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ThethermalbehaviorofRDXandRDX-HTPBpropeuants

byHidetsuguNAKAMURA●,GorouNAKASHITA',K詑uShigeKATOHH

andYasutakeHARA+

Thethemaldecompositionofmil)edRDXaJldRDX-HTPBandpropellaJltSandcombus･

lionoLRDX-HTPBpropelhntswereexamined.Theresultsobtainedwereasfouov s.

meisotherTnaldecompositionofsimpleRDXabove20D℃proceededinthemoltonphase

andobeyedthefirstOrderrateequation.Ontheotherhand.boththeisothermaldecomposition

oEsimpleRDXunder195℃andRDX-HTPBpropellanlsproceededinthesolidphaseand

obeyedtheAyrami-EroEeevrateeqtJation.

Theisotherma)decompositionolbodlSimpleRDXanditspropellaJltSWereaLEectedbyparti･

clesizeofRDX. RDXwithitshrgerpartklesizebeda)aTgerthermaldecompsidonrate.

ButonthecontraJy.theRDXpropenantwhichcontainssmderRDXparticleshasalarger
Linearbumingrateoverallpressureranges.

1.Introduction

Thetherma)decompositionoEcydotrimethyt-

enetrinitmmine(RDX)hasbeenstudiedbymany

rcsearchers卜 6). But,thereareavarietyoEresults

withregardtotherateequation.kineticpamneters

andreactionTneChanism.

Ourpreliminaryexperimentsshowedthatthether-

maldecompositionoERDXaccompnieditssublima-

tion.Consideringtheexperimentalmethodsadopted

inthepreviousreports.theauthorsconcludedthatthe
aboyediscrepancyinthethermald∝ompositionof

RDXwascausedbymisjudgingthecoexistenceoEthe

themaldeconpositionanditssublimationorevapora.

lionoERDXastherealthermaldecomposition.

(nthisreport.analuminumcruciblewithapinhole

wasadoptedasthesamplecontainerlorthetherTnal

analysis.Byusingthiscrudble,stJblimationoT
evaporationofRDXduringthethermaldecomposi･

LioncanbenegligiblewithilleXPerimentalerror.

Futhermore,thepartidesizeeffectoLRDXonthe
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thermaldecompositionoEboththesimpleRDXand

RDX-HTPBpropelhJltSandontheLinearbtlming

rateoERDX-HTPBpropeuantswereenminedby

thermalaJ)alysisandburningrateme犯urementS.rep-

pectively.

2.Experiment
2.1 M8terials

A sampleofclass-A'RDXwassuppliedby

ChugokuhyaktJCo..Ltd.MilhgoftheRDXwasper-

EorTnedusingarotatingballmillfromRetchlnd.hc.

haringfiveI0mmdiametermi oniaballsafteradding

waterinordernottoproducea丘血g.TherDta血g

speedis160rpm皿dmillingtimesare0(RDX-0).1

(RDX-I)and6(Rt)X-6) hours.Theaverage

particlediameteris114F'mtornom弧ng(RDXl0),

47fLmfora1-houTmilhg(RDX-1)and16fLmfor

a6-Eourmilhg(RDX-6).

ThreeEyp60ERDXpropellants(Rp-0,RP-1and

Rp-6)werepreparedusing25wt%HTPBasthe

binderand75wt%RDXasdescribedaboye.TheEor-

muhtionsarelbtedirkTableI.

2.2 111ermalanlysis

TherTnalanlysisunderisothermal00nditionswere

carriedoutinairtJShgasimultaJIeOtJSDTA-TGap-

pamtusequjppedwithaninfravedfuTnaCe･2mgof

samplewasweightedillaJlaltLmintmcrucible,whid)

