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Experimentalstudyonprocessabilityofarrmonium perchloratenlydroxy1-

temi natedpolybutadienecompositepropellant(I)

-Innuencesofoperatingtemperatureonviscosityofuncuredpropellant-

byMakotoKOHGA+andYutakaHAGIHARA'

lTlthepreparationofammoniuTnPerChlorate(AP)/hydroxyl･terminatedpolybutadiene(HTPB)

compositepropellant.theJowerviscosityoruncuredpropellantdoughisdesirablelomixandcastthe

urLCuredpropellantdougheasily.nLeViscosityorHTPBprepolymertowhichacuritlgagentWas

addedincreasesasthetimepasses,butthevjscosilycouldbeexpectedlodecnaSewithallincrcaslng

temTXratureintherlrStStageWhen8nincTW inviscosltyresultingfrothCuringreactionissmall.This

indicatesthattherem帖tbeanoptimum operatingtemperattlreinthepreparationorAP/HTPBpro･

pelhnt.InordertoobtainthelowestviscosilydmingmlXIngandcastIngoruTICuredpropellant.il一s

necessarytousetheoptimumoperatiTlgtemperature･lnthepresentstudytlterelationshipsbetween

theviscosityofHTPBwithacunnga酢ntOrunCutdpropellantandthecunngtimeWereinvcslipted

attemperaturesfrom313Kto353K,andanattemptwasmadetortndouttheoptimumoperatlng

temperatureformlXlngandcastingofuncuredpropeuantcxpenmentally.Theinnuenceortempera･

Lureontherelationshipbetweentheapparentviscosityoruncuredpropellantandthecuringtimeis

similartothatbetweentheapparentviscosityorHTPBwiLhacunngagentandthecunngtime.Itis

foundthattheoptimtmoperatitlgtemperatureformJxlngandcastingoruncuredpropellantisidenti･

calwiththetemperatureatwhichtheapparentviscosltyOfHTPBwithacumgagentisthclowest.

1.lntroduction

Am moniumpercblorate(AP)/hydroxyI-termitlated

polybtJtadicne(tm B)compositepropellantwasadopted
inthisstudy.becatJSeAP/HDBcoJnPOSiteprofN:lIantis

themostwidelyusedoTleatprCSetlLlnordertodesip the

formulationorAP/HTPBcompositepropellant.it'snec-

essarytospreadtherangeofaspecirICimpulseofAP/
ttTPBcompositepropelhTltwidely,珂 榔iallytowardsa

highspecificimpulseredon.SpecificimpdseofAP/HTPB

compositepropeuantincreaseswithanincreasingAPcon-

tentandwhentheAPcontentisabout90wt%,themaxi･

mumspecirICimpulsecanberealizedtheoreticallyII･Be･

切uSeallupperlimitofAPcontentinpropeuantexiststcch･
nicallyforthesizedistributionofAPtued2I,theupper
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limitorspecirICimpulsemustbeso.Inordertoincrease

theupperlimitorspeci丘cimpulse,it'stIecessaTytOincrease

theupperlimitofAPcontentThepurposeofthissttldy
wastorlndouttheoptimumopemtJngtemperatureunder

theoptimumoperatingconditions.

InthepreparationofAP/HTPBcompositepropellant.

APismixedwithHTPBprepolymerandacunngagetltis

addedtotheAP/HTPBmixttJre.TheAP/HTPBmixture

withacunnga野nt,Le.,theuncuredpropct)aTltismixed

Rpmandcastintotherocketmotor.Alowerviscosityor

uncuredpropellantdoughisdesirabletomixandcaSlthe

uncuredpropellantdougheasily.neviscosityoruncured

prope)lantisinnuencedbyAPcontent,sizedistribution

ofAP.curingtime,temperature,etc.lTlthecaseorthe

propellantwiththesamepafdcledistributionandcontent

ofAP.itislikelythattheviscosItyofuncuredpropellant

lSgreatlydependentonthatofliquidprepolymerHTPB

andtheviScosityoftlnCuredpropeuantdecreaseswitha

decreasingviscosityofHTPBprepolymer.Theviscosily
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Fig.1SchematicdiagramoftheflowtestJ:rofm Bpre

polymerdecreasesdthAtLincTeaSmgtem-peTattm .O
ntheotherhad.AhrAcurizISagentisaddedtoHTPB,they

