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Effectsofadditionofsurfactantsonviscosityof

uncuredammoniumperchlorate/hydroxyl-terminated

polybutadienepropellant

byMakotoKOHGA'andYutakaHAGIHARA●

Forthepreparationofammoniumperchlorate(AP)/hydroxyl-terminated

polybutadiene(HTPB)compositepropellant,thelowerviscosityofuncuredpropel-

lantduringmmngandcastingisdesirable.Inthisstudy,theeffectsoftheaddition

ofllkindsofsurfactantsontheviscosityofanuncuredpropellantareinvestigated.

Theresultsareasfollows;1)SodiumLaurylsulfateisthemosteffectivetodecrease

theviscosityoftheAP/m Bmixture.TheapparentviscosityoftheAP/HTPBmix-

hJrewithsodiumlaurylsulfatecanbemade30%towerthanthatoftheAP/HTPB

mixturealone.2)TheoptimumaddedamountofsodiumlauryLsulfateis0.005wt%

toHTPB,inordertoobtainthesufficienteffectoFdecreasingtheviscosityofAP/

HTPBmiXture.3)TheapparentviscosityofAP/m Bmixturecanbedecreasedby

theimprovementofthewettabilitybetweenAPandHTPtlprepolymer.4)me

additionofsodiumlaurylsulfateiseffectivetodecreasetheapparentviscosityof

uncuredpropellantandtodelaythepotlife.

1.ln廿Oduction

AmmOniumperchloraLe(AP)/hydroxyI-ter-

minatedpolybutadiene(HTPB)compositepro-

peuantwasadoptedinthisstudy,becauseAP/

m Bcompositepropellantisthemostwidely

usedoneatpresent.Intheprerw ationoEAP/

HTPBcompositepropellant,itisdesirablefor

anuncuredAP/ITI?apropellantwhichisamix-

tureofAP,げrPBandacuringagent,tohavea

Lowerviscosity.

Ingeneral,asurfactantiseffectivetodecrease

theviscosityofasoud/liquidmixture･Itwas

reportedthatsomestJrfactantswereeFFecdveto

decreasetheviscosityofanammoniumnitrate

ReceivedonJanuary27,1998
'DepartmentofChemistry,NationalDefense
Academy
I-10-20,HashirimiZiu,Yokosuka･shi,
Kanagawa,23918686Japan
でEL0468-41｢3810(ext.3585)
FAX04684 -5901

(AN)/HTPBmixture日.However,theeffectsof

theadditionofsurfactantsontheviscosityof

theAP/m Bmixturewithoutacuringa8entOr

theuncuredpropellanthavelittlebeenreported

todate.lnthisshdy.theeffectsoftheaddition

oHIkindsofsurfactantsontheviscosityofthe

AP/HTPBmixturewithoutacuringagentorthe

uncuredpropellantareinves晦ated,anditis

foundthatmostoEthesurfactantsusedareef-

fec也Vetodecreasetheviscosityofsuchimix-

ture.Inaddition,becauseofthedecreasein

theviscosityoftheuncuTedpropellantbased

ontheadditionoFacuringagent,potlifecould

beextended.Detausontheseinvesdga也onsare

reportedinthispaper.

2.Expen.mental

2.1Samples

APpreparedbytheffeeZ:e-dryingmethodZlis

used.APparticlesusedinthisstudyhavethe

m魯anVOlume-surfacediameterof4×10'6m,be-
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Table1Surfactantusedinthisstudy

