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BecauseoftherequirementsforthepreparationofammoniuJnperChlorate(AP)/hydroxyl-

terminatedpolybutadiene(HTPB)compositepropellant,therei88nupperlimitcontent,

¢P..,(wt%),ofAPcontainedpropellant.Iti8neCe88aryforthede8ignofAP/HTPBcompo8ite

propellanttoestimate¢nu..InthisStudy,anattemptwa卓madeto6mdouttheuniver8al

powderpropertyofAPwhichcandetermine¢ .,u.,fromtheStandpointofthevi8COSityof

AP/HTPB suspension. There8ult8areaSfollow8:1)Concemi ngAPnEITPB Su8pem8ion8

preparedinthisstudy,therelationshipbetweentherelativevi8CO8ity.77,(-),andthevolutne

fraction,¢r(vo1%),canberepre8entedbytheMori-Ototakeequation.Aand 少 .rwhichare

constantintheMori-Ototakeequationaredependenton8peCiGc8urfacearea,S.,(mZ/kg),
mea8uredbytheair-permeabilitymethod.Iti8foundthattJ,Canberepresented88the

functionofれ andSw,･2)77,OfAP/HTPB8uSpen8ioncontaining¢n,qxwasalmostconstant.

3)少 ,M increaseswith decrea8ingSwp･ Therelation8hipbetween ¢ P,ptandSwpcanbe
representedbythefollowingequation.

¢P,.W=85-0･01S .V (40m'Ln喝 ≦S.,≦1200m2Ikg)

ItiSfoundtbt少.m canbee9timatedfromS.rp･

1.Introduction

Ammonium perchlorate (AP)/hydroxy1-

terminated polybutadiene (HTPB) composite

propellantwasadoptedinthisStudybecau8e

AP/HTPBcompo8itepropellanti8themostwidely

tISedoneatpre8enttiJne.Inthepreparationof

APrEITPBcompositepropellant,APismiXedwith

HTPBSu瓜ciently.TheAPrEm B8uSpenSioni8

addedwith8Curingagentandmixedagain.The

AP/HTPBSuspension,addedwithacuringagent,

hBfluidityforawhileafteritsaddition.The

APrEtTPB8uBpenSionaddedwithacuringagent

duringthisperiodiBCalledanuncuredpropelhnt
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inthisStudy.TheAP/HTPB8u8pen8ionadded

with a curing agentwasde8igmted aSan

uncuredpropelhnt. Theuncuredpropellant,

mixedSufficiently.i8Ca卓tintotherocketmotor.

Thereforeit'8requiredthtatcastingtheuncured

propellanthasthe8uitiLblevisco8ity. Onthe

otherhand,when the proportion ofbubble

contaminationinAPIHTPB00mpoSitepropellant

i8mOrethan 2.0vo1%,theburningrateof

the propellanti8 influenced by the bubble

contaminationandconsequentlythereproducible

bumingratecan'tbeobtainedl).Thati8tO8ay,

thereliabilityoftheburningratei8poor. In

ordertopreparethepropellant,ofwhichthe

burning rate i8nltinnuenced by thebubble

contamination,iti8neCe88arythattheproportion

ofthebubblecontaminationinthepropeuantiS

lessthan2.0vo1%.TheuncuredpropellantiB
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mixedandcastunderavacuum inorderthat

theairmaynotbeintroducedintotheuncured

propellant.However.whenthevolumeofHTPB

iSSmallerthanthatofvoidinAPpowder.itiS

likely that the proportion or the bubble

contaminationinthepropellanti8morethan

2.0vo1%.BecauseOftheabovetworequirements

for the preparation ofAP/HTPB compo8ite

propelhnt,the upper limit content ofAP

containedpropellant,め .加.(wt%),exi8t8!り'.

Theburningrateandthe8PeCi丘cimpu18eare

the very importantpropertie8 0fpropellant.