iscosityofHTPBcontAirLhgacuritIgaBentincrcw asthe血旭p

aSSeS.hAddition,withaJIitlCreiLS-1tlgteZnPeratuZeth

erateOfthecumgT%CdotLOfHTPBitlCreiLSeSaJld

,thererozc,itsviscositylnCreASCS.¶血indi-cates

thattheoptitnum operatinltCTnPeratureexiststoob

tainthelowestviscoiilyduringmlXJngaJldcasthgofuncuredpropehJtLl

tisimportantforthepreparationofAP/HTPBcompositepropeIhJ)ItOrlndoutt

heoptimumoperatingtemper8tu托rOrmlmngandcaStins

oruncuredpropellant.lnthep托紀ntStudy,aterel

ationshipsbetweentheviscosityofHTPBprepolyTnerOrtn

Curedpropelhntdoughandthecuringtimewerehveitipt

ed&tvarioustemperatures.aJldan&ttetnptwasTnadet

orlndouttheopdJmLmOPCm血stcmperatweform氾ngandc

aS血goruncurdprope山肌tCOLPenmentAJly.2.Experimental2.1S

ampToSAPp-cp抑dbythe触 り血smethods)wasused･nem飽nVOltLme_6urf8CediameterorAPis4×1018m.AP partic

lesusedinthisstudyarerlneandunimodalunlikeon

cscontainedinthecortmonpropelhnt.WhentheAPconten

tisconstantinthecompositiot),theviscosityofAP/HTPBmixttHtincTCaSeSWithadecTeiLSIJ)&dzeofAPtL

Sed.nererorefheAPparticlesweretJSedint

hisstudy.fnTBR145M(ARCOCo.)prepolymerwastLSe
dasamatedatofbinder.m Bwascuredwithisophorone

diisocyamte(IPDI)ofacrodinhngaSent_TbamoutLt

OrddedTPDlinthisstudywas8wt%托)&tiyetoHTPB2)

aJlditisanordinaryyoluEne.2･2Measuremento

IviscosityofHTPBprepolymerquncuTedpTt)PeJlantdo

ughTheapparentyiscosit
iesorHTPBonJJICuredpropel-lantweremeasuredby
anowtester(Shim&dZuCFT-5

00C).Aschematicdi&granoftheflowtesterisshowninF

ig.I.EndcomctioninthecaPi)hrynowcouldnotbecarriedoutinthisstudy.TherewnwasasfoIJows:Four

yiscositydata(combit)81ionbetweentwodiesandtwo

loads)arerequiredfortheeTIdcorrectionintheca
pillarynow4l･Fourviscositydatahdtobetaker"imult

aneotdy,becausethecunngreactionorHTPBwithIP

DIorun･curedpropehntproceedscoAdnuot岱Iy.Sinc
eillsdifM ttotakefourviscodty血tAsindtaneo帖l

y.thecndcorTCC･lionit)thecapilhrynowcouldnotbecar

riedoutinthisstdy.¶旭APPaJqtYiscodtiesofHTPBandtJnCudpm

･pell姐
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RelationshipbetweenAppa柁nlviscosityofHTPBprep

oLymerwithoutIPDtandtemperatureofcuringreacdon,an

absolatevalueordecTeaSlngrateOrviscosityofHTPBwit
hrPDIresd血gfromanincrcmeTltofthetemperaturewaslarge

rthanthatofanincreaslngrateofyiscosityresul

tingfromcunngreacdon･hordertoveri&thissuggesdoT)
,theinnueTLCeSOftemperatureonvis･cosityorm Bwi

thIPDIwereinvcsti伊ted.neappar･eatviscositiesor

HTPBwithIPDIwereTneaSuredatyari･oustemperaturesfr

om313Kto353Kandtherelation･shipsbetweentheap

parentviscosityofH¶〉BprepolymerwithPDIaJIdthe

cudngtineateplottedinFig.3.Ateachtemperature,t
heapparentyiscositicsofHTPBwithPDIaleabnoAthe

sameasthoseofHTPBwithotrtrPDI血owninFig.2fortheGr

st30miAuteS･Tussuggststhttherateofcu血greacdono

fHTPBisslowforthe危rst30mintJtei.Wh enthetemperature
iS353K,theapparentviscosityofHTPBwithIPDIis

smallestforthefirst30mintlteSbutincreasesrapidIyt

hereaAer.Whenthetemperatureis343K,theappare

ntviscosiliesofHTPBwithIPDIa-edmostthesamea

sthoseat333Kfortherust80mitluteSbutin･ctw Ta

Pidlythereahr･Whenthetetqm brerisesfrom313Kto333K,

for180mi nutestheapparentyiscosi血 of･fTTPBwithtPDIdecr

easedthanhcreasingtemperatureandtheTeafterincreas

ewithanincreasitlgtemperature.77IeSCfactsindicatet

htfrom313Kto333Kabsohtevalueofadecreaseinapparen

tYiscosityofHTPBwithIPDtresultingfromanincreTnentOfthctemper

atu-eislargerthanthtofanincreaseinapparentviscosityresul血gfrom

curingreactionfor180minutes.andat
highertemperatun s
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Figl
3RelationshipbetweenapparentviscosityofHTPB
prepolymerwithlPDIandcuringtimeatsometem-

