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APm BcompositepropellantusingrlmehollowAPprepared

byspray･dryingmethod

●
MakotoKohga,andYutakaHagihara

FineammonitJmpeTChtomle(AP)isTquirdinordertoprepaJYahigltblJmingra(eAPbasedcompositepropeltanL
FineholbwAP(FAP),ofwhichthemeanvolumc･surfaαdiameterisabout2･7pm,ispnpardbythesprayJJying

method.TTICCryStaltographicalpTOpenyandthethermochemicaltxehaviorofFARandtheproducdvityandthe

bLmingrateCharactedsticsortheprDpeLJantp陀PaJd widlPAPwerehvesti酵edinthissttJdy･TheresultsweTCaS

fouows;TTM:OySLaIlographjcalproFq andthethcTnd eTnicaIh血viorofPAPareaLrnostthesameasdlOSeOf山e

groundcommcTCialAP(CN)･¶cup阿 limitofthemPcontentinproTX:llantis72wrVo･ThepTt)peItantwas
prq)aJdat80wl%APwithabimodalAFT,rapandCAR ThebumingrateoftheI-opcllant00ntaincd80wt%AP
widlabimodaJAP,whichwasdifrermtintJlere血iveamountsofTAPandCAfT,increasesddlincruh1gthecontent

ofFAP.TlleincTementOrbumingTdea(h妙presstnts近hrp dlanddatlowprcssLZreS.ItisfoundthtPAPisaJI

c触 iveoxidizerfortheincTeaSCirkthebumingralc.

1.[ntroduction

TllChigh bumingmLcpTDT氾llanthasbeenreqtJiTd.

Recentlyammonjumperchlorale(AP)/hydlt)Xy日Cmi natcd

FKIlyhtadieTte(m B)com叩SitepTtlFX:))aJltistJSedwide)y.
ItisBPlmllyknownthatthebumingrateofAP/m B

00mFX)SitepropellantincTW Withdcm ingthepadiclc

diameterofAPcontaiJICdinpropeLlant.InoTdcHoobtain

thehjdlbumingrateAP/tm'BcomTXXitcPTDFX:tlaJlt,the

APisTquircd.However,itisd価mlttoplePanheAP

paTliclcssafcIybygindingl)2)bca uscGneAPisignitedand

cxptdedeasilybyslightimpactorBiction.Somesa危

methodsofpTCPahg伝ncAPpadclcshavebccndcvclopinB

untilTtDW3)-#)IILisTt:PortedthatfineAPanbeprepared
safblybyasprayJryingmethoddescribedbclow7〉･Fine

dropletsofAPsolutionaJt:SPTayCdbyLJltrasom'catomizer.

TllChcdmplctsatediedbyaspmyJryer.InlettcmpeTature

and爪owmtcofsuTTt)tmdairare313Kand0.010m3･sl,

resf*Ctively.¶lefineAPpmParedbythisspmy･dTying

metJIOdwasdesigmledasFAP･PAPisahollowpadjcZcad

theTTW VOlumcsurh∝di抑 etCrisapproximately2･7pmn.

Ontheotherhand,lhcbumingratecanbeincrcascdbythe
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hebubbles,whichisdisbhuldindependentlyoneanother,

htheprofX:1)antn･TllerCisavoidinPAPpaJlictcbecatJSC

PAPisahouowpaTtidc.TT)esizeofvoidinPAPissmaller

thaJlthepadjclesize.TbclefoTC,thevoidisverysmall.It

czLntX 00nSidcTd thatthcrcwasnumeTOtJSfinebubbles

distrjbutcdittdcpendcndyoneaTtOtherinapTDpellant

00nlainingPAPsincebindercouldno=lowinnthevoidin

mP.Q)tq ucndy,itcantxcxTXXd thatthehidlbuming

rateAP/m B00mPSitcpTDpellant00ddbcpnpaJdby
theuseofPAPasanoxidizer.hthepresetttstudy,jtis

reFX)Tted thatthecryshl)ograpI血IpTt)pe吋 aJldthe

theml∝九cmicaltxhaviorofPAP,and thebumingrate

chaTaCIedsticsoftheproFX!]lantcontainingPAP.

2.Experhental

Tnddsstudy,twokindsofAPwereusedasanoxidizer:

OnewasPAPandanotherwasagroundcommcrcia]AP

(cN).711cc肝waspreparedbygn'ndingacoTTmeTdal
APf♭r5miJluteSwithavll)T3tjortballmill.Tk mcaJI

volumesu血cediameterofCAPis1lOpm.TlleCAPwas

usedinoTdc†tocomparewiththecrystallographicaLpTt)petty
andlhethcml∝tlCmicaJtxhaviorofrap,andLbcbuming

ratectlaraCte血Ii60fthepropellantcontainingPAP.

1¶ccrystallogmphicalp10PCnyOfAPwascxamincdby

x-raydi鮎ctornctry血 ).TTtcXRI)was血 cdout
LShgaRigakuGEIGERnヱXRJU一皿A TTy!dW血

x一mywavc]engthisCuKα(入=1.5418Å).
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771crm∝hemicalt妃haviorofAPwasinvesligalcdby

diffbrcntialthermalanalysis(DTA)andthcrmogravimetry

(TG).JyrAandTGweTC Gd ed outusingaRiBaku

lA5-100TllCTmalAnaJyZW･TT1ccqupmcntwasoFmted

inanitrogen仙)Wconditionatatmosphericpztsure.TTle
samplccontainersforthecqulpmcntweremadeofaLtJminun.

ThesampleweidltWaS血ut5m& TTteheadngratewas

20K/min.ncdrophammertcstforAPwasconductedon
thebasisofJapancseExplosiