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FinearnmOmiumperchlorate(FAP),ofwhichthemeanvolume-Surfacediameteri8about3.9

FLm,iBpreparedbyfreeze･dryingmethod.Thecry8tallographicalpropertyandthethermo･

chemicalbehaviorofPAP,andtheprodtlCtivityandburnlngrateCharacteri8tic80fthepropel-

lantpreparedfrom FAPwereinve8tigatedinthjBStudy･Hydroxy1-terminatedpolybutadi-

ene(HTPB)wa月useda8abinder･There8ultsareaSfo1)ow8･,1)Thecrystauographicalproperty

andthethermochemiCalbehaviorofFAParealmostthesamea8thoseOfthecommercialAl7.2)

TheupperlimitcontentofFAPcontaimingpropellant, dmal(wt%),iB80wt%.Thebumingrate

me88uredat7MPaofthepropellantCOntaiming80wt%FAPiB24.6mm/a.3)Theburningrate

incre88e8WithincreasingtheFAPcontent.Theincrementoftheburmingrate8athighpre88ureS

iBlargerthanthatatlowpre88ure8,andparticularlytheincrementofthebumingl･atein･

cre88e8greatlywithcomingclosetO ♂..W 4)WhenHTPBprepolymeraddedsodiumlaury1

8ulfatewa8u8eda8abinder, dnA.OfthepropellantpreparedfromFAPwa卓82wt%.Bytheuse

ofHTPBprepolym eradded80ditlmlaury18ulfate,d… ofFAPcouldbeincre88edby2wt%.The

burnlngratemeasuredat7MPaofthepropellantcontaining82wt%FAPw8830.1mm/a.The

burmingratecouldbeincre88edbyaβlightincreaseindmA､OfFAP.ItisfoundthatPAPi8an

eLrectiveoxidiZerlopreparehigh burningrateAP/HTPBcompositepropellant.

1.1ntrodu¢tion

Am monium perchlorate(AP)/hydroxyltermi-

natedpolybutadiene(HTPB)compositepropeuant

iSthemo8tWidelyusedcompositepropellant.

Recentlyahighburningratecompositepropellant

hasbeenrequired.Iti8generallyknownthatthe

bur山ngrateOrAP/HTPBcompositepropellant

increa8e8withdecL･ea8ingtheparticlediameterof

APcontainedpropellant.Inordertoobtainthe

high burmingrateAP/HTPBcompositepropellant,

丘neAP i8required.FineAP i8preparedby
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grinding.Avibrationbal1milliBgenerallyllSedas

agrindingmachine.ItiSnotea8ytOPl.eparefine

AP,ofwhichtheparticlediameteriBlessthan20

FLm,WithavibrationballmulL'･:'.Ajetmnli8

usedtoprepare丘neAP.Thejetmilli8dangerous

forthepreparationof丘neAP.becausefineAPi8

ignitedandexplodedeasilyby81iglltimpactoT

&iction.WhenfineAPiBPreparedbyajetmill,it

need88peCialinstitution8,8uCh aSan anti-

explo8iveroom,山trogenatmosphere,impurity

removalequipment,etc.Con8equently,itisdi瓜 ･

culttopreparefineAPparticlesSafelybygrind･

ing.SomesafemethodsOfpreparingfineAPparti･

cle8havebeendeveloping… .Iti81･epOrtedthat

GneAPcanbepl･eparedSafelybyfree2Xt-dJ･ying

methoddescribedbelow托'.Theprocedureisthat
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theemulsionwithlOm/tolueneand200m′AP

80lutionwhichiBfree2edrapidlywithliquidnitro･

gen.andthefr02enemulsioniSfreeZかdried.The

firLeAPpreparedbythi8freezc･dryingmethodwa8

designatedaSFAP.Themeanvolume･8urface

diameterofFAPi8about3.9JLm6'.Iti8expected

thatthehigh burningrateAP/HTPBcomposite

propeuantcouldbepreparedbyuseOfFAPa88n

oxidiZer.Inthepresent8tudy,itiBreportedth上

thecryBtallographicalpropertyandthethermo･

chemicalbehaviorofFAP.andtheburningrate

characteriBtic80fthepropellantpreparedfrom

FAP.