pcraturesfrom313Kto353K

tha T1343KtherateofthecunTlSreactionincreaseslargCly･
3･2Fte
ladonshipbetw*napp訂entVZscosityofuncwed

propellantdoughandcuringtime
ApropelhntcontainitIgmo一ethan80wto/Wcouldnot
beprepared,
becauseA
P
usedinthisstudywashepar-
ticles.F
irsttheapparmtyiscositiesoftheAPJHTPtlmix-
turewithIPDI,
i
.e..
theuncuredpropellantdoughcon-
taining80W仲もAPweremeasuredatvarioustemperatues
from313Kto353K.
Therelationshipsbetweentheap･

paTmtYiscosityofthcuncuredpropellantdoughcontain-
ing80wt5inandthecuringdJTLeareplottedillFig.
4
.At

eachtemperatute,theinc
reaseilltheApparentviscosities
ofuncuredpropelhtItswassmallrortherIrSt30minutes.

nisindicatesthatthetaleorthecunngreactionofHTPB

issLowforthefirst30minutcs.
Atthetemperatureof353K,
theapparentviscosityofuncuredpropellantisthesmall-
estforthefirst40minutcsbutthereafteriTICreaSCSrapidly.
Atthetemperatureof343K,t
heappaTCntViscositiesare

aImosttheszLmeaSthoseat333KfortherlrSt50miTluteS
butthereafteriACZurapidly.
At343Kor353K,
it'sTIeC-
essarytomixandcasttheuncuredpropellantin血orttime,
becatLSetherateoftheincreaseintheapp…t
vi
scosity

growsrapidly.
hthetemperaturerangefroth313Kto

333K
,
forI80minutestheapprentviscositiesdecrease

withanincreasingtFmPeratureandtherea触rincreasewith

anincreasingtemperature.
I
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in)Fig.4Relado血ipbetweetIappaJmtYiscodtyoruncu

redplDPellantdoughcontainig80W脚 Andcur
ingtineatsometetnperaturesfrom313Kto3

53KlantdoughcotltAinin87Bw也もAPWZLSPrePad mdits
Ap･p&TCntViscosidesweTCtneaSuredatvdoustemperatu

resfrom313Kto353K.TherelationshipsbetweeTIth

e叩･pa間ItViscosityortheuncuredpFOPelJantdoughconla
in-ing78wtÔn atldthecudngtimea柁PlottedinFig.5.

ThediLrerenceinapparentviscosityresdtingfromavari

a血nofthetemperatureoftheuncu托dpro四uAntCOTltAiTl

it喝78wIW issnderthaJIthatoftheuncuredpIO騨lh

tLLcontaining80wtÔN .nerefoFe,theateoftheinQ
W●inappamtyiscosiqloftheuncuredpropelhntcontain
ing78wLO/n issmallerthanthtoftheu)curedpropCll

antcontAinitLg80W… .ltcouldbespec血tedthtth

esefactsareattributAbletoanincTCaSeinthepropordon

ofliquidpzepolymerm B.AtthesaJnedne,theAppaT

eAtviscosityofthetncvredpropeuantcontaining7
8W…●
iisdiWermthmthatoftheuncuredpropellantconta
nmg80wt%AP.However,therehtionihipsbetweentheAPp
ar･eTltVhcosityoftheuncuredpropellantcontAini

rIg78wt%APaJ)dthecu血&dmea柁Simihrtothoseor

thetJJlCudpmpelhJttCOtltdining80W脚 .Fromthese
re-sdts.itisfoundthattheiduenceoftemperatuJIOn

therelAdonshipb仙髄ntheappazmlviscodtyofthetncu
redpropellantandthecu血stimeissim血rtotbtorHT

PJlwithPDI.¶血indicatesthAttheviscodtyofuncured

prかpeuantisgr%dydependentotLtbtorlrITB.Wh enre

a1-rzLn由唱the弼 ults.itissect)thattheop也muno四

m血gtcmperAtuztformixingaJId切丸i喝Oftncud propeh

JItcaJIbedetcmi tIedb舶dotItherdadonshjpbtweenthe

100Curingtime(m
in)Flg.5Reladonshipb tw既llaPPDentYiscodtyofu

ncurdpropeuaJItdoughcot)tAiJlig78W伽APaJtdcuri

ngtimeatsometemperaturesfrom313Kto353KappareTlt

ViscosityofHTPBwithIPDIaJ)athecubg血 eshowTlinFig.

