fractionofwater801ubleironformationondynamicalheatir噌OfthemixtureorELmmO-

niumperchlorateandcatoceneuptoBoo℃

Tbmperature (℃) 200 230 260 280 300

lsolubleFe]/LTbtAIFe) (%) 0.8 8.t 19.4 27.6 1.I

Sample;NH-C101(9Omg).CAtOCene(10mg).cL･Alコ03(200mg)

Table2FrACtionOrWater80Lut)leironformation

onisothermalheatingofthemixtureof

ammoniunperchlorateandcatocene

Temperature HeatingTimelSoltlbleFeJILTbtAIFe
](℃) (hour8)

(%)240215250 1.

0 19.2

2.0 21.0

3.0 21.

86.0 1

2.73.0

49.01.0 52.5

6.0 56.2

10.0

0,1l.5 56.53.0 3.2sample;NH4C104(90mg),Cabcerte(IOmg).
lL･AhOユ(ZOOmg)
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But,ammon
iumperchlorat8With5wt%cEItOCene

catalystproducedwatersolubleironcompoundin

thecourseorthereaction.
Table1showsthe

fractionofwatersolubleironondynELmicalheating

up to300℃.MuchmorewaterBOlubleironw

asKayaku(;8kkaishi.Voll63.No･4.2002 produc

edoni80thermalheatingand56.5%orironin

caLocenechangedtoionicironcompoundonheati

ngforI.5hoursAt250℃(Table2).Thoughitw88not

identirledbyX-raypowderdiffractionorthereact

ionresidueinthecour8eOrthereaction,thisw

atersolubleintermediatewasestimatednBiron

perchlorate.Figure2ShowstheresultsOfthermala

naly8i80fironperchlorAte(Fe(Clot)lII6

H20).IronperchlorALehydrateunderwentApartial

dehydrationorwaterOrCry8tallizationatAbout60ccAndadecompositionwithdehydration

atAbout120℃.Fromthesere8111tS,itw88estimat

edthatcatalyticeffectofironcompound占wasascribedtotheformationofanunstablei

ronperchlorateinthecourseOfreaction ･
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3.2Reationmechanismofscavengedpropellant

Figure3showstheresultsofthethermal

analy8e80fammoniumperchlorateAndthe

mixtureofammoniumperchloratewith80dium

nitrateinair.TheDTAI,raceofthemixtureof

ammOniumperchloratewithsodiumnitrate

Showedtwoexothermsat3OO℃and560℃,and

anendothermat455℃.X･raypowderdiffraction

analy8eBOfthereactionresiduewerecarriedout

at.360and650℃.Thereactionresidueat.360℃

was80diumperchlorateandthatat650℃was

sodiumchloride.Theob8erVedweightlo8BOf41%

corre叩Ondedwelltothecalculatedoneor40%

accordingtoequation(I),inwhichammonium

nitrateformedwas888umedtodecomposeand

ga8ify:

NH4CIOI+NaNO3- NaC101+NHINO.1 (l)
ThisdoubledecompositionwasConfirmedbythe

factthattheobservedendothermat455℃,which

wa8aCCOmpaniedbynoweightchange,

corre叩Ondedtothemeltingpointoftheformed

Sodiumperchlor8tel'.Theobservedrlnalweight

remalnlngOf27%wasingoodagreementwith

thecalculatedvalueofthesodiumchloride

formationdescribedbyequation(2):

NaC10l - NaCl+202 (2)

Figure3138howStheresultsofthethermal

anAly8i80fammoniumperchloratewith5wt.%

ironoxidecatalyst.Unlikethecasewithouta

cAtaly8tinwhichatwo･8tepdecomposition

occurred,anmoniumperchloratewiththeiron

3 4 5 6 7 8 9lOPressure

/MPaFig･
4Effectofironoxidecatalystonlinearburn･i

ngrateorNHICIO一･Al･GAPandNH.C10一･NaNO3

1Al･GAPcompositesolidpropellantsunderpressurizednitrogen oxidecatalystunderwentani

ntensedecompositionat300℃.Figure4showsthe

reSult80fthelinearburningratemeasurementsf

oranammOrLiumperchlorate-aluminum-glysidyl

aEidepolymer-ironoxidecatalystandanarnmoniumper

chlorate･sodiumnitrate･fLluminum･gly

SidyltlZidepolymer-ironoxidecatalystCOm

pOSitesolidpropellantunderpressurized

nitrogen,inwhichthecatalystlevelwasfrom0

to5wt.%ort.heLotAIAmountOfoxidi2ier.The

linearburningrateofanammOniumperchlorate･al

uminum･gly8idylazidepolymercomposite801id

propellantincreasedwithincrea8ingamountofaddi

tivelevelandambientpreSSure.Ontheotherha

nd,theeffectofironcataly8Lsonthecombu

stionorthesodiumnitrate･containingpropel

lantwa卓differentfromthatwithout80diumnitrate;thati8,thelinear

burningrateofasodiumnitrate･containingpropel

lantincre88edwithambientpre86ure,butdidnot

changewithanincrea81ngAmountOfadditive

.Ironoxideisawell･knowncatalystforammoni

um perchlomteandammoniumperchloratecontai

ningpropelhntS.However,ith88noeffect

onthedecomp08itionofthemixtureofammoniumperchloratewithsodiumnitratean

dasodiumnitrate･containingpropellant.Inth

isexperiment,adetailedinveSligationwasnot

carriedotJt,butthemixtureofammoniumperchloratewithsodiumnitratedidproduce

asodium perchlorAteintermediate.Thi8intermediateWas

lessreactivecomparedtotheoriginalammoniumpe

rchlorate.Thismaybeonereasonforthedifference

inthecombustionchamcteriSticsbetweena80d

ium nitrate･containlngpropellantandthAtwit

houtsodiumnit.rate.3.3Effectofthecatalys

tonscavengedpropellantFigtlre5sho

wstheeJrectoflarLthancontaining･perov8ki

te-typeoxidecatalysts0nthethermalanalySi8

0rtheequlmOlermixtureorammoniumperchlorateand80diumn
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perchloratecontaining･801idrocketpropellantwas

ascribedtotheformat.ionofanunstableiron

perchlorateinthecourseOfreaction.But,ithad

nocatalyticeffectonthe8CaVengedpropellant

(NH.C10.･NANOl･Al･binderpropellant)anda

neutralizedpropel)ants(NH.INO3･Al/Mg･binderor

NHtCIOl･Al/Mg･binder).ThereasonOrthisfact

wasconsideredasfollows.Thati8,sodium

perchlorateandammoniumnitratewhichwere

moreStablecomparedtoammOniumperchlorAte

wereformedbecauseOfthedoubledecomposition

betweenammOniumperchlorateAndsodium

nitrateinNHIC10l･NaNO3･Al･binderpropellanton

heating.Then.ironoxideorotherironcorLtaiming

cataly8thad8180nOCatalyticeffectonsodium

perchlorateandammoniumnitrate.Ontheother

hand.activecarbonhadacatalyticeffectbothon

thethermalreactionandcombustionofascavenged

propellant.Moreover.thepre88ureindexhadthe

valueof0.43-0.52foractivecarbonwithdifferent.

catalystlevels.Oxide8.WhichhadtheStructure

orperovSkitetype,8180hadacatalyticeffecton

theNHIC101･NANO3･Al･birLderpropellant

combustionAndasmallpre88ureindexofo.46-

0.JI7,Lhough it8effectwa且Smallerthanthat

comparedtoactivatedcarborL.
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