2.Experilnent

lnthisSttldy.twokindsOfAPwereused88an

oxidizer:onewa8FAPandanotherwasaground

commercial AP(GrAP).GrAPwaspreparedby

grindingacommercialAPfor5minuteBwitha

vibrationballmill.Themeanvolume･Surface

diameterofGrAPi8110Flm.GrAPwasu8edin

ordertocompareofthecryStallographicalprop-

ertyandthethermochemicalbehaviorofFAR,and

thebuJ･ningratecharaCteri8tic80fthepropellant

preparedfromFAP.

Thecry8tallographic8lpropertyofAPw88ex-

aminedbyX-raydi駄actomerty(XRD).XRDwa月

carriedoutu8ingaRigakuGEIGERFLEXRAD･Ⅲ

A.ThecharacteristicX-raywavelengthiaCuKa
(1=1.5418Å).

ThermochemicalbehaviorofAPw88inve8tigat･

edbydiqerentialthermalanaly8i8 (DTA)and

thermogravimetry(TG).DTAandTGwerecar-

riedoutusingafhg8kuTAS･100ThermalAna-

1yzier.Theequipmentw88Operatedinanitrogen

mowconditionatatmO叩hericpre的ure.The88m･

piecontainersf♭rtheequipmentweremadeof

alumimium.The8ampleweightwasabout5mg.

Theheatingratewas20K/min.The血ophammer

te8tforAPwasCOnductedontheba8i80fJ8P8ne8e

ExplosiveStandardES･21(1).

HTPBwa白u8ed888binder.HTPBw88Cured

withi80phoronediiBOCyanate (IPDI)ofacro88･

linkingagent.IPDIwasaddedto8wt%orHTPB.

ThepropellantmixLure8WereCuredfor4day8at
333K.TheSizeofeachStrandwasIOmmxlOmm

incrossSectionand40mminlength.TheβideoE

each 8trandwa8inhibitedby8niconre8in.The

burningratewa月me88uredinachimtley･type

StrandburnerwhichwaBpre88uriZedwithmitro･

genat288±I.5K.TheignitionofeachStrandw88

conductedbyanelectricallyheatedmichromewire

attachedonthetopofeach8trand.Theburming

ratewa台tneaBuredinpre88urerangeOf0.7MPa･

7MP8,andwasCalculatedwiththecutoqperiodol

twofu8e8Whichpenetratethe8trand8t25mm

distance.

3.ResultsandDiSCu66ion

3.1XRDpatternOflP

ItiBreportedthatwhentheAP80lution(loo

m′)Saturatedat333KiBpouredintoanorgamiC

801vent(300m′)cooledto273K,crystalhiLbit80L

APrecry8talhzedaremodified… 0㌧Itwa叩088ible

thatCrystalhabitsOfFAPwouldbemodiAed.be-

causeFAR iSreCryBt811i2edfrom theemulsion

whichdi8perSe8blueneintoAP801ution.The

cry8tallogr8phical propertie80fFAPandGrAP

wereexaminedbyXRD.Whenthemaximumin･

terLBitywa8identi丘ed881000nthebaSiBOfthe

measuredXRDpatternofFAPorGrAP,theXRD

patternwasreilluStrated.TheXRDpatterM OE

GrAPandFAPare8howninFig.1.TheXRDpat･

ternorFAPiBalmost.the88Jnea8thatofGrAP.

Con8equently,iti8foundthatCrystalhabitsof

FAPi8notmodified,ThevolumefraCtionoftolue･

neba8edonAPSolutioni80.05.ItCanbe∝ln8id.

eredthatcrystalhahit80fFAPcouldnotbemodi･

fled,8incetheaddedamountoftoluenei88malI.