Wh enapropellanti8PreparedfromacertainAP

sample,theburningrateandthe8peCi丘cimpulse

increasewith increaさiJlgtheAP contentand

the8eValues0fthepropelhntcontaining ¢ ,LLu

aremaximum.If¢ n,a.couldbeestimated,the

maximtlmburningrateandBPeCifLCimpu18ccould

bedeterminedeaさily.ItiSanimportantSubject

forthedesignofAPIHTPBcompositepropellant

tomaketheestimationof¢ .A...Iti8reported

that少 .zLdu.Canbeestimatedbyavoidfraction,

End.(-)attheloo8epackingofpowderZ)I". The

valueofE.wvarie8withthechangeofhumidity,

temperature,materialofCylinder,dropheight

ofpowder,etcl)･Thati8tOSay, En,A.i8dependent

即eatly on themeasuringcondition. Iti8

diLZiculttomeasure E.zzd.tinderstrictcon8tant

conditions. Therefore,it is not easy tO

estimate¢nLdt.byuseOfEnd..Iti8neCe88arytO

8mdouttheuniver8alpowderpropertywhichcan

e8timate ¢ D,,i..

MoriandOtotake8lreportedthatthisrelation･

Shipbetweentherelativevi8COSity,77,(-),andthe

volu皿efractionof801id,¢p(vo1%),ofconcentrat-

ed8u8penSioncanbeexpre88edbythefollowing

equation.

〟.=1+
(loo/少.)-(1/〟.,)

(1)

whereAaJld ¢ lrareCOnBtantandaredependent

ontheparticlepropertyofthedi叩er80id. If

therelationshiportheconcentratedAP/HTPB

8uSPenSioncouldfollowEq.(1)andthedominat･

ingpowderpropertyforAand¢.ycouldbefound

out,itisexpectedthatc5.,I..couldbeobtaineda8

8functionoftheparticleproperty. Inthis8tudy,

anattemptwasmadeto丘ndouttheuniversal

powderpropertywhichcane8tiJnate¢n,A,,except

-J58-

Eh,a.. As aresultofthi8Study,itiSfoundthat

Ci伽.Canbee8timatedfrom8peCi丘C8urfacearea

measuredbytheair-permeabilitymethod.This

papergiveStheexperimentalreSult8forthe
determination.

2.Exporirnenta1

2.1Samples

APSamplesusedinthi且Studyare8hownin

Table1.SamplesAIEwerepreparedbygrinding

commercialAPfor5,10,20,30and40minutes

withavibrationballmill.TheShapeofSample8

A-Ewas8Phericalandthewidthofparticle8iヱe

distributionwaswide(51200LEm).SampleFwas

preparedbywasShi氏inggroundAP. A80mic

siRer(SW-20,nltuirikngaku)wasusedandthe

opemingofthesievewas38LLm.TheShapeOf

88mpleFwa卓8Phericalandthewidthofparticle

8izedistribution wa8narrOW. Sample8G-Q

werepreparedbythe8pray･dryingmethod州 .

Sample8RandSwerepreparedbythefreeze-

dryingmethods)･ The8hape80f88tnple8G-I,

Samplesa-0 and8amPle8p-Swere叩herical,

porouさand hollow.re8peCtively. The width

ofparticle さi2NBdistribution of8amPle8G-S
wasnarrow(0,5-17LE氾).Meanvolume-Surface

diameter,D y,(jLm),Onthenumberba8i80fAP

usedinthis8tudyAreShowninThble1.D,,iSin

therangeofl.6tol10JLm.

HTPBR-45M(ARGOCo.)wasusedaBAbinder.

HTPBwascuredwithi80Phoronedii80Cyanate

qPDⅠ).IPDIwasaddedto8wt%ofHTPBIO).

In ordertodetermine 少 .W .apropellant

8ampleshouldbepreparedwiththeoptimum

operatingcozldition. Theoptimum operating

conditionwasStudiedinRef.10.InReゐ.2And3.

thepreparationofthepropellantSamplewas

determinedontheba8i80fRef.10and ¢mh.WaB

mea8ured.ThepropellantSamplew舶 prepared

accordingtoRe良.2and3inthis8tudy.