3.AsmentiOnedabove.thelow打YiscodtyofuJICuredpropIJ

aJ)IisdesirabletomixaJIdcasttheun･curedprope

llant臨Sily･ForexamplewhenthetimespentfromtheadditionofIPDItotheend

ofcastjn卓WaSlessthan180minutes,ittunedouttht

333Kdastheopti･TtIumOPentingte血peraturefor

mlXlngatldcastingof■■LLnCuredpropeuanLTT

Le血 ityofthetJJKuredprofdhELtisinfhncedtLOtonlyb

yo押ra血gteqm turebutAlsobyAPcontentandsizedistdbu

doAOfAP.lnfutwe,whentheinnuenccsorAPcont
entAtldsizeofAP孤 yiscosityoruncuredpropel･l負ntarebbeinvesdgated,theoptimtJJtIOPeratjnst

em･peratu柁ShoddbemowedfortTheop也umoper

AtInStctnperzLtureCOddbedetemi nedhmtherelaLio

t)shipbctweentheapparetltViscosityofm BwithJPD

IandthecuretimeshowninFig.3.4.Conclu$lonsInthepre

paJd onofaznmoniumperchlorate(AP)/hy･droxyl･termi

nAtedplybutAdiene(m B)compositepro･pet)aJ)I.the

loweryiscosityofuncurcdpropellantisdcsir･able

tomixandcasttheuncurcdpropellanteasily.neviscosity

ofHTPBpzp )ymerwithacudnga辞ntitICreWasthedmep
asses･However.theviscosityofHTPBdthA● _
■ ●.■ ● ●ctLrtnS8匹

ntdecreaseswi th anincrevtDgt咄 声ratureintherlrStStAPVhetlaJ



obtainthelowestviscosilydudnsmlXJngandcastingOr

tJJICuredpropeuaJILit●snccessaJYtOfhdouttheop血um

operatitlgtemperature･lnthepresentstudytherelation-

shipsbetwcentheviscosityorJm BprepolyTnCrtOWhich

actlnngagentisaddedor8nunCuredpropellantdough

andthecuring血ewereinvestiptedattemperaturesfrom

313Kto353K,andanattemptwasmadetorindoutthe

optuIumopem血gtemperaturerorTnmngandcastingor

umcuredpropellaJlt叩 nmentAuy.TTLein爪uenceortem･

peratweonthelelatiorLShiphth欣ntheappazmtYiscw

icyortmcuredpropeLhntandthecuJing血eissimihrto

thatofHTPBwithacqnngAgent.Thisittdicatesth&tthe

viscodtyofuncudpropelhntisgreadydepetldeT)IOnthat
ofHTPBprepolymercontdmingamnngaBent･Itkfound
thattheopbmumOTXratingtemperatureformlXlngand

casingortJnCuredpropeLLaJltisidenticaIwiththetempera･

tuftatwhichtheapparentViscosiLyOrHTPBwithacqト

lngagentbecomesthelowestdurhgm)xlngandcastingor
unculedpropellant.Therefore,theoptimumoperating

temperaturecouldbedeterminedfromtherelationship

betweentheapparentyiscosityofHTPBwilhacunng

agetItandthecunngllme.
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過塩素載アンモニウム/末端水敢基ポリブタジエン系推進薬の製造性

に関する央故的研究

一 乗硬化推進薬の粘度に及ぼす操作温度の影響 一

甲賀 誠●.萩原 豊●

過塩素敢アンモニウム(AP)/末端水敢基ポリブタジエン(tm B)系推進薬の製造において,

未硬化推進薬の撞和と注型を容易にするために,未硬化推進薬の粘度は低いことが要求され

る｡架橋剤を添加したm Bの粘劇も 時間の経過とともに増加する｡しかし,架輸反応が

あまり進行していない初期段階において,その粘度は温度が高いほど小さいと考えられる｡

したがって,兼硬化推進薬の担和と注型における最適操作温度が存在する｡本実験では.313

～353Kにおいて,mPBプレポリマ及び未硬化推進薬ドゥの粘度と時間の関係を調べ,未硬

化推進薬の撞和と注型の最適操作温度を兄いだすことを拭みた｡未硬化推進薬の粘度と時間

の関係札 架橋剤を添加した汀ⅣBのそれらの関係とほぼ同じ傾向を示した｡程和と注型の

最適な操作温度は,架輪剤を添加したHTPBの粘度が最も低い温度である｡
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