Surfactant Symbol

Sodium lauーγ1sulfate
ASodiumdodecyleben2ieneSulfat

e BSodiummyrist
ate CLinolicacidsodiu

msaLt Dhur

ylamine ELaurylamineacetate

FFurnura

l GTwee
n20 HTween80 I

Emulgen905 JTrax 冗ingfineandunimoda

lunlikeon甲COntainedindieCOmmOnPrOPeuant
.Theauthorsthinkthattheeffectsoftheadditi

onofsurfactantsontheviscosityofAP/HTPBm

ixturecouldappearmoreclearlywithuseof

AP/m PBmixtureofhigherviscosity.WhentheA

Pcontentisconstantinthecomposidon,th
eviscosityofAP/m Bmix-tureincreaseswithadec

reaslngSiヱeOfAPused.Therefore,fineAPpa

rticlesareusedinthisstudy.HlpBR-45M

(ARCOCo.)prepolymerisusedasamaterialo

fbinder.HTPBwascuredwith isophorone

diisocyanate(lPDJ)ofacrosslinkingagent.

meamountofaddedlpDIinthisstudyis8wt%relativetom PB3),b

eingamordinaryvolume.Surfactantsusedin

thisstudyareshowninTableL SurhctaLn

tSA-Dareanionicones.SurfactantsEandFar

ecationicones.SurfaC-tantsG～Karenonionl

cones.meywere0.001,0.005or0.

010wt%relativetoHTPB.2.2

MeasuTm rTtOfviscosityTheviscosityof

anAP/HTPBmixttlreOranuncuredpropeuantis

meastJredbya爪owtester(ShimadzuCFT-

500C)･ヰschematicdiagramoftheflowtesterisshow

ninFig.1.FortheAP/m Bmixture,endcor

rectioninthecapillaryflowwascarriedout

.Fortheuncuredpropel-lant,theendcorrec也On
couldnotbecarriedOULrrhereasonisasfol

lows:Four viscositydata(combina也onbetween

twodiesahdtwoloads)uereqtJircdfortheend

dorrectioninthecapiI･laryflow4)･Fourviscositydataoftheumcured /Die LoadFig.1Schemadc

di

agram ofthenowtesterpropellanthavetobe

obtainedsimultaneously,becausethecuringrea

C也onoftheuncuredpro-pellantproceedscontinuo
usly.Sinceitisdiffi-culttoobtainfourvisc

osity血 tasimdtzLneOuSly,theendcorrectionint

hecapularyflowOamnotbecarriedoutwitht

heuncuredpropeuanLTheviscosityoftheAP/

汀IPBmi虹ureortheuncu柁dpropellantwasmeast

wedattemperaturerangebetween313Kand3

53K.TheaccuracyofthetemperatLJreControlw

as士IK 刀leLLnCuredprt>peLIantwasalwaysmai

ntainedatthemeastJringtemperabJreinaconst
anttemperaturebox.ThemeasurementoFvisco
sityofAP/ITrPBmixturewasconductedush8ad
iewith¢1×lrrmor¢1X2mmunderaloado

f1.96MPaor3.92MPa.On血eotherhand,山at

ofun｡uredpropeuantwasconductedusingadiewith¢1×lmm

underaloadofI.96MPa.2.3Me

asurementofwettabilityThewettabilityis

measuredbythepenetra-tionratemethods).contactangle.0(°



resentedPythefollowingequatlLon･

r･cosO=
277L I･-=×10ー12 (l)