2.2NeasLJrementOfspec-diesur鳥coart,a

SpeciLicSurfaceareawa8mea8uredbytheBET

absorptionmethodorair-permeabilitymethod.

Speci丘cSurfacearea,3.,A(m'Ln喝),measuredby

theBET absorptionmethodiBdeterminedby

anatnOuntOfgasabsorbedontheSur血ceofa

particle. Nitrogenwasu8edaStheabsorption

gaSforS,,A. Specificsurfacearea,Sd(m.Lnig),
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TAble1 Particlechracteri8tic80fAPu8edinthi且8tudyand¢md..

Symbol SAmPle 乱ape Dw (LLm) Svh(が′kg) S叩 (mソkg) ¢棚 .

(Wt%)A APgroundinvibrationmi11for5minutea Spherical llO l

60 40 85B APgmundinvibrationmillforlOminute8 Spheri

cal 70 80 50 85C APgroundinVibrationmillfor20minuteB S

pherical 50 ]50 100 84D APgmundinvibrationmillfbr30min

utea Spherical 40 )90 150 83E APgroundinVibrationmillfor40minute8 Spherical 40 210 l80

83F 38JLmpa88d Spherical 20 380 260 B2G APpreparedb

ytheSpray-dryingmethod Spherical I.6 2000 1060 75H APpreparedbythe叩ray-dryingmethod Spherical 2.0 柑00 450 76

I APpreparedbythe叩rAy-dryingmethod Spherical 2.6 1700

780 77∫ APpreparedbytIle叩ray-dryingmethod Porou畠 6

.3 2100 lOlO 73K APpreparedbythe叩ray-dryingmethod P

orous 7.5 900 840 BOL APpreparedbythe叩ray-dryingme

thod Porou8 7.I 1500 940 77M APpreparedbythe叩ray-dry

i叩method Porou8 4.1 1900 990 77N APpreparedbythe8Pra

y-dryingmethod PorotIS 3.1 2100 900 740 APprepar

edbytIleBPray-dryingmethod Porous 3.9 1600 860 76P

APp托paredbythe叩ray一山yingmethod Houow 2.7 3100 1200 72Q APpreparedbyttle叩ray-dryingmethod Houow 2.9 2600 1160



measured by theair-permeability method is

determinedbythepermeabilityorairwhenit

pa88e8throughapackedbedofpowder･S.,pis

innuencedbythevoidfractionofapackedbed".

Accordingtoapreliminaryexperiment,itwas

foundthatSqpofAPusedi且n.tinfluencedbythe

voidfractionwhenitiSintherangeofO.3to0.5.

Inthisstudy･SF,wasmeasuredbyuseoftheAP

pckedbed,ofwhichthevoidfractionwasinthe

rangeofO･3toO151ThephysicalmeaningofSvis

differentfromthatofSl,A.

2.3MeasurlmentOfviscosity

A viscosity ofAPIHTPB 8u8pen8ion was

measuredbyanow testerinthisStudy. The

measuringtemperatureWas333士lK,Sincethis

wasthetemperatureuSedformiⅩingandcasting

ofAP/HTPB 8uBpen8ion in thi8 8tudyか洲 0)

A¢cording to the re8ult or a preliminary

experiment,thenow curveoftheAPrHTPB

suSpenBionpreparedinthi88tudyri8eSin a
concavecurve.ThisindicatesthattheAPIHTPB

8u8PenSioniSaP8eudo,pla8tic皿uid.Avi8COSityof

thep8eudo･plaBticnuidi8dependentonaShare

rate. lnthis8tudyitheendcorrectioninthe

capillaryflowlZ)wa卓COnductedattheSharerate
whichwas5003-I.

2.4MeasurernentofburnhBrate

Theburmingratewa且mea8uredinachimney

typeStrandburnerwhichwaspre88uri乞edwith

nitrogenat288士1.6K.Therangeorpressure

wa8from0.5Mphto8MPa.TheStrandSample

wasignitedbyanelectricallyheatednichrome

wireattachedonthetoporeach8trandSample.