ThecryBtaldefectinAPu8edwa月inve8tigated

bytheHall'smethodm .Themagnitudeofthe

crystaldefect,U,iBrepre8entedbythefouowing

equation.

8 ･cosO 1 20 sLIJ70- +
Jl q BA〟 .i

(l)

8 iSthehalfwidth.0iBtheBrags8AgleoL

di瓜action,iiBtheX･raywavelenかhandQiB

thee飴ctiveparticleSizc.Ehlli8thevalueoL

Young-8mOduluBforthedirectionperpendiculartO

thephneSihkll.c canbemeaBuredfron the

XRDpattern･WhenE"Ii8888umedtobecon･

8tantLO■lご',aplotofP･co月0/1against台in0/.i

i81inear･From the古lopeofthe8tmightline,
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20(deg)Fig.1 Ⅹ-raydi瓜action

patterns20/Ehtl.thati8,0Canbecalculated10

卜):'.TherelationshipbetweenP･cosO/,iand台

in0/ii88howninFig.2.Both8lope80fthe8tr8ight

lines0fFAPandGrAPareapproximatelyzero.T

hisindi･cateSth上FAPandGrAPdon-tdevelopth

ecry8taldefect,evenifFAP i8reCry8tallizedr

apidlybyかee乙illgtlleemulsionwithliquidnit

rogenandGrAPi8grOundwiththevibrationballmi

ll.1ti8foundthatthecry8tallogr8phicalprop

erties0fFAPwerealmo8ttheSame88tho8eO

fGrAPinthi且

Study.3.2ThormocheJT)ic81bohv

iorofAPForthetypicalDTAthermograml3',

theendo-thermicpeakofcrystaltransformation

ofAPfromorthorhombictocubicStructurei80b

8erVedat516K.Sub8equentlytherearetwoe

XOthermicdecompo8ition8,namely,alow temper

aturede･coTnpO8itionandahightemperatured

ecompo8i･tiom.ForthetypicalTGthermograml3',

aSlightconsumptionofAP8tart8atthebegi

mingtem-peratureOfalowtemperaturedecompo

8ition･AconsumptionofAPatalowtemperatu

redecom･po8itioniBahttleanddoesnotaffectco

nsumptionofAPatahigh temperaturedecompoSit

ion･Atahightemperaturedecomposition,al･apidcon･
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nO/A (×10日nl･l)Fig.2 Relation8hipbetween〟･co80/A

and8inO/1811mptionofAPoccurr8811dAPi8

COn8umedcom･pletely.TheDTAandTGtherm

ogrElm80fFAPandGrAPare8howninFig.3.

TheDTAandTGthermogram80rFAParealmostth

e88mea8thel8ethermogram80fGl･AP,re8peCtivel

y.Fig.3indi-catesthatthermochemicalbehav

iorofPAPandGrAParealmostthe8amea8thetypical

behaviorofAP.Con8umptionorAP8talowt

emperaturede･compositionincreaSe8Withincre88i

ngthepropor-tionofacry8taldefectinAPcry8

t8113'.As 8howninFig.3,con8umptionatthel

ow temperaturedecompositionofFAPandGrAPi8

8little.Thisre8ultindicate8that8Cry8taldef

ectofFAPandGrAPi8little.ThisCOuldSupport

there8ultob-tainedfrom

XRDpattern.3.3D

rophmnertestThe8en8itivityofAPonim

pactincrea8e8Withdecrea8ingparticle8iZe.