(S･En.n･PL)2･γL WL2

wherer(m)isacapillarydiameter,S(m2日sa

cross･sectionalareaofvessel,Enln(-)isavoid

fractionofpowdersatclosepackingmeasured

bythetapping,pL(k8/m3)isadensityofdisperse

phase,yL(N/m)isasurfacetensionofdisperse

phase,I(S)is血neandWL(kg)isanosmoticmass

ofdispersephase･ltisreportedthatitisdiffi-

culttomeasurerexactlySl･Otherproperties

exceptrcouldbemeasured,easily･The

wettabilitybetweenAPandHTPBprepolymer

wasevaluatedinthe●followingway.Intheease

ofthesameAPsampleundertheconstanttap-

pingcondition,itcouldbeconsideredthatthe

packingstructurewasalmostconstant,thatis,r

cotJldberegardedasconstant.Thecontact

anglebetweenAPandI¶pBprepolymerisdes-

ignatedas0.(d喝)andthecontactanglebetween

AP.andHTPBprepolymerinacaseofcontain-

ingasurfactantisdesignatedas0.(deg)･.Bythe

calculadn80ftheratioofr･cosO.tor･cosO.,r

couldbereducedandthewettabmtycouldbe

evaluatedfromthevalueofcosO./cosO.･That

istosay,whencosOt/cosO.ismorethantmity,
thewettabilitycouldbeimproved.Conse-

quently,evenirrcann'tbemeasured,theef-
fectsofanadditionofsurfactantsonthe

wettabilitybetweenAPandHTPBprepolymer

canbeevaluatedfromcoseL/CosOo･Thetap･

pingwascarriedoutwiththetappinginstrument

(Hosoka血 mi kuronCo一)･ThevalueofI/WLZ

wasmeasuredwiththepenetrationrate

instrument(HosokawamikuronCo.,Peneto-

analyzer).
3.ResultsandDiscussion

3.1Effectofadditionofsurfactantonviscosity
ofAP/H¶⊃Bmixture

3.1.1Selectionofmosteffectivesurfactantb

decreaseviscosityofAP/HTPBmT'血 re

BecauseAPusedinthisstudywasfinepar-
ticles(meanvolumeIsurfacediameter:4×10~6

m),apropellantcontainingmorethan80wt%AP

couldnotbeprepared.InthisstudytheAP/

HTPBmiⅩturecontaining80wt%APwaspre･

こと
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Table2ApparentviscosityandcosO./cosOoof
AP/HTPBmiⅩturewithsurfactantA

SLS, Apparentviscosity cosO./cosO
o(wt%) (XlO2pa

.S)0.000
3.2 I0.001
2.7 1.040.005 2.4 I.16

0.010 2.4 1.16+proport

ionorSu;tom Bmixture.theminimumofRqis
aboutO･41)･Thismeansthattheeffectofthea

ddl也onoFsurfac-tantAonthedecreasingvis
cosityofAP/HTPBzrdxtureissmallerthanthatonAN

/rrrPBmix-ture.3.1.2Addedamoun

tofsurfactantAInordertoinvestigatethe
effectsofanaddedamountofsurfactantAonth

edecreasingvis-cosityoftheAP/HTPBmixture

,SurfactantAof0.001,0.005or0.010wt%to
げTPBwasaddedtotheAP/HTPBmixtureand

eachapparentviS-cosityoftheirAP/HTPBmixt
urespreparedwitheachaddedamouhtofsurf

actantAwasmea-sured.IPDIwasn'taddedto

uIeAP/HTPBmix-tureinthesamemannerasse

ction3.LI.TheresultsareshowninTable2.

meapparentvisIcosityoftheAP/Jm Bmixtu
rewith0.005wt%Surfactantwasalmostthesa

measthatoftheAP/m Bmixturewith0.01

0wt%one.Theap-parentviscosityoftheAP

/HTPBmixturewith0.001wt%SurfactantwasLarger

thanthatoftheAP/m Bmixturewith0.005

or0.010vA%one_InordertoobtainastulCiente

ffectofdecreas-ingtheviscositybytheaddi也on
ofsurfactantA,itwasfoundthatsurfactant

Aof0.005Ⅵ咋%toITIpBshouldbeadded

toAP/m Bmixture,tnordertoinvestigatetheef

fectsofanaddi-tionofsurfactantAonthewe

ttabilitybetweenAPandHTPBprepolymer.the

followinginves一也8ationwascarriedOULSurfa
ctantAofO･001,0.005or0.010wt%toHTPB

wasaddedtoHTPBprepolymer･r･cosOIand

r･cosOoweremea-sured,andcos0./cosOowasca

lculated･There-sultsoncosOt/cose.areshow
ninTable2･ThecosO./coseowaslqgerthanun
ityforalladdedamoun tsofsurfactantA.TYlisindicatesthatthe wettabilitybetweenAPan

dHTPBcanbeim-provedbytheadditionof

surfactantA.ThecosOt/cosOointhecaseofO･
005wt%Surfactantwasalmostthesameasth

atinthecaseofO･010wt%one･mecosOt/cos
e.inthecaseof0.001wt%stJrfactantwassma山e

rthan thatinthecaseof0.06or0.010wt%one.