TbofuseWiresWerethreadedthroughtheStrand

8ampleat25mmdi8tanCe･ThefuSewirewaSCut ′蒜

a8βoonaBthebuming8urfacepa88Cdthrough the 考rl
fu8ewire.Thebumi ngratewasCalculatedwith 呈
thecutoqperiodoftwofuses.

3.ResLJttSandDiscLJSSion

3.1Specificsurfhcoarea

Sv,andS_,WeremeasuredandthereSultSare

showninTablel･TherangesofS.AandS"are

60-3100m独g and 40-1200m弛g, respectively.

S_,iS013-0･8timesvalueasSq.･Therelation･

ShipbetweenSnbandS..ァi8ShowninFig･l･S .,,

increaseSwithincreasingS q.A.Sincethephysical

meaningofSwpisdifferentfromthatofS.̂･Sw.i8

notinagreementwithS ,^･However,S,bandS E,,

areassociated.

3.2Upper一imitcontentofAPcontJinedinpropollant

lt-8requiredforthepreparationofAP/HTPB

compositepropelhntthatuncuredpropellanthas

aviscosityrequiredforca8tingandtheproportion

ofbubblecontaminationinpropellanti81e88than

2.0vol%れ3)･ め ,n9.WastheIargeStAPcontent

inthepropellants,which88ti8fy theabovetwo

requlrementSforthepreparationofAPIHTPB

compositepropellant.¢ 伽.wa且determinedin

thefollowingwayexperimentallyaccordingto

Refs.2and3.First,theuncuredpropelIant8are

preparedatvariousAPcontentsandthelargest

APContentintlleunCurOdpropellantsWhichhave

thevi8CO8ityrequiredforca卓tingi8determined.

Secondthreelotsofpropellantswereprepared

withtheSameAPcontent.TheAPcontentw88

decreasedbylwt%fromthelargestAPcontentin

theuncuredpropellant8Whichhavethevi8CO8ity

requiredforcasting. Wh entheproportionof

bubble contamination in the propellant iS

less than 2.Ovo1%,the reproducible burning

mteisobtainedl)andtherelationshipbetween

bumi ngrateandpre88urefollow与Vieiue.8law

accordi喝 tOtheexperienceinthislaboratory.

.L)
U字100

-Jβ〃-

10 100 1000 4000

S叩 (m2A(g)

Fig･1 RelationshipbetweenS.handS叩
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A8mentioned above,threepropellantswere

preparedatthe8ameAPcontent.Whenthe

btlrningrateofthreepropellantsisreproducible

andtherelationshipbetweentheburningrateof

theirpropellantsandpressurefollowsⅥeillelS

law,it■8judgedthattheburningrateofthe

propellant isn't in且uenced by the bubble

contamination,thatis,theproportionofbubble

contaminationimpropellanti$lessthan2.Ovo1%.

Inthi卓8tudy,¢.MWasdetermineda8thelarge8t

AP contentinthepropellants,ofwhichthe

reproducibilityoftheburningratecanbeobtained

andofwhichrelationshipbetweenburningrate

andpreSSurefollowsⅥeille'Slaw.Thepropellants

werepreparedfromAPSamples写howninTable1

andburningrate80ftheirpropellantsWere

measured. Forexample,concemingSampleR,

therelation8hip8betweentheburningrateand

pressureofpropellantscontaining79,80and

81wt%APareplottedinFig.2. WhentheAP

contentiSleSSthan80wt%,thereproducibilityof

theburningratecanbeobtainedandtheburming

rateincrease81ineallyinaplotof′n仲urningrate)

versusL'n(pressure),thatiS,therelationships

followVieille'slaw. WhentheAPcontenti8

81wt%,thereproducibilityoftheburningrate

can-tbeobtainedandtheburningratedoesnot

increa8elineallyin aplotofPn(burmingrate)

versusPA(pressure),thatis,therelation8hipdoes

notfollowVieille.8law. The8eresultsindicate

that¢仰.Ofthepropellantpreparedfrom姐mPle

氏i880wt%. Withre8PeCttOthepropellants

preparedfromAPSamPle8ShowninTable1,QJM.

wasdeterminedin the8ameWaya8above.

