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Themalbehaviorofpropellantscontainingpolycaprolactone

asbinder

byChen-ChiaHu皿g暮,Tsao-FaYeh̀ aJldHuey-ChemgPemg●●

Thethemtalchuacteristicsofpolycaprohctone(PCL)propellantwasdetermhedbyther･

mograyimetry(TGA).difEeren血lthem lmalysis(PTA).aLndmodifiedmaJIOtnebic

yactJumstabaitytest(MVST).TyosetsofPCL-RDXpropelhzItsprepared.dthordthout

aJnJTIOniumnitrate(AN).wereexamined.ItWasfoundhtntheresdtsoEMVSTthtproI

pellaJltSCOTItainingANevolvedmtlChmorepsthaELOneSwithoutANdid･Thethermddecom･

positionreactionsoEboth sedespropellantsdudngdymi cheatingwereindicatedbytwoma･

jorstagesoEweightlo路eSintheTGActJrVeS･nePCLpolyTnerisrathercompadblewi th

RDX.FromtheDTAmeぴ tmmentS.theexothemi cpeaktemperattLreOEANhthepn>

pelhntobviouslydroppedwhenbothANandRDXwereinthepresent･

l. Jntroduction

Solidpropelhntsgenerallycomprisepardcuhtesolids.

indudingoxidiZerSandfuelmaterial.dispersediJ)an

elastomerkbinderwhichspatialIyimmobilizesthe

solids.Thereharebeennumerousattemptsinthe

hstthreedecadestOSynthesizenewPlymerstoruse

asenergetic80tidpropellantbinders.Nowadays.one

ofthemostwidelyusedbindersisthehydroxy-ter･

mi皿atedpolybutadiene(HTPB)plym er･horderto

increaseeneT･gyOEpropell姐tS.Partial stlbStitudng

moreenergeticcompounds.suchasnitramines.to

general u8ed oxidizeraJld deyeloping eJlergetic

polym ericbindershavebeentried.thealtematiyeto

enhncetheeTIerW ValueoEpropelLzLntSistocontain

nitre-phsticizersinthecompositioTI.Bennertetal.Il

reprtedtbtpolycaprohctone(PCL)polym eris

nitrateestermiscible.Shenetal.2Jconfirmedthat

PCL iSCOmPatiblewith a nitrate-plasticizer

triJnethylolethJIetriAitrate(TMETN)AObyiolはIy.

thePCLwithsuitablenitre-phstici托rhasreceiyed
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con与iderableattentionasabinderinpropeuants.Am ･

monium nitrale(AN)isoneoEtheimportantox･

idizersinpropellants))･Theproblem80Ehyq oscopid･

ty,phasetrarLSitions.andlowburningratelimitthe

useoEAN.Oppositely,thecharactedsdcsoEthelow

血metemperatureandnochlorirtecontaimingcombus･

liongasestakeadyaJ)tagCStOSOmeSPeCialapplication

sl).Linetal.S)recendyiny飴tip(edthem ldecotn･

positionoEmixttJreSCOntaiJIiJlgPCLandnitranineS･

n eyfoundtbtPCLiscompatiblewith bothRDX

aJldHMX.Yet.thereisnostlJdyreportedonacured

PCLIRDXpropeJhzd:wi血orwi thoutAN.Tberdore.也e

purpu oEthisstudyistodeterminethethemal

bdaviorofcuredpropel血tscontainingPCL,RDX

and/orANirLVadousperceJltagCS･

2. 【xpriment81

necyclo･1.3.5-trimethylene-2.4,6-trinitramine

(RI)Ⅹ)employediJ)thisstudywasman血 cturedbya

domesticarsenal.Theammonium nitrate(AN)

employedwasaLninstrumentp de(99%).stlpplied

byFerakhboratGmbH.ThepIycaprohctone

(PCL)biJlderwassynthesizedinthelaboratorybythe

methodgiveninthepatent̀)AThenum berayerage

m曲血 wddttoEpxh【dPCLpbnerⅦ 6000･T姐k

1liststheSummaryOEttStedsaJnple3'compoSitions.

TwogroIJPSOEpropelhntswereformuhtedand
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T8ble1 StlmmaryOftested siLmplescompositionsandvacuum

StabiLitytestingresults

Saznple 血】mtMSttJdTlrWddlt%l VSrr･resIIlt.ml/dl
No･ PCL RDX AN 1lOOC 1200C●
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tested･The鮎 tgot)ppropelbnts(A一紙des)Were

preparedbyinidalmeltingPCLt血derandANinan

o弘bathat175℃.TYLenaddingthesurtactant.SPAN

80.theliquidmixttJreWasemdsiEiedwithahigh

speed(1000rpm)mi xer.A触remulsifiadon.the

mimigspeedwasSlowdm to60rpm.BatchesoE

RDXpardc血teswereaddedhliquidsoludonby

severaltimes･Toobtainawell-mixedCompound.the

mixerwasconbuotulyoperatedatleast40minutes

afterthehstaddhgofRDX.Thecu血gagent,PN-

75,wasthenaddedataNCO/OHratioof1.3.me

slurrypropelhntswerecuredinanoyenat60℃br

fourdays.Thesecondqouppropeuants(B-series)

wereobtAmedbysimpleblendi喝 PCLbinder azld

RDXpartidesat60℃withalowspeed(60rpm)mix･

hg.necqrtngprtKeSSOH l-seriespropeuzmtswas

the温meaSthatofA-seriesOneS.