It◆8predictedthatthe8enSitivityofFAPi8

high,becauseFAPi8afineparticle.Ifthesen

BiLivityofFAPwasveryhigh.FAPcouldnot

beu8eda8anoxidizerofacompositepropellan

t.TheresultsofthedrophammertestOnFA

PandGrAPareshowninTableI.Thesen8itivit

ycla880fPAPKayaku6akkaishi.Vol･61･No･21
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gram8 (%p)ssoこもtaJvti8highertllAnthatOfGrA

P.However,the8en-8itivitycla880rFAPi8alm

osttheSame88thatofRDXandHMX.FAPca

nbeuseda8anOXi-di2X!rOfacompo8itepr

opellantwithtakingSufficientcare

notI.oimpactit.3.4Burning

ratechracteristicSInthepreparationofAP

IHTPBcompositepro-pellant,theuncuredpropell

anti8Castintotherocketmotor.Thereforeit●8r

equiredthattheun-curedpropellantha88uitablev

iSCO8ityatcasting.Ontheotherhand,whenthe

proportionofhubhlecontaminationinAP/HTPB

compositepropellantiBmorethan2,Ovo1%,theburn

ingrateoftheproIpellanti8influencedbythe

bubblecontaminationandconsequentlythereproducibleburningrate can'tbeobtained川.lnorder

to'preparethepro･pellant,Ofwhichthebumi ngr

atei8 reproducible,iti8neCe888rythattheprop

ortionofthebubblecontaminationinthepro

pellanti81e88than2.Ovo1%.Becau8eOftheab

ovetworequirement8forthepreparationofAP

rHTPBcompo与itepro-pellamい heupperlimitcont

entorAPcontainingpropellant, d h,a.(wt%),eXiB

tBI5'･4.mL. Wasde･terminedbytheprocedure

explainedinRet15･6,,MOfthepropeuantp

reparedfrom I岨PandGrAPwas80wt%and85wt

%,respectively.Thepropellant8COntaimin

g80wt%FAP and85wt%GrAPwerede8ignatedaSPr

op.AandProp･B,re･BpeCtively.Thebumingra

techracteriBtic80fProp8.AandBareplotted

inFig･4･ThebumingrateofAPrHTPBcompo8ite

propellantincreaseswithincre88ingAPconten

t･TheAPcontentoLProp.Ai88mauerthanth

tofProp･B,howevertheburningrateofProp.Ai

BhigherthanthatofProp.B.Itcouldbeconsidered

thatthiSiBbecausetheparticlediameterofFAPi8much8mall

erthanthatOfGrAP.Inordertomakeclearthe

eqectoftheAPcon-tentontheburnlngrate,the

propeu8nt8contain-ingle88than 4,A.uWereprep
aredandtheburningratesWeremea8ured.Fo

rAPbaaedcompo8itepropellant.theburmingrate

plateau80rme8ai8producedbyloweringAPco

ntent16)･Thebumingrateorthepropeuantco

ntaining69wt%FAP iBshownplateau8betwee

n6MPaand8MPa.Theburmingrateofthepropell

antcontainingabove70wt%FAPcanfollowVieiuelS)

aw,thatiB,neitheraplateau8norame8ai80

bSerVed.Theburningrateofthepropellantco

ntainingabove70wt%GrAPcanfollowVieine'8

law.Above70wt%AP,therelationshipbetween

theburmiJlgrateatTablel Sensitivit

yofdrophammert舶tDropheight(cm) E

xperimantal××××××

×○××○×××××××

OX

×○××-a-lJ- Sen8itivitycla88

71 50
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)Fig.4 BurningratechracteriBticsofProp8
.Aamd

