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Thethermal reactionandthecombustionofanammonium perchlorate(m)一缶Odium

nitrate(SN)-aluminum(Al)-GAp-cataly8t801idpropellantwereStudiedbyathermalanalySi8,

combt18tionexperiment8andanalysesofthereactionresidueinordertoclari&thecatalytic

eLrectofironoxide,copperoxideandcobaltoxidecatalysts.There8ult8Obtainedareasfollow8.

Ironoxide,whichhasacatalyticeffectonammoniunperchlorateandaAp-Al-GAPsolid

propellantdecomposition,hadnoeffectonthethermalreactionofthemixtureofammonium

perchloratewith80diumnitrateandtheAp-SN-Al-GAPsolidpropellant.Cobaltoxideand

copperoxidehadacatalyticeffectonthelowtemperaturedecompositionofammonium

perchlorateinthemixtureofammonium perchlorateandsodium nitrateatatmospheric

pressure,buthadnoeffectonthethernalreactionoftheAPISNIAl-GAPsolidpmpellantunder

preSSuri2:edconditions.

With regardtotlleCOmbustion,ironoxidehadnocatalyticeffectontheAp-SN-Al-GAP

compositesolidpropelhnt. Theformationof80dium perchlorate,whichi8moreStable

comparedtoammoniumperchlorate,i8OneOfthereasonforthisphenomenon.Theadditionof

acopperoxideCatalystincreasedtheburningrateby5～15%comparedtothatwithouta

cataly8t,butcobaltoxideShowednocatalyticeffectonasodillmnitatecontainingpropellant

combu8tionunderpre88urizedconditions.

1.[ntrodllCtbn

AmmoniⅥmperclllorateha白beenmaidyused

asanoxidizerinpractical801idrocketpropellant8.

However,ithastheproblemofproducingacidrain

overthelaunchingdistrictandozonede8truCtion

inthestratosphereduetohydrochloricacidpro-

duction.An annoniunperchlorate(AP,NH4CIO4)

-sodiumnitrate(SN,NaNO3)-aluminum(Al)一

glySidyla2:ide polymer(GAP)composite solid

propenant(abbreviatedasAPISN-Al-GAPpro-

pellant)i80meOfthecandidate畠forachlorine-

free non-po11uting 801id propellant.Though
thethermalreactionandcombustionofthese

type80fpropellantshavebeenstudiedbySOme
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workerSl)～ll),therearefewreportswhichevalu･

atedacatalystforthispropellants.

Anironcontainingcatalyst8uChasironoxide

orcatocenewasafamouscombustioncatalystOf

analuminizedammoniumperchloratecomposite

solidpropellant.But,therehasbeenno8tudyof

whetherornotthe8eCatalystshaveaneuecton

anAp-SN-Al-GAP propellant.InthisPaper,

theeffectofironoxide,copperoxideandcobalt

oxidecatalystsonthethermalreactionandthe

combu8tion oftheAp-SN-Al-GAP propellant

wereStudiedbythermalanalysis,combustion

experimentsandanalysesofthereactionresidue.

2.Experhenta1
2.1Maten'als

Thealuminumu白edinthis8tudywasObtained

fromAIcoa,Inc.,intheUSA.ItsparticleSi2:ei8

below5pmandthepurityi899.5%.Amnomiun
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perchlorateandsodium nitratewerereagent

grade,andtheirparticlesizeswereabout150LLm

a氏erpulverizingandsievlng. Theironoxide

catalyst(α-Fe20JwasObtainedfromTbhoganry･

ouKE.anditsparticleSiZieisabout0.2iEm.

Copper oxide(CuO) and cobalt oxide(Co詰04),

having averageparticle diametersofabout

5JLm and4pm,respectively,Werereagent

gradeandtlSed withoutproce88ingsuch as

thermaltreatmentorpulveri2;ation.1もntypesof

propellantswerepreparedusing20.0wt.%Gm

agthebinder,62.4wt.%oxidizerand17.6wt,%

aluminum,and0-5wt.%catalystswereaddedto

thepropellants.Theformulationsarelistedin

Table1.

2.2Arlalysis

Thermal analy8eSWerePerformeduSlnga

RIGAEU DTA-TG simultaneousanalyBer,in

whichtheSampleweightwa85mgandthe

heatingratewas20℃/minunderanargongas

Stream. Thesamplecontainerwasanopen

aluminacrucible(5mmi.AX5mmheight).

Aqualitativeanaly8i80fthereactionproducts

wasperformedusing冗-raypowderdiqraction.