TbetherTndstabilityoEPCLpropeuaJttStmder

vacutm wasinyestigatedwithasetofautomated

manometricyactm stdilitytesdng(MVST)apt

parattlS.Theapparatusconsistsapersonalcomptlter

(Acer915P)withadataacquisidonsysteJn,preSStJre

transducers(SayamaModel10I76DM-VIA),anda

metalhca血gbl∝ktheEn OStat(JdiusPeteTS)witha

temperaturecontroldevice(West3000),Before

tesdng,antransducerswereYencalibratedwidla

StaJldardpressuregauge.Thetipperlimitandac･

ctmcyofthepressuretransducerare760mmHgand

±0.49mmHg.respectiydy･Thetemperatureofthe

dlermOStatiscontrouedd 血血 ±0.1℃.Fivegrams

ofsamplesptltinaheatingtubewerevacuumiZed

withamechnicalpunpformorethan aLnhour･The

heatingtubesWerethetlinstalledinthethermostatat

adesiredtemperature(110or120℃)･Thehea血首

periodustnnywas40hours･SincethetransdtlCerS

weredesignedforyacuumuse.theexperimentswere

teminatedwheneverthesystempressurewashigher

thaJItheupperlimitoftransducers. m rbgexperi-

ment,thepresstmmeasurementsateverytensecond

werestoredinthecomputer･ByusiJlgtheid飽lgas

Law.thepressurereadingswerethensimplycon-

yertedtothevolume.tmderthestandardcondidons.

takenofthegasesreleased･Therelateddescripdon

abotlttheMVSTisreferredtoHuangetal.7).

Thedymi CthernaldecompositiOnsoEPCL-bas･

edpropellantsweredeterminedbyaduFont2000

thernal analysissystemwith type1600difEereTI血I

thermal walyzer(DTA).951thermogravimetric

aJIalyZer(TGA).AheatingrateoL10℃/Jninvms

employedthroughout.Thepurgegaswastlitrogen

witharateof50mymin.TheaJnO4mtSOfszLmpleused

ind thermalanalysismeasurementswere3-5mg.

OnanDTAm朝 丘urementS,thesaJnpleswerephced

inanopenceramicceltnestandardmaterial.pure

silver.Was used to calibrate temperature

measurements.

3. ResultsandDiscLJSSion

TheMVSTexperimentalresultsdongwithcom-

positionsoftestedsaJnplesarelistedhTable1･For

llO℃tests,thehe血 gtheswere40hours･For120

℃tests,thegasyoltlmeevolvedbyA-Series (except

EorA-2) propelhntsincreasedsomudlthatthe

heatingtimeswereshortenedduetothe正mitationof

eqqlpmemt･FromTablel･thegasvolum ereleased

byA-2propeuantheatedat120℃for40how8Was

10.8d/g,Theamountofgasproducedbypure

RDXandpreANheatedat120℃tmdervactlum

werereported8･9)tobeO･18azldO･06m丘/gIreSPeC･

Lively.Libetal.5)detemi nedthevacutm stability

test(VST)oLptqePCLbythe耶uneapparattnaSOne
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i
otLStemPem
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usedbythis憎earChandnotedO･
155tAl/どofgas

eyolved･
Apparently,t
heeyolvedg88VOlumeofA-2

propelhJ)I(mixbTeOEPCL.
RDXaJIdAN)wasmtldh

largerdlaJlthatofanypWeCOmpOnentS･
Thoughthe

pureconst
ibentsarestable.t
hemixedPCL-RDX-
ANpropeuaAtSmightbethernaltmstable･
TheVST

DfaJHmCuredmixttJreOfPCLaJldRDXwiththesane

compositionasB-4propelhntwasalsod
eterminedby

Linetal.5)tobeO.
133mugatl10℃.
FromTable1,
theVSTresdtofB-4propeuantwasO･5
2m̀/g･
Therefore.
itisnotedthattheeyolyedgasyoltJmeOf