BlMPaor7MPaandtheAPcontenti88howni

nFig.5.Theburningrateofthepropellantprepare

dfrom PAP iBhigherthanthatofthepropellan

tpreparedfromGrAPatboth pre88ureS.Theburn

-ingrateincrea8e8withincreasingtheAPcontent

.ForGrAP,theincrementoftheburningrat

emeasuredat7MPai88lmoStthesamea8thato

Ltheburningratemea8uredatlMPa.ForFAP,th

eincrementoftheburningrateme88uredat7MP

aiBlargerthanthatoftheburningratemeasure

datlMPa.Theincrementoftheburningrateofth

epropellantpreparedfromFAPislargerthantha

tofthepropelhntpreparedfron GrAPandin

-creaSe8greatlywithcomingclosetO d 仰.,i

nparticular

.Theburningrateincrea8eBwithincrea8ingA

Pcontent.It'8neCe88aryforthepreparationofthe

●higherburningrateAP/HTPBcompo8itepropel

-lanttoiJICreaSetheAPcontentinpropellant.A

sShowninFig.5.theburningrateincrea8e8Wit

hincrea8ingtheFAPcontentandtheincremento

fthebumingrateincrea8eSwithcomlngClo卓et

Od mJtrThisSugge8t8thattheburningratecouldb

eincreasedg柁atlyby8alightincrementofQnw.o

LthepropellantpreparedfronFAP.As mentione

dabove,thepropellantcontainingabove80wt%FA

Pcouldnotbeprepared.Atcasting,thevi8CO8ityo

fthetlnCuredpropellantisalmoStCOn8tantlSI･I

twasexpectedthatd".0.70fthepropellantprepared 00

032-(sJ∈∈)att2品utuJn凸

72747678808284$
6APcontent(wt%

)Fig.5 RelationBhipbetweenburningratean
dAPcontent(AandB:propellantsno
tadded80diumlaury18ulfate,CID:pro
-pellantBadded80diumlaurylSulfate

)fromFAPcouldbeincreased.iftheviSCOBityofth

euncuredpropellantcouldbedecre88ed.Itisre

-portedthatthevi8COSityoftheuncuredpropellan

tcanbedecre88edbyaddingaSurfaceactiveagen

ttoHTPBprepolymer17'andsodiumlaury18ulfate

,inparticular,iBlargelyeqectiveindecreasingth

eviBCOSityofuncuredpropellant8.4 mA.Ofthepro

･pelhntpreparedfronFAPandHTPBprepolyne

radded80diumlaurylSulfatewa白investigated.Th

eaddedamountof80dium laurylSulfatei80.00

5wt%relativetoHTPBprepolymer17'.whenHTP

Bprepolymeradded80diumlaurylSulfatewasuse

daSabinder,dmA.Ofthepropellantpreparedh)

mFAPwa月82wt%.Byadding80diumlaury18ulfat

etoHTPBprepolymer,dull.Ofthepropellantpre

-paredfromFAPcanbeincreasedby2wt%.Th

eburningl･ateChamCteristicsofthepropellant

8containing80and82wt%FAPbyuseOfHTP

Bprepolymeradded 80dium laurylSulfate ar

eShownillFig.6.Thelmrmingrateofpropellan

tcontaining82wt%FAP iBreprOducibileandin

-cre88e81ineallyinaplotofFn(burmingrate)versu

sin(pre881tre).Thepropellantscontaining80,8

1and82wt%FAPbyuseOfHTPBprepolymeradde

d80diumlauL･y18ulfateweredesignatedaSProp.C

,PI･Op.DandProp.E,respectively

.KayakuGakkaishi.Vo)161.No12.2000 -5･1
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)Fig.6 BurmingrateCharacteriBtic80fpropellan
tfromPAPandHTPBprepolym eradde
d80diumlaury18ulfate ofthepropellantCOntaining80wt%FAP i824.