Itwasfoundthatthisresultofthewettability

wassimilartothetendencyofadecreaseinthe

apparentviscos･icyofAP/ITIpBzTdxturewithsu

rfhctantA.whichshowedthatthewettabili

tybetweenAl)andrrrPBprepolymerthrough the

additionofsur-factantAwasimproved.Thissu

ggeststhatitisnecessarytoimprovethewet
tabuitybetwehAPandm Bfurtherinordert

oobtainthemuchlowerapparentviscosityo

fAP/HTPBmkture.However,itisdifficulttoimprov

ethewettabilifYbetweenAPandHTPt3pre
polymerhrtherbytheaddidonofsurfactantA.

Othertechniquesexcepttheadditionofsurfac

tantshouldbed&visedfortheimprovementof
thewettability.SurfactantAof0.005wt%toI
TITBwasaddedinthefouowi

ngInvestigation.3.2Effectofadditionofsurfac

tantonviscosityof

uncuredpropenantTheviscosityofmTBpre

polymerdecreaseswithanincreasingtemperatt

Jre.Ontheotherhand.afteracuringagent

isaddedtoHTPBprepolymer,theviscosityo

fHTPBcontainin貞thecuringagentincreasesas

thetimepasses.Inaddition.withanincreasln

gternperaturetherateofthecunngreaction

ofHTPBincreasesand,therefore,itsviscosityof

theuncuredpro-pe止anLWhichisanAP/

m Bmixturewi血IPDLincreases.Theviscosityofthe

unctJredpropel-lantrelatestotheoperating

temperature6)･Asmendonedinsection3.I,thea

pparentviscosityofAP/HTPBmi瓜lreCOuldbe

decreasedbytheadditionofsurfactantA.TYler

eforetheviscos-ityofuneuredpropellantca

nbedecreasedbytheadd氾onof芦urfactantA.In

ordertoinves也一gatetheinfluencesofthe

opera血gtempera-tureonviscosityoftheuncured

propellaIItWithsurfactantA,theappaRntVisc

osi也esoftheun-curedpropellantwithsurfa

ctantAweremea-suredatvarioustemperatLqeS

between313Kand353K merelationshipsbetweentheappa
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uringTime(min)Rg･3Relationshipbetweenap
parentviscosityoruncuredpropellantw
ithsurfactantAandcuringtimeats
ometemperaturesbetween

313Kand353KvlscosityoFtheuncuredpropell

antwithsurfac-tanLAandthecuringtimearepl

ottedlnFig･3･Atatemperatureof353K.the

apparentviscos･ityofuncuredpropellantw仙
surfactantAre一maimedthesmallestfortheRr

st20mjnutesbutincreasedrapidlythereafter･

Atatemperatureof343K,theapparentviscosit

iesweresmallerthanthoseat333KfortheFir

st50mlnutesbutIncreasedrapidlythereafter･

Inthetempera･lureran8eFrom313Kto333

KlfortherlrSt180minutestheydecreasedwi

thanincreasingtemperatureandthereaFter･in

creasedwithin-creasingtemperature.Alower

vlscosityofun-curedpropellantisdesirablefo

rthepropellantprocessabuJty･meope柑血gt

emPemtLJrecouldbedetermheddependentont

he也mesFNenth)mtheaddidonofacuringagentt

owardtheendofcastingBl･Forem ple.whe

nthetimespentfromtheaddidonofthecuring

agenttOWardtheendoleas也ngwasabout180m

inutes.ittunedoutthat333Kwastheoptimu

moperatingtem-peratureforthemixingandc

asdn80funcuredpropellant.TYIisresultisthe

sameasthatoEuncuredpropellantdthoutsurfa

ctant6)･Infol･lowinginvesdga也on.theoperatingtemperatur

ewas333K
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500･Curetime(min)Fig･4Relationsh
ipbetweenapparentviscosltyofuncuredpro
pellantwithorwithoutsur･factant