2.300mbusticrlexperiment

Thelinearburmingratewasmeasuredfor

theBtrand8formedina6mm X 6mm 8hape.

Thetimeneededforthe40mmburningofthe

strandswasmeasuredbymeans0fachimney

typestrandburnerunderpre8Suri乙ednitrogen

rangingfrom3to10MPa,

3.Resultsanddiscussion

3.1Effectcrfthecataly与tOnthedecomposition
ofanmoniumpen;hlordeandthemixture
ofammoniumperchloratewithso血rnnit柑te

Fig.1(2)showStheresults0fthethermalanaly･

SisofammoniumperchlorateandthemiXtureof

ammoniumperchloratewithsodiumnitrateinah

Ammoniumperchlorateunderwentatransitionat

230℃,alowtemperaturedecompositionatabout

Boo℃ andahigh temperatureoneat440℃ with

avigorouSheatrelease.TheDTAtraceofthe

mixtureofammomium perchloratewithsodium

nitrate8howedtwoexothermsat300℃ and

560℃,andanendotherm at455℃. 冗-ray

powderdiffractionanalysesofthereactionre8idue

werecarriedoutat360and650℃.Thereaction

residueat360℃ wa880dium perchlorateand

thatat650℃ wassodiumchloride(Fig.2).The

observedweightlossof41%correspondedwellto

thecalculatedoneof40%accordingtoequation

(1),inwhichammonium nitrateformedwas

aSSumedtodecompo8eandga8ify:

NHJC104+NaNO3- NaCIO4+NH.Nor. (1)

TabIe1 FormulationsofNH4C104･NaNO3-GAP･Al･catalystcomposite80lidpropellant

GAP AP SN Al Fe203 CuO

Co301No.1 20 62.4 -

17.6 - - -No.2 20 62

.4 - 17.6 2.5 - -No.3 20 62.4 - 17.6 5.0 -

-No.4 20 36.0 26.4 17.6

- - -No.5 20 36.0 26.4 1

7.6 2.5 - -･No.6 20 36.0

26.4 17.6 5.0 - -No.7 20 36.0 26.4 17.6 - 2.5 -

No.8 20 36.0 26.4 17.6 - 5.0 -

No.9
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ypowderdi瓜actionanalysi80fthereactionresidueofthe8tOichiometric

mixtureofNH4CIOlwithNaNO汀Thisdo

ubledecompositionwasCOnarmedbythefactth

attheobservedendothermat455℃,whichwa

saccompaniedbynoweightchange,corresponded

tothemeltingpointoftheformedsodiumperchl
orate4'.Theobservedfinalweightremainin

gof27%wasingoodagreementwiththecalcu
latedvalueofthesodium chlorideform

ationdescribedbyeqt)ation(2):KayakuGakkaishi.Vol.61.No.4.2000 NaCIOl→ NaCl+20.i (2)Fig.1(3

)show8there8ultsofthethermalanaly8i8
0fammoniumperchloratewith5wt.%ironoxi

decatalystadded. UnlikethecasewithoutaCatal

ystinwhichatwo･Stepdecomposi-tionoccu

rred,ammomiun perchloratewiththeironoxidecatalystunderwenta

nintensedecom-po8itionat300℃.Fig.38how8t

here8ult80fthethermalanaly8isofabina

rymixtureofamnoniun perchlorateand80diu

m mitrate,andternarymixture80fammoni

um perchlorate,sodium nitrate andcataly8t8,inw
hichthecatalystlevelwa卓5wt.%oftheto

talamountofammonium perchlorateand80di

um nitrate. Theternarymixture80fammomiumpe

rchlorate,80diumnitrateandironoxidecataly8
t88howedthegameDTAtracea8themixtureo

fammoniumperchloratewith80diumnitrate.andir
onoxidehSnOCatalyticeffect ontheammo

niumperchlorateinthemixture.Ontheother

hand,theDTAtraceoftheternarymiXtur

e8 0fammonium perchlorate,80diumnitrateandt

hecopperoxidecataly8t8howedaninten8eeX

Othermat290℃thatcorrespondedtothelowtempe
raturedecomposition,anendothermat425℃

andaSmallexothernat490℃.Wh encobaltoxid

ewasaddedtothemiⅩture,theDTAtraceofthe

temarymixtures8howedanintenseexotherma

t280℃ thatorreSPOndedtothelowtemperat
uredecomposition,anendotherm at400℃ an

da8mameXOtbermat415℃.ContraⅣtotheironoxi

decataly8t,botllhadacatalyticeqectonth

elowtemperaturedecompositionofammonium

perchlorateinthemixture.But,intheseexperim
ents,thereactionintemediateandthe丘nalexoth