CuredpropeuaJdishTgerthanthtofuncureds
luJTies

withthe弧meCOmPOSi血n.
lt近alsoEouJ)abm
TablelthAtthegasamOtmtSre
leasedbyAlSeriespro-

peuaJ)tSaremuchLar gerthnthoSebyJl･seriespro-

pellants.Forthe

SameCOntentOLRDX.theVSTresultoLA-6propeuaJItWasmudlhTBeTthanthtof PJtt

q呂コ一têfqPqq 0 10 20 30 40 50

b e帥Fig.3 CompansonoEdecompsitionc
tLrYeSOfA一石(with AN)azldB-4(dthotltAN)prt>

penantsatl10℃･te血 gstartedinyacutm

B･4propelhnt･nLisindicatesth00ePCL-bad prD･

peIIaJltSCOntAinhgANcausetolessthermal

stable.Fipre1demonstratesthehistoriesofMV

STresdtsoEA-seriespropeILaJlt8･Theeyolvedgasv

oltmeincreasedalongwiththeheabg血 e･Con･paringthedecomposidon00ryeSoEA-4andA-5p-O-

peuants.itisfotmi thattheevolyedgasin
creasesasPCL contentincreaSeS.Theeffectofheadn

gtemperatureonthestabilityoEpropel血 tsisi

ll1血 tedinFipre2.hi血Ily.thedecomposido

ncurveOfA-2propeuaJltat120℃wassimihrtothatat

llOt:.ALler5hmzsoEtheiJ)ducdonpedod.thecurvea

t120℃ txtcaJneSteeper.ne血alMVSTresdtat1

20℃ymsatx)utthreetiJneSOEtheat1lot.ItimpliesthatthestabilityoEA-Seriespropdlants

isobyiou81yaLEectedbytheheatinglemperature･Figure3comparesthedecomposidoncm csofpr

ope

uaJItSwithandwithotltAN.Obviotuly,thedecom･positioTtCtLrVeOEA･6propelhntco7ItainedAN

ismudlShrperthanthtoH l-4propellmtwithoutAN.

Table2btsther軌 1tsofthermalanalysesbyTGAa

ndDTA.ThereweretwoStagesWeightlosseSobeⅣedin

the¶3ActLrYeSOfbothAaJldBseriesprt)pelLants.ThepercentageofwekhtlossinFirst

stagewasclosedtotheweightpercentageOfozidizer(

RDXandAN)ofcomposidon･¶lbimpliesthtPC

LbiJlderiscompadblewithbothRDXaJldAN.TheoASetteTTI P



Table2 TheTGAandDTAresults

No. FidnAteVdgdhM 2zKLskuLe､柁khtTd 側 ｣叫
To(Oq wt% wt% lst 2J)d 3rd 4th SLh lStTm 2ndTm

･̂2 212.0
･̂3 208.9

A･4 213.9
人･5 211.7
A･6 2162
8･2 216.8
Zl･4 223.9
PCL. 272.0
RDX 226.3
AN 230.8
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bothSeriespropehJItSWerelessthazttho紀OEeither

oxidizers.ASimb resdtⅦ reportedbyLinetal.51

The托WereSeveralendothermicpeakshDTActlrVeS,

thotJghsomeofthemweredim･Comparingtheobtain･

edDTAredtsofpropelhntstothoseOEptLreCOnSti･

tuerLt,thereasonsCausedtotemperattlredifferences

coddberadonalIyp essed･Thefirstendotherm

ar｡tJnd50℃ isbeueyedtobetheTneldAgOEPCL

plymer.The引㌍OndaJ)dthirdendotherTnSmightbe

d)ephasetraJWition80EANcrystalhe･Accordingto

literattlreLO).theg-LorTn(oTthorbmbic)ofANtran･

sitstod-forth (tetragonal)at84･2℃,aJldthen

transferstoe-Em (cubic)at125.2℃.TheEorthen.

dothem mightbeduetome)血goEAN･UrbaASkilO)

repttedthemel血gpintofANis169･6℃.Thefifth

endothernictenperattm iSbelieyedtobethemel血g

oERDX.n匂陀VCretwoeXOthermsonDTActmes

ofA-sedespropelhnts,butodyoneonthoseofB-

seriespropelhJ)tS.Th朋杷tWOe9LOthermswererather

closed each other.The e7LOthermic peak

tempeTatureSattainediJltheI)TActm esofpure

RDXadANⅦ 241.1℃ad2TT.1℃,TtSFEdivdy･Frtm

thecompansonoEDTA ctmesofA-seriespm･

蜘 tstothseofcBdIpta consdttlent･iti9beuey･

edthtthefirstexothermiSduetodecompositionot

RDXandthesecondoneiscausedbyANdccompoSl･

don.Iti8fotJJIdthatthe丘rstexotherTrLicpeak

teJnPerattm WaslowerthaJlthatofRDX･TheSeCOnd

exothernicpeaktetnpcmttm 血 ppedtnorethan25

℃h th上ofAN.neenergyreleasedbydecom･

posedreacdonoERDXa usedthe也ruerd∝omposi･

LionofAN.