-160- 火薬学会旺



Table1 TheEonnulationsofRDX-HTPB pro･

pelhnts

HTPB RDX-0 RDX-I RD

X-6Rp-0 25wt% 75

wt,iRp-) 25wt

,i 75wt%Rp-6

25wt,Oi 75wt%RP;RDX-H TPBpropellants
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00ReaCtlolltime tnin) 300Fig.1 Repre

sentatiyeisothertnaldecompositionoERDXdtho

tLtmillingatvarioustemperaturesisthenhermet

icallysealedwithanaluminumcoverhvingap

inhokatthecenter.Themldblehasa4mJninside

diameterandi82.5mminheight.n epin-holed

aluminum crudbleWZLSusedinordertorepress8ub
hmationandevaporationoftheRDX.Thediameter

ofthepinholewas0.05±0.002mm.Asprelimina

ryexpe血 ents.anamotntoEsublimedoreyaporatedRDX

whidlWasdirecdytrappedjustabvethecnICibleW

deteTmi zIedbythequaJ)titatiyeanalysis.Aweightdecreasecausedbysublim

atiorLorevaporationofRDXwasWithin±5%.2

.3 Me8SUremOntOflinoarburnhgrateStrands

forthelin飽rbumingratetneasurementwereformedi

na6mmx6mmx60mmshore.TimeneededEorthe40

tnJnbumingoEthestrandpiecewasmeasuredbymeansoEachimneytypeStrandbtm

erunderpres8u血ednitm genrangingfrom 30t

o70kguci.3.ResLJJt8anddiscussion3･l lsother

m81decomposjtjonofsimpleRDXFig118howstheresd

t80EaJ)isothermaldecomposi･donotRDX-0.Fract

ionaldecomposition(I)LES.reaC･liontime(t)ctmes(x-tcum S,hereafter)L

opRDX-0haretwoduLqentchanctedsticEeattm basedon 0 100 200 300

7tebCtiontlJTlet

PinJFig.2 EfEectoEmillingontheisothe

rnaldecomposi･tionofRDXat200℃reaction

temperature.One isthe isothermaldecompsitionabove

200℃whichhasanupwardcon･vexshapeoEthex

-Icomes.Theotheristheisother･maldecomposidon

under195℃whichhasasigmoidalShapeaJldshowsalar

getemperaturedeperLdence･AdULeTenCeinthesha

peofthedecompositioncuJVeSin･dicatesthatthe

thermald∝ompositionprtKeededac･Cor°ingto

difEererLtmeChanismsdependingupnthereaction

temprature.SEM obseryationsoEthesampleswhich

arequenchedduringdecompositionshowedthatthedecompositionabove201)℃pr∝ eed･

edinamoltenphse.whitethedecompositionun

der195℃pr∝eededinasolidphase.Thethermaldecomp

ositionoLsimpleRDXwasaE･fectedbyitsparticl

esize.Fig.2showstheeffectofminingontheis

othermaldecom叩 i血nofRDXat200℃.RDXwithot)tmil

linghadanupwardconyexshapeoLitsx-IcIJrV

eandaurgedecompositionratecom･paredwithmil

ledRDX. Ontheotherband.山ex-tcuryeofthemn

ledRDXhadsigmoidalshapeaJlditsdecompositio
nratewassmaller.Ofcourse.milledRDXalsoshowedathemaldecomposid

oninboththemoltoTlaJldsolidpheseaccordingtothed

ecomposi･tioTItemPeratWe.Fig･3showstherest)

ItsoEtheisotherTnardecomposi･LionofRDX-6i

nthetemperattJrerangefrom215℃b200℃.A

s previmslystated,x-Icuresareconyexupwardsindi

catingthatthedecompsition ratedecreaseslinearlywiththereacdoJ

ldme.Appucabili･tytofirst

Orderrateequation(りfortheleSult8isshown hFig

.4tn(卜 x)･5-kt ())wherexis
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fteaCtiorLtine(nin)FJ'913 Isothermaldecompositionofmille

dRDXfor6hours0 20 40Reaction t

ime fmin) 60Fig.4 Firstorderpl

ots血rtheisothermaldecomposi･tionofmiuedRDXfor6

hourstiontimeaJldkistheconstaJltOfreactions

ystem.Fig.4showsgoodstraightlinesandthera

teconstantsoEthedecomposidonwereobtainedfromt

he古lopefortheselines.ActivationenergiesEorth

emoltenpha紀decompositionofRDXwerecaIucuhteda

sI46kJJmolforRDX-0,170kJ/moIforRDX-Iand196k

JImolforRDX-6from theArrheniusplotsoftheratecon-
S【antS.
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actlontiJTlefminI 160FJ'g･5 Isothermd decompositi