Theresultsofdm.Z.areshowninTable1. ¢mD.

isin therangeof72wt% to85wt%. ¢mD.Of

Sample8A andB ismaximum,and ¢ mA.Of

8ample8PandQisminimum.

3.3viscosityofAP/HTPBsusperISion

TheAP/HTPBsuspensionwascontainedabove

50vol%APinthisStudy. TheviSCO8ityofthe

APJHTPB suBPen白ion wa白mea畠ured and the

relationshipbetween 77,and ¢ ywa白inve8ti-

gated. AP/HTPB 8uSPenSionwa8nOtadded

IPDI. Some results are shown in Fig.3.

27,increases With increasing¢V.

MoriandOtotakeS)reportedthatthi卓relation一

革hipofconcentrated白uSpenSioncanbeexpressed

5
0

(
s
J

u
u
)
attu
叫
u

!uln凸

5 1 5
10Pressure(

MPa)Fill2 Bumingratecharacteristicsofexp
eri･mentally prepared propellant8

from8ample氏

5000

1000

E
i-l

て 1

00ど 50 55 60 65 70

75¢V(v

ol%)Fig･3 Relation8hipbetween q,an

d¢VbyEq.(I).hand ¢ ycinEq.(1)areconstantandar



Eq.(1) can be converted to the following

equation.

100 h

Ci. 77,-I ･-iT (2'

AccordingtoEq.(2),theplotof1/(77,-I)against

100/♂.givesastraightline.kand少.YCanbe

obtainedfrom theslopeandinterceptofthe

straightline,respectively.Onthebasisorthe

datainFig.3,theplotof1/(77,-1)against100/礼.
i88howninFig.4. Thi8relationShipofthe

APnTPB8uSPenSioncouldbeexpre88edbya

straightline.hand 机 .rwerecalculatedandthe

re8ultsareshowninTable2.Therelation8hip

between 〝,and ¢ γ,obtainedbysubstituting

Aand ¢ ve畠howninTable2intoEq.(I),i8

represented by a 801id linein Fig.3. The

measuredvalue8Canbeapproximatedbythesolid

line.Iti8foundthattherelationshipbetween

77,and功..oftheAP/HTPB8uSPen8ion8prepared

inthisStudycanberepresentedbyEq.(I).

¢ mD.isthepercentagebyweightand 45.･in

Eq.(I)isthepercentagebyvolume. ¢mh,Which

wasconvertedintothepercentagebyvolume

wasdesignatedas¢vn"..And77,OfAP/HTPB

Suspensioncontaining d .･爪D.Wasde8ignateda8

77,◆. As mentionedabove,therelation8hip

between 77,andめ.oftheAP/HTPBsuspen8ion

飴nberepresentedbyEq.(I).Thisindicatesthat

therelationshipbetween 77,.and少.瓜ucanexist

onthecurvepresentedbyEq.(1). Therefore,

27,.canberepresentedbythefollowingequation.

77一-1+
(100/♂.M )-(1/♂.I)

¢ nu.wasdeterminedinsection3.2already.77～
wasdisplayedwith X inFig.3.Itisfoundthat

〟′● isalmostconstant,apprOXimately200.

Since 77,disalmostcon8tant.Eq.(3)indicates

that少､muisdependentonhand 4㌦ .hand

♂ wrelatetotheparticlepropertyofthediSperSOid

andespeciallyAisdependentonD"andspecific

surfacearea51. ItisexpectedthatAand 少 .r

couldbeobtaineda8afunctionofD"and/or

specificSurfacearea,if 少 .でWOuld be also

dependentonDrsand/or8PeCirlCSurfacearea.