ermicdecompositionprodⅦct8tl一atoccurredw

erenot8tudiedforthemixturewithcopper

oxideandcobaltoxidecatalysts.Fig.4Shows

theresult80fthethermalanaly8iSofaA

p-Al-GAP propeuantwithironoxidecatalyst
andaAp-SN-A1-GAPpropellantwithironoxidec

ataly8tunderpreSSuriヱedargoninwhichthecata

ly8tlevelsWerefrom0to5wt.%ofthetotalamou

ntofoxidizer.Underpre8Suri2:edconditions

,theAp-Al-GAPpropellantwithoutiron o

xide cataly8t underwent an intenseexothermicde
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OPm
a
ytS under pre88urized .OXHーLVl.OPtI

H150200250300350TeI叩er血re(℃)Fig.5 ELrectofthecobaltoxidecatalystonthe

thermalreactivityofNH4CIOrNaNO3-3 8GseTiZT

dnaP.OgS.i:e(857TMPpToJeuantunderdecompo
8itiomtemperaturedecreasedwith in-crea

8ingcataly8tlevel. TheAp-SN-Al-GAPpropella
ntwithandwithoutironoxidecatalystalsoshowe

danintenseexothermicdecompositionat250℃,butthecatalyticeff

ectofironoxidewasnotrecognized.Fig.

58how畠theeuectofthecobaltoxidecataly8tO

nthethermalreactivityoftheAp-SN-Al-GAPp
ropellantlュnderpressurizedargoninwhichthecata

lystleve18Werefrom0to5wt.%ofthetotala

mountofoxidizer.Underpre8Suri21edconditi

ons,theAPISN-Al-GAPpropellantwithandwitho

utcobaltoxidecatalystunderwentaninten

seeXOthermicdecomposition at250℃ .However.the

propellantwithcobaltoxidecatalysthadtheS

amedecompositiontemperatureasthatwithOtltthe

catalystandnocatalyticeffectwa卓recog

nized. With regardtocopperoxide,theAp-SN

-Al-GAPpropellantwithacataly8thadthe8

amedecompositiontemperaturea8thatwithou

ta catalyst (Fig.6)and nocatalyticeuectwasagainrecognizedunder
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mnihtB一山minLlm-GAPcompo紙esolidprt

)peJJantFig.78how8theresult80fthelinear

burningratemea8urement8foranammoniumper

chlorate-aluminum-GAPpolymer-innoxide

CatalyBtandanammomiumperchlorate-Sodiunn

itrate-aluminum (Al)-gly8idylazidepolymer

(GAP)-innoxidecataIy8tCOmpOさite801idp
ropeuant(abbreviated a8 8 80dium nitrate･co

ntaimingpropellant)underpre88uriZedmitrogen,

inwhichthecataly与tlevelwa8from0to5wt.鶴oft

hetotalamountOfpmpellant.Thelinearburn

ingrateofanammoniumperchlorate-alumin

um-GAPpolymercompositesolidpropelhntincrea

sedwithincreasingamountofadditiveleveland

ambientpre88ure.Ontheotherlmnd,theeffect

ofironcatalyStBOnthecombustionorthesodium

nitrate-containingpropellantwasdifferentf
rom thatwithoutsodiumnitrate;thati8,thelinear

burningrateora80diutnnitrate-containingpr

opellantincreasedwithatnbientpressure,butdidnot
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burnlng rate Of NHJC104-Al-GAP●and
NH.C10.-NaNO3-Al-GAPcotnposite801id propell

ants under pre88uriZednitmgenchngewithan

increa8ingamountofadditive.Ironoxidei8

aWell-lmowncatalyStforammo･nium perchhrateand

anmonium perchloratecontainingpropellant与,打

owever,itha阜nOeLrectonthedecompositi

onofthemixtureofammoniumperchloratewith

80dium nitrateanda80diumnitrAte･containingpro
pel)ant.Inthisexperiment,Adetailedinvesti