onofRDXIHTPBpropellantswhJ'chcontainRDXwi

thoutmi11-ingOytmi S)reprtedaFirstorder

rateeqtndonandtheactivationenergy200kJ/m

olforthemoltenphasedecomp6itionbytBingaLnOpen

aJunhumm cible.Milleretall6)alsoreportedthe

sanerateequationand213kJ/molbyusingtheRDXs

zLmPlepreparedasthinfilmstmderpressu血edco

ndidonsbelow2.0GPaDyerthetemperaturerange

from205℃to235℃.Thepre*ntstudygavethe弘me

rateeqtJadonaJldsomewha

tsmaueractiyationene曙iesforthemoltenphas

edecomposidonoERDX.Thelowtemperahredecomposi

donoEsimpleRDXhFig.1hadasigmoidalshapeoE

thex-tcuryesandthetemperatured印せndenceoLther

eactionratewasverylargeaspreviouslystated

.Fwthermore,thein･ductionpedodofRDX (espe

cialIywithoutmilling)decompositionwerediffere

ntwitheachrun･eventhough theoveralltimeofthe
rcacdonwasalmostsame.Thisindicatesthatnudeatitln

OntheRDXstu･Eacewithoutmillingforthedeco

mpositiorLOCCurredatrandombeQuSeDftheclenliness

ofitssurhce.3･2 lsotherrn81docompositionofRD

XpropeトIantsFig.5showsthethermal

decompsitionofRDXprqr-pelLantsRP10

whichcontained RDX-0in thetemperature raJlg

e from 180 ℃ lo 195 ℃.Fromtheseresdts,t

hethermaldecompositionofRDX propelhntsproc

eededatarehtiyeIyIoutemperaturecomparedwithth

atofsimpleRDX.Theis.thedecompositionratedependedo

ntheparti･clesizeoftheRDXaJldthelargerthe

particlesize.thelowerthedecompaitiontemperature.Thisisinter
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Fig.6 Ayrani-Erofeevplotsfortheisothemd
dccompositionofRDX-HTPB propellant
whichcontainsRDXwithot)tmining

is,whenthethermaldecomposidono∝urSonthe

RDXparticlesll血ce,aheatfluxreleasedtotheat･

mospheredependsonitssurfacearea. Accordingly,

alargeRDXparticleacquiresahigh heataccumuh･

lionbecauseofitssmallspeci点csurfaceareahavinga

high therTnaldecompositionrate.

SEMobseryationsoEthequenchedsampleduriJ)g

decompositionshowedthatthedecompositionoEpro･

pellantproceededhlthe印Iidphase.Also,Ⅹ-t

curyesEorRDXpropell弧tbedasigmoidalShape

simihrtothatofthedecomposi血nofasimpleRDX

atlowtemperattucswherethereacdonpmceedsin

thesolidphase.Theseresdtssuggeststhatthether･

matd∝ompsitionofboththesimpleRDXatlow

temperaturesandRDXpropelhJltWouldproceedac･

cordingtothesamereactionmechnism.

TheAyrami-ErofeeveqtntiondescribedbyEq.(2)
aqeedwellwith thesi即10idalctpeswhichcor-

respondedtothephenomenaa00omparLiedbyphase

transtorTnationsuchasrrLeltingTI.

1-xコ丘ゆ (-BP) (2)

wherexisthehctionaldecompositiorL.tisthereac･

liontime.a istheconstsntdependingonthe

temperattlre,kisthecoTIStSntOfthereactionsystem.
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IniれIFig.7 Effectofmillhgontheisothemaldec
omposi･tionoERDX-HTPBat

180℃AvramトErofeevplotsoftherestlltsin

Fig.5correspondedwellwiththisequation(Fig.6).