TherelationshipbetweenAor¢ 吋andD"is

showninFig.5.As D.～.incr'eaSeS,kdecrea8eSand
¢ 叩increase8.However,theserelationshipswere

2.0

1.8

.8'1.6
i
≡

1.4

1.2

1.0

0.05I/(77.･-1)Fig.4RelationshipbetweenlO

OIれandlI(77,-1)T&ble2 Result80fhand¢yc

Symbol k(-

) ¢Ⅶ(-)A lO 0.732

B ll 0.

731C 12

0.728D 13 0.724

E 】4 0.72

3F 】7 0

.712G 36

0.658H 35 0.662

I 31 0.6

74∫ 39

0.646K 1

8 0.711L 28 0.683

班 30 0.

678N 38 0.653

0 32



8Catteredextensively. TheShapeOf80meAP

samplesu8edinthisStudywereporous0rhollow.

ItcanbeSupposedthatthevoidinporous0rhol-

lowAPparticleswouldinnuenceviSCOSity.Dvs

can'tconsiderthevoidinporousorhollowAP

particle8,becau8eDvsisme88uredonthebasis

oftheprojectivefigureofparticle.Therefore,it

canbeconsideredthattheserelationshipsare
8Cattered.

Wh entheparticlediameteri8COn8tant,8peCi丘C

8urfaceareaofporousorhollowparticleiSlarger

thanthatofSphericalparticle. Iti8SuppO8ed

thatthatthebetterrelationshipbetweenAori -.r

and8PeCi丘cSurfaceareacouldbeobtained,com･

paredwithD" . S.AandSr,wereadopteda8
8peCi丘cSurfaceareainthisStudy.

TherelationshipbetweenAor¢ .randS.,AiB

ShowninFig.6.As s.,iincre舶e8,Aincrea8e8and

¢.rdectea8e8.Theserelation8hip8Showed80me

8Cattering.Porous0rhollowAPhadverySmall

void8andcracksWhichcouldnotbechargedwith

HTPB.S.bi卓determinedonthebasisofthearea

occupiedbynitrogenmoleculead80rbedonthe

8ur血ceofparticle. Thi88uppOrtedthatS.A

wouldinvolvetheSurfaceareaofthevoidsand

cracksWhichcouldnotbechargedwithHTPB.

Therefore,itcan be considered that these

relationshipsaresomewhat8Cattered.

Therelation8hipbetweenAor¢ .randSr,i8

ShowninFig･7･AsS.rincre88eS･Aincrea8e8and

d.ydecrea8eS.Theserelation8hip88how little

8Cattering･ 3.,i8determinedonthebasis0fthe
airpermeabilityofpackedbed.Iti88uppO8ed

thatthesurfaceareaOfverySmallvoidsand

cracksWhichcouldnotbecltargedwithHTPB

couldbeneglected,SinceAirpa88eSthrough in

thepackedbedofAPpowder8088tOSlideonthe

8urLhceofanAPparticle.ltcanbecon8idered

thtSo,wouldrelatetothe8urfaceareaof
anAPparticlewettedwithHTPBatthemixing

ofAPandHTPB. Therefore,itwa卓8uppO8ed

thatS.,wasCloselyrelatedtohandd.r ･ Wh en

Suprange8from 40m21kg to 1200m'LIkg･the

relationshipbetweenAor 〟 .yandSq,Canbe
representedbythefoIlowingequation.

h=10+0･015Sw,+1･2×10-iswp2 (4)

少.f=0･72811･17×lo一一s.,-6･20×10-8sq,2(5)

By8ubstitutingEq8.(4)and(5)intoEq.(1),the

followingequationcanbeobtained.

0

0

5

4

10 101)
0.5

D､､(Ilm)

FiB･5 Relation8hipbetweenhord .randD,,

0 1000 2000 3000 0.5

S"t.(m-Jkg)Fig･6 Relationshipbetweennord ･.randS.A

0 500 100

0 15sl叩くmコIkg)Fig･7 Relation8hip

betweenkorめ-でandSw,KayzLkuQakbishl'.Vol.61.No



〟.-1+
10+0･015Syp+1･2×10-35..'l

(100/♂,ド (1/(0･728-1･17×10~JSwp-6･20×10ー8S.p)

33E

Therelationshipbetween 77,andd.obtainedby

Eq.(6)isrepre8entedbyabrokenlineinFig.3.