gationwasnotCamiedout,butthemixtureofammo

niumperchloratewith80diummitratedidprodu

cea80diumperchlorateintermediate.Thisintermediatewa卓less

reactivecomparedtotheoriginalammonium

perchlorAte.ThismaybeonereasonforthediLrer

enceinthecombustioncharacteristic

sbetween a 80diumnitrate-COntaimingpropellant

andthatwithoutsodiumnitrate.Inpmpeuant

combu8tion,thelinearburningrateunder

preSSurizedcondition8Visrepreaentedby

Vieille'8equation(3):Ⅴ=bPれ 佃EwherePi8t

hepre88ure,nisthepressureiTtdexandbisa
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vely,and decre88ed with increasingcataly8tl

evel. However,thepre88ureindexnofasodium n

itrate-containingpropellanti8approximate

lythesamevalueof0.47-0.50.Fig.8showsthe

euectofcobaltoxideonthelinearlmrningrate

ofasodiummitratecontainingpropellantund

era pre88uriZX!d condition ofdtrogen,inwhich

thecataly8tlevelswerefrom0to5wt.

%ofthetotalamountofpropellant.Theline

arburningrateofasodium nitrate-Containing
propellantincrea8edwithincreasingambientpre88ure,butdi

d notchngewithincrea81ngadditivelevelofthe

cobaltoxidecatalyst.Moreover,thepre88urein

dexalsohadtheSameValueof0.50-0.54forthedi

uerentcataly8tleve18.Fig.98howStheefrcctof

copperoxidecatalystonthelinearburningr

ateofa80diumnitrate-containingpropella

ntunderpre88urizednitrogen,inwhichthecatalys

tlevelsWerefrom0to5wt.%oftlletotal

amountorpropellant. melinearburmingrateof

asodium nitrate-containingpropellantincrea8edwithincreasingambie
ntpresSureandShowedanincreaseOf5-15%compared

tothatwithoutacatalyst.
Thepressureinde7(
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45-0.
50forthe
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euectona80ditlm nitatecontainingpropellant

underpressurizedconditions.Theadditionofa

copperoxidecatalystincreasedtheburningrate

by5-15%comparedtothatwithoutacatalyst.

R¢fbrencos

1)K Nozoe,Y.Aヱuma,T.Yamaya,M.Shimoda,

H.Habu,K.HoriandT.Saito,TheProceedings

orAutumnMeetingorExplosiveSocietyof

Japan(1999)plO9

2)Y.mKISHITA,T.ONDA,Y.TAKEIandC.

TOHARA,a.ofJapan.Explo.Soc.,60(2),
76(1999)

3)K YoShihira,K.Kobayashi,M.Akiyo8hi,H.

NaknmuraandY.Hara,TheProceedingsof

SpringMeetingofExplosiveSocietyorJapan

(1997)p109

4)F.Solymo8i,nStructureand8tabilityofsalt80f

halogenoxyacidsinthesolidphase'',John

Wiley&SonS(1977)p126

過塩素穀アンモニウムー硝酸ナトリウムーアルミニウム
ーGAP系固体推進薬の反応性に及ぼす触媒の効果

中村英嗣●,吾平研司●,秋吉美也子■,原 泰毅●

過塩素酸アンモニウムー硝酸ナトリウムの混合物および過塩素酸アンモニウムー硝酸ナトリウムーア

ルミニウム-GAP系固体推進薬の無反応性および燃焼反応性に及ぼす金属酸化物触媒の効果を,熱分

析法,燃焼残留物の分析および燃焼央験などにより検討した｡

過塩素酸アンモニウム単独の熱分解触媒である酸化鉄は,過塩素酸アンモニウムと硝酸ナトリウム混

合物および過塩素酸アンモニウムー硝酸ナトリウムーアルミニウムーGAP系固体推進薬の無反応には

触媒効果を持たなかった｡酸化コバルトと酸化銅は過塩素敢アンモニウムと硝酸ナトリウム混合物の常

圧下での低温分解には触媒効果を示したが,加圧下での過塩素酸アンモニウムー硝酸ナトリウムーアル

ミニウム-GAP系固体推進薬の無反応には効果を持たなかった｡

酸化鉄は過塩素酸アンモニウムー硝酸ナトリウム-アルミニウムIGAP系固体推進薬の燃焼にも触

媒効果を持たなかった｡これは反応過程で過塩素酸アンモニウムよりも安定な過塩素酸ナトリウムの生

成によると推定された｡酸化コバルトは硝酸ナトリウムを含む推進薬の燃焼には触媒効果を持たなかっ

た｡酸化銅は硝酸ナトリウムを含む推進薬の燃焼速度を5-15%増加させ,若干の触媒効果を示した｡

('九州工業大学.工学部･応用化学教室 〒iO4-8550北九州市戸畑区仙水町1-1)
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