Actiya･lionenergiesobtainedfromtheconstanta

gayetheyalueof154kJ/molfortheRDX-0propella

nt,153kJ/molfortheRDX-IpropellaJltand152kJ/

moIfortheRDX-6propeu

aJltBl.ThethermaldecompositionofRDX-HT

PBpro･pellantswasalsoaffectedbythepar血lesize

ofRDXcontained.Fig.7showさtheeffectoEmining

onthei甜thermaldecompositionoftheRDX-HT

PBpro･pellantsat180℃.RDX-HTPBpropellantsir

respec-dveastowhetherthecontainedRDXwasmi

IledornothadsigTnOidalⅩ-tctmeswhidlWereObta

inedinthecaseofthelowtemperaturedecomposition

ofsim･plcRDX.Futhermore,thepropellantwi1ichco

ntainedRDXwithoutmillinghadalargerdecompositi

on一atesimilartotheisotherTnaldecompositionofsimp

leRDX.3.3 Burningchir8CteristicsofRDXprop

ellantsLinearbumingratesofRDXpropel)ant

sunderpressurizedconditionsareshowninFig.8.Linea

rbtlr･mngratesincreasedwithpressureand

obeyedVieille'SeqtJLti

on(3).tr-BP'

(3)whereVisthelinerburningrate,Bisth占cons

tant,Pistheprcsureandnisthepressuree

xpnent.Pressureexponentsareo.45forthepropellan

tRp-0.0.44torRP-Iand0.52Lo

tRp-6.ContrarytothethermaldecompositionoLR

DXprolpelhJltS,thepropellantwhichcontainssmau

erRl)Xparticleshsalargerlinearbtmingrateo

verallpressureranges.Thisindicatesthatint

heRDX･-HTPBpropeuantcombustiorLthecondence

dphaseKayakuGakkaishi.Vol.55,No.4.1994
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Fig･8 EfEectoEminingofRDXonthelinearburmi g

ratesoLRDX-HTPJIstraJldsdecompositiono

LRDXdoesnotplayanimportzntroletodetermine

theburnhgrateconpredwith theotherstepssuc

hasthedecompositionoEbinderorsomegas

phasereactions.Thisascribedtothehighac

tivityofthecondencedphasedecompsidonofRD

X.4.ConclusionsThethermaldecompositionoLbo

th SimpleRDXandRDXIHTPBpropenaLntSandthec

ombusdonofRDX-HTPB propellantswereexamined

usingpulverizedRDX.Thefollowingresultswereob

tain-ed.(1)Themechanismofthethermaldecompos

idonofsimpleRDXwasdifErentwithreacdontemperature. Thatis,theisot

hermaldecompositionabove200℃proceededinthe

liquidphaseobeyingthefirstorderrateequation.Ontheotherhand.theis

otherTnaIdecompositio

nunder195℃ occurredinthesolidphaseobcyingtheAvrami-EroL

eevequation.(2) ThethermaldecompoSitionofRD

X-HTPBpro･penantpr∝eededinthesolidphaseobeyingth

eAvrami-Erofeevequation.whichwassimilartot

helowtemperattlredecompositionoEsimpleRDX.(3) Theiso

thernal decompositionofboth simpleRDXaJlditspropellalItWereaLEecte

dbypulyerin･tion,andRDXwithalargerparticl

eSizebedalargethermaldecompaitionrate.(4) Contrarytothethermaldecompositio

noERDXpropellants.thepropenantwhichco

ntainssmallerRDXparticle

shasalargerlinearbwningrateoverauthepr

essureraJ)富es.RoferencesI)Boggs,T,L.,-Pros.A



RI)ⅩおよびRI)Ⅹ-HTPB固体推進薬の熟的挙動

中村英嗣●.中下吾郎榊,加藤一成は.原 審教書

RDXのみおよびRDX-HTPB糸田件推進薬の熟反応および熟成反応の横柄を粉砕した

RDXを用いて検討 し,以下の結果が得られた｡

RDXのみの200℃以上での等温熱分解反応は溶融状態で,一次反応速度式に従って進行

する｡一方,195℃以下のRDXのみおよびRDX-HTPB系固体推進薬の熱分解反応は固体

状態で,Avrami-Erofeevの式に従って進行する ｡

RDXのみおよびRDX-HTPB系固体推進薬の熱分解反応は粉砕の影響を受け,粉砕し

たRDX粒子の粒子径が大きくなれば大きくなるという特異な結果を示した｡ しかし.粉砕

したRDXを用いて調製した固体推進薬の線燃焼速度は,これらの熱分解反応とは道に,謝

定 したいずれの圧力下でもRDX粒子の粒子径が小さくなれは大きくなるという結果を示 し

た｡
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