Thebrokenlinei8inalmostagreementwiththe
measuredvalue白andt,hesolidline.ItiSfound

that77,canberepresentaSthefunctionof¢.
andsr,inthisStudy･

Itisexpectedthat¢ n.,i.couldberepre8enta8

thefunctionofSw.I Becausethisrelationship

between〝,and功,oftheAP/HTPB･8uSpen8ion

canfollowEq.(1),andhandめ.rcanbeobtained

a8afunctionofsN,.

3.4Esthatjonofupperrlm'AcontentofAPcontJlinoJ
prtlpeHant

As de8Cribedin8eCtion3.3,iti8expectedthat

め.卯.couldbeexpre88edbyS.,. OnthebaSi80f

TableI,therelationshipbetween 少 .nd.andS.,iS

plottedinFig.8. 少,Mincrea8e8Withdecreasing

S v , Theplot少,M againsta ,i8foundtobe
linear. AP8ample88howninTable1were

uni皿Odal. ⅠngeneralAPwhichi8miXedthe

8ample8withdifferentBiZNeSisuseda8anOXidizer

ofAP/HTPBcompositepropellant.Withregard

tobimodalAP,therelationshipbetween¢hd.and

S..wa台investigated.BimodalAPSampleswere

preparedbymixing8ampleSA,G,J,PandR.

Thecompo8itionandS.,ofbimodalAPSamples
areShowninTable3. ¢ m..ofthepropelhnt

preparedfrombimodalAPwereexaminedandthe

resultis8howninTable3. Therelationship

betweenめ.,I,I.and且 アOfbimodalAPsamplesiS

alsoplottedwith ▲ inFig.8.Therelation8hip

ofbimodalAPagreeswiththatofunimodalAP.

Wh en sw,rangesfrom 40m2ntgto1200m独g,
therelationshipbetween 〟 .w andS.,canbe
representedbythefollowingequation.

¢mu=85-0･01Sw. (7)

Theerrorbetween ¢md.CalculatedfromEq.(7)

andtheexperimentalvaluewasWithin士2%.

Iti8foundthat¢mh.Canbee8timatedfromS..by
useOfEq.(7).

As mentionedatSection2.1,theShapeofAP

sample8usedinthisStudyi8Spherical,porous

orhollow.Thewidthofparticle8izedistribution

isunimodalOrbimodal. D .,isintherangeof

TAble3 S ypandめ.MOfbimodelAP

AP S w,(m2/kg)¢.uu (wt%

)G:A-80wt%:20wt% 480

80∫:A-60wt%:40wt%

470 80P:A-50wt%:50wt

% 550 80R:A=40wt%:6

0wt% 220 83氏:A=60wt

%:40wt% 310 82G:R-8

0wt%:20wt% 820 78G:R=60wt%:40wt% 690 79

G:R=50wt%:50wt%

630 79500

1000 1500S叩 (m2/kg)Fie･8 Rela

tion8hipbetween ¢ 血.andS .,1.6tollOJLm.The

rangesofS.8andS.,, are60-3100m'Lntg and

40-1200Jn2瓜g,respectively.Therefore,theAP

SAmplesusedinthisStudyhadmultiplepowderc

haracteristics.InSpiteofmultiplepowderchar

acteristicsoftheAPused,め ,M ,Canbereprese
ntedasafunctionofS.,aSawhole.ThisindicAte8

thattheinfluences0fthemultiplepowderc
haracteri8ticsofAPon ¢ 皿 .couldbee

xpre88edbyS"inclu8ively･Itisreportedt

hat¢ N .CanbeestimatedbyE.M 2日)･ E州･i8dep
endentgreatlyonmeasuringcondition8 8uC

h aS humidity,temperature,qlindermaterial,drop
heightofpowder,etc4).Iti8dimculttomeasure 6

h,..,under8trictconstantconditions.Therefore,

itisnoteasytoestimate¢ h".bytheu8eOfE

nd.. Ontheotherhand,S.piBinnuencedbythevoidfracti



bedlt)･ supofAPi8reprOdllCiblewhenthevoid

fractionisintherangeof0.3to0.5,asmentioned

inSection2.2. Itisfoundthat ¢ mD.Canbe

estimatedeasyandaccuratelybytheuseofs.RP,

conparedwith fma. .