Aandcuringtimeat333KTheapparentvisc

osltyoftheuncuredpropel･lantwithsurrac

tantAandthat0日heuncuredpropellantwit

houtsurlactantAareshowedagainstelapsingti

melnFig･4.beingmeasuredat333K Theappar

entviscosityoftheuncuredpropellantwithsurra

ctantAisLessthanthatoftheuncuredpr

opeuantwithoutsurfactantA･Andtheincrasing

rateoftheapparentviscos-ityoftJleunCuJ･ed

propellantwithsurfactantAisslightlylessthan
thatoftheuncuredpropel-lantwithoutsurfa

ctantA.Fromtheexperimen･talresultsdescribed

above.itwasfoundthattheadditionorsurFac

tantAwaseFrecdvenotonlytodecrease山ea

pparentviscosityoftheAP/m Bmixture,but

alsotodecreasetheappar -entviscosityofunc
uredpropellant.Itcouldbeconsideredthatth

ereasonsforthedecreasehtheapparentvisc

osltyoftheuncuredpropel･lantarethefollow

ingtwo:I)Theimprovementofthewettabil

itybetweenAPandHTPB.and2)theinterferen

ceoFthecuringreactionofmpヨ.Theinfluenc

eoftheadditionofsurfac･tantAontheviscos

ltyorrrrPBcontainingIPDIwasinvesdgated

at333K.Thereladonshipbe-tweentheappar

entviscosityofm Bcontain-ingIPDIwithSur
factantAandthecuringdmewasalmostthesa

measthatoHTrPBcontainingKayakuGakkaish



tPDIwithoutsurfactantA.Andlftheuncured

propellantw仙 surfactantAwasbelr唱Curedat

333Kfbraweek,theuncuredpropellantcould

beN edcompletely.neseresultsindicatethat
theadditionofsuTfactantAhasLittleinfluence

onthecurin8reactionofm B.Fromthere-

sultsoftheselnvestig細ons,thedecreaseinthe

apparentvtscosltyoftheuncuredpropellantwas

attributedtotheimprovementofthewettability
betweenAPandHTPBinthesamemanneras

fortheAP/HTPBmixturewithoutIPDL

AccordingtOtheexperimentinthislabora-

tory.theupperLimitofapparentviscosityofthe

uncuJ'edpropelhntrequiredtobecastis4-5x

lO2pa･S･Therangeofviscosldeswasap押rent

onesandtheparticularvalueshthisviscosity

obtainedbyusingthis爪owtesterwerenotany

universalones.Abouttheuncuredpropellant

withoutsurfhctantA,theapparentviscosityob-

tahedwhen180minuteselapsedaRertheaddi一

也onOHPDIisapproximately5×102pa･Sandit

istheupperIimitofapparentvtscosityrequired

forcastinglnthisstudy.Therefore.thepotLife

oftheuncuredpropellantwithoutsurfactantA

isapproximatelyI80minutes.Ontheotherhand,

theapparentvlscosityobtalned血hen230min-

uteselapsedaftertheadditionoEIPDLofthe

uJICuredpropellantwithsu血ctantAisapproxi一

mately5×102pa･sand,therefore,thepotlifeof

theuJICuredpropellantwithsurfactantAisaF>

proximately230minutes.¶leSeresultsindicate

thatthepotJifecanbeextendedby50minutes

thJ･Ough theadditionofsurfactantA.Fromthe

experimentalresultsdescribedabove,ilisseen
thattheadditionofsu血ctantAiseffectiveto

decreasetheapparentviscosttyoFunN edpro-

pellantandtoprolongitspodiFe･
4.Conclusions

Forthepreparationofammonlumperchlor-

ate(AP)/hydroxyトtm lnatedpolybutadiene

(rrrPB)compositepropellant,thelowerviscos-

ityofuncuJd propelhntdtJringmixingandcast-

inglsdesirable･Ⅰnthisstudy.theeffectsofthe
additionof1Ikindsofsurfacはntsontheviscos-

ityoftheuncuredpropellantareinvestigated.