6mm/8.3)Theburningrateincre88e8within

･cre88ingthePAP content.Theincremento

fburningratesathigh preB8ure8i8largerth

nthatatlowpre88ure8,ande8peCiallytheincre

･mentofburmingratesincre88e8酢eatlywit

hcomingclosetOdm,I..4)WhenHTPBprepolyme

radded80diumlaurylSulfatewa卓used888binder

,6,M Ofthepropeuantprep8redfrom FAPw8

882wt%.Bytheu8eOfHTPBprepolymeradde

dsodiumlaury18ulfate,6,M .ofFAPcouldbein

･cre88edby2wt%.Theburningrateme88ured8

t7MPaofthepropellantcontaiming82wt%FAPi

830.1mmJS.ItiBfoundthatPAPiBaneqeCtiv

eoxidiZerinpreparinghighburningrateAPm

Bcompo8itepropelhnL

.TherelatioI血ip8betweentheburningratean

dtheFAPcontentofProps.C,DandEareShow

nalsoinFig.5.Theburningrates0fProp8.C,Dan

dEareplottedontheextensionoftherelationshi

pbetweentheburningrateandtheFAPcontento

LthepropellantpreparedfromFAPandHTPBpre

-polymerwhichdidnotaddSodiumlaurylSulfate

.Theburnlngrate80fProp.Carealmostthe且am

ea8tho8eOfPropA Thisindicatesthattheaddi

-tionof80diumlaury18ulfatedidnotinfluence

8burningrateinthis8tudy.Theburmingrat

eme88uredat7MPaofProp.Ei830.1mm/8.Th

eburningrate80fProp.EarehigherthanthoseO

LProps.AorC.ThisiBbecausethePAPconten

tcouldbeincre88edbyu8eOfHTPBprepolyme

radded80diumlaury18ulLhLe.

4.Conclusion

sFineammOniumperchlorate(PAP),ofwhichth

emeanvolume･8urfacediameteriBabout3.9FLm,i

8preparedbyfreeze-dryingmethod.Thecry8ta1

-10graphicalpropertyandthethermochemicalbe

･haViorofPAP,andtheburningrateCharacteriBtic

80fthepropellantpreparedfromPAPwereinve8ti

･gatedinthi月8tudy.There8ultBWerea8follows

;1)Thecry8tallographic81propertyandthether

･mochemicalbehaviorofFAParealmostthe8am

ea8thoseOfcommeI･CialAP.2)Theupperlimi

tcontentofFAPcontainingpropellant,d〟附(wt%)
,was80wt%.Theburningrateme88uredat7MPa
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凍結乾燥法で調製された微粒過塩素酸アンモニウムを用いた

AP/HTPB系コンポジット推進薬(第4報)

- トルエンとAP水溶液のエマルションから調製された

微粒APの場合 -

甲賀 誠●,萩原 豊●

凍結乾燥法によって,体面梯平均径 3.9FLmの微粒な過塩瀬椴アンモニウム(FAP)が識別された｡本

実験では,F∧Pの結晶学的性質と熱分解性について調べるとともに,FAPを用いた推進薬の燃焼速度

について調べた｡その結果,以下のことが明らかにされた｡l)FAPの結晶学的性質と勲分解性は.市

蝦のAPのそれとほぼ同じであった.2)経巡i掛こ加入できるF̂ l'有率の上限界(♂mp.lwt%])は80wt%

であった｡F∧('含有率 80wt%で製造された推迎薬の燃枕迎舷は 24.6mm/S(71tPa)であったC3)FAPを

用いた推iLB燕の燃焼速度は,IIAP含有率の糊加にしたがい大きくなった｡FAl'含有率に対する燃焼速

度の増加率は,燃焼圧力の増加にしたがい大きく.また 6 m,..に近づくほど大きくなった｡4)バインダ

として用いた水塊水酸基ポリブタジエンにラクリル硫偲ナ トリウムを添加することによって, d′… を

82wt%に増加できた｡fẐ P含有率82wt%で兜造された推進兆の燃焼速度は30.lnlm/S(711lJa)であったo

d mn.をわずかに増加させることで,燃焼述I兜を人きく岬加できたC高燃焼速度のAP/)lTPtj系コンポ

ジット推進薬を製造するために.FAPはJl-効な酸化剤であることがわかった｡

(●防衛大学校 化学敦賀 〒239-8989横芽i刑iTl走水 l-10-20)
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