FigtEre4illuBtrateStheTGAd∝ompsitioncqryes

ofa-seriespropdhJttB･purePCLandRDX･Ap･

pm dy.therewzL8Onlyonestageweightloss如 wn
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ttIr4 tOc)Fig.4 TypicalTGAthennograJnSOf
PCL,RDX,andtheir

mixtureshtheTGA cWYeSOEpu托 COmpOnentS

.btJttwostagesshowninthoseofpropelhnts.The

TGAcut.veofRDXdescended血叩 lyindicatingahst

decoTnPSi･lionreaction.TheTGA curyeoEPC

LdeclinedgraduallyintiTTutingaslow d∝ompos

ition･TheshapeoEthefirststageweightlossofdec

otnpsitionmrVeSOEB一駅riespropelhtvpasTd ersim

ihrtothat｡fRDX.ThesecondpartofTGAcurvcS

WasrehtedtoPCLdecomposidozICtPe.lnthisrepr

d.itmightimplythatPCLiscompatibl

ewithRDX･Fipre5showSthetypicalTGAweightl

osscutvesofA-8eriespropeuants.Therewere

twostagesWeightlosesinbothcuryes･neA･4prop

ehJltCOm-prised80weightpercentsofenergeticcom
pounds(40vt%ofRDXaJld40wt%ofAN)･The

rewere20WeightpercentsofRDXrephcedbyPCL

inA-5pm･txb t.Asexpedzd.dte血丈軸

噛 l肺 dA-4m evmsSharperthrLthatofA-5one･ne

rehtedDTAcurves0fA-4andA-5propcuaAtBa

reShom inFigure6･Forthesamereason,thehei

ghtoEeK-othermofA-5propeuazItⅧ loyperthJlt

hatofA-4KagYaKayaku･Vol･54･No･5･1
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propelhntspropellant･As aLorementioned.there

areseveralsmallendothetnsonDTAthernograms

ofA-seriespropelhnts･FromFi即re6.themelting

endothennofRDXyirtuauydinppearedontheDTA

curveaA･5propeuzLnt.ItshouldbereJW kedthatt

woemtherTnSbydecompositionoLRDX andAN a

repartiallyoverlapped.Both e9LOthemi cpeakt

emperattm oEpropenazItSappadendydroppedcompariJl

gtOth06eOEpureRDXa

JtdpureAN･Figure7compam theDTAcurvesof

propdlalItSwith(AI3)andwithmt(a-2)AN.n怨e

twoprOPeh tscontainedthesameamOtntOEPCLbi

nder,Onlyasingleaothermicpeakcoddbesee

nintheDTActlryeofB-2propdhnt.Twosplitexo

themi cpeakswereobseryedEorA･3propelhJlt.Th

eexothermicpeakaB-2propehntismuchhigherthzLnt

hataA-3巾e.Thisis既peCtedbecausetheheatofdeco

mpositionofRDXisl喝 erthanthatoLANも).Ztisnot
edthttherearenoendotherTnSOntheDTAm JVeOf8-2pro･ tぎA.こ3.･･重し一Q.).LP.

Od.さ ○ !8 100 1!0 200

柳 300 3507岬 ,LttL,.tOclFig.7 ComparisonofDTA curvesofA-3(with

AN)anda-2(withoutA N)prDPenaJl



Eerentialthermalanalyzer(DTA)aJldbyather･

moqavimetricanalyZer(TGA).Fromresultsofthe

MVSTexperiments.theevolyedgasyolumesofmix-

brescontainingANweremuchhrgerthaJltho昨oE

one8withoutAN.Thereweretwostagesweight

losscsobseryedintheTGActuyesofpropelhJltS.

thepercentageoEweightlo弘du血gthefirststage

wasclosedtotheweightpercentageofoxidiZerCOrL･

tained.ThePCLpolym erWasconftrmedtotECOm･

patiblewithRDX.FromtheDTAmeaBWementS.the

exothernicpeaktemperatweoEANobviouslydrop･

peaWhenbod)ANaJldRDXweresimultzLneOuSIy

presentedinthepropelhJ)t･
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バインダーとしてPolycaprolactoneを含有する推進薬の熟的挙動

黄 綬家●,薬 早蛮暮,彰 匪成◆●

Polycaprolactone(PCL)とRDXを含む推進薬の熱的性質を熱盤盈分析 (TGA).示並熱

分析 (DTA)および改良井空安定度試験 (MVST)を用いて耐定 した｡その結果璃殿ア

ンモニウムを含むPCL-RDX推進薬は硝酸アンモニウムを含まないものよりも多丑のガス

を発生することが確認された｡また.硝酸ア･/そこウムの発熱温度は,RDXの存在により

低下することがわかった｡
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