Theresultswereasfollows;I)SodiumlauyI
sulfatelsthemostefFecdvetodecreasethevisI

cosityoftheAP/汀ⅠTBmixturehthisstudy.¶le

apparentviscosityoftheAP/げⅣBmi xhnewith

sodiumlaurylsulfatecanbemade30%lower

thaLnthatoftheAP/m Bmixturedon8 2)1一le

optimumaddedamountofsodiumlaurylsul･

fateis0.005wt%stJrfactanttoHTPB.3)rme

apparentviscosityoEtheAP/げⅠアBmi鯉urecan
bedecreasedbytheimproyementofthe

wettabuitybetweenAPandHTPBprepolym er.

4)Theadditionofsodiumlaurylsulbteisef-

fecdvetodecreasetheapparentviscosityoftJn-

curedpJ'OpeIIantandtodelaythepodife.
RderenCeS

1)Y.Arakawa,M.Kohga.H.TsuZukiandY.

Hagihara;̀AmmoniumnltmtebasedCom･

positeSolidPropeuant(2)",I.JapanExpLos.

Soc.,58(2),83188(1997)

2)M.KohgaandY.Hagihara;"Preparationof

FineAmmoniumPerchloratebyFree2:e-

Dryin8",KagakuKogakuRonbunshu.23(2),

163-169(I997)

3)M･Kbh甲andY･Haghara;.Ap-HTpBCom-

posltePropellantUsingUltraFineAmmo-

niumPerchloratePreparedbyFreezeJJY･

ingMethod(3)',I.Tnd.ExpI.Soc,54(2),64-
69(1993).

4)E.ELBaglay;"EndCorrectionsintheCapiI-

1aryFlowofPolyethylene'.J･AppLPhys･,

28(5).6241㍍汀(1957)

5)N.hya;~ChzLraCteriZdonofSolldMaterial

basedonPenerationRateMeastqement~,

PowderSci.EngqJapan.25,38一椅(1993)
6)M.KohgaandY.Ha81hara;̀Experimental

StudyonProcessabultyofAmmoniuJnPer-

chloratenlydroxyl･TermhatedPolybutadl･

eneCompositePropeuant(I)".J.Japan

Explos.Soc.,59,I(I998)

-J72- 火薬学会蕗



未硬化状の過塩素酸アンモニウム/末端水車基ポリブタジエン系推進薬の

粘度に及ぼす界面活性剤添加の効果

甲焚 奴●,萩原 塵事

過塩素酸アンモニウム(AP)/末端水酸基ポリブタジエン(HTPB)系推進薬の製造におい

て,担和と注型の間の矧 ヒ状の推進薬の粘度は低い方が望ましい｡本来験では,未硬化状

の推進薬の粘度に及ぼす11櫛 の界面活性耕添加の効果を調べた｡その蘇果.次のような知

見が得られた｡1)本実験において,ラウリル硫酸ナトリウムがAP/HTPB混合物の粘度を

最も低下できた｡ラウlJル琉穀ナトT)ウムを添加したAP/HTPB混合物の見かけの粘度は,

添加しない場合のそれより30%小さかった｡2)粘度減少に対する十分なラウリル硫酸ナ

トl)ウムの添加効果を得るためには.HTPBに対して0.005wt%添加しなければならない｡
3)AP/HTPB混合物の見かけの粘度は,APとHTPB間の滞れを良くすることによって減少

する｡4)ラウリル硫酸ナトリウムを添加することによって,未硬化状の推進薬の見かけの
粘度を減少させ.ポットライフを増加できた｡

(●防衛大学校 化学教室 〒239-8686椀窮賀市走水1-10-20)
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