InthiSStudyHTPBwidelyusedwasadopted

asabinder. Itwaspredictedforcomposite

propellantpreparedfrom anotherbinderthat

¢脚 COuldberepresentedasafunctionofswp.

4.ccncrusions

Forthepreparationofammoniumperchlorate

(AP)/hydroxyl-terminatedpolylmtadiene¢ITPB)

compositepropellant,itisrequiredthatthe

uncuredpropellanthastheviscosityrequiredfor

castingandtheproportionofthebubblecontami-

nationinthepropellantiSleSSthan2.0vo1%.

Becau8eOftheserequirements,anupperlimit

contentofAPcontainedpropellant,Qh,,i,(wt%),
exists.ItisnecesSaryforthedesignofAP/HTPB

compositepropellanttoeStimate ¢ mu. From

thestandpointofflowcharacteristic白OfAP/HTPB

suspension,anattemptwasmadetofindoutthe

dominatingpowderpropertyofAPfor少.nD..

ConcerningAPrEITPBSuSPenSion8Preparedin

thisstudy,therelationshipbetweentherelative

viscosity, 77,(-),andthevolumefraction,¢p

(vol%),ofAPcanberepresentedbytheMori-

Ototakeequation.Aand♂..,whichareconstant

intheMori-Ototakeequationaredependenton

speci丘cSurfacearea,Sw,(m2/kg),measuredbythe

air-permeabilitymethod.Iti8foundthat77,of

AP/HTPB8u8penSioncanberepresentedasthe

functionofQyandSw.,and 77,Of su8penSion

containing¢mh.Wa8almostcon8tant.

Theplotof ¢ mB.againstSupi白foundto

belinear. ¢ mL,XincreaseSwithdecreasing SMP.

Wh ensM.rangeS from 40m2rkgto1200m2/kg,

Therelationshipbetween ¢ ,wa,andS.yp canbe

representedbythefollowingequation.

¢ma.=85-0･018 .q,

Iti8foundthat¢mh.CanbeestimatedbySvp･
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AP/HTPB系コンポジット推進薬に混入できるAP含有率の

上限界の推算
- AP/HTPB分散系の流動性に基づく一考察 一

甲賀 誠●,萩原 豊●

過塩素酸アンモニウム(AP)/末端水酸基ポリブタジエン(HTPB)系推進薬は製造上の条件があるた

めに,推進薬中に混入可能なAP含有率の上限界,¢ .M (wt%)が存在する｡AP/HTPB分散系の涜勤

性の観点から,少 .W.を推罪できるようなAPの粒子特性値を見出すことを試みた｡なお,本実験では球

咲,多孔質と中空のAPを用いた｡その結果は次のようにまとめられる｡

1.本実験で調製されたAP/HTPB分散系において,相対粘度,77,(-)と固体容積濃度,¢p(vol%)の

関係は,森 ･乙竹の式で表すことができた｡森 ･乙竹の式の定数である kと¢.tは,APの空気

透過法で測定された比表面積.sJm2ntg)で表すことができ.77,は4,とS.P.の関数で表せること
がわかった.

2･¢ 脚 で調製されたAP/HTPB分散系の77,はほぼ一定であった｡

31¢m.I,はS"が小さいほど大きかった｡¢m〟とsvの関係払 次式によって表すことができた｡

dmb.- 85-0.OIS.,(40m独 g≦且,≦1200m2瓜g)

¢脚 は用いたAPの･gvを測定すれば上式でほぼ正確に推芽できることがわかった｡

(●防衛大学校 応用化学科 〒239-8989横須費市走水 1-10-20)

-J66- 火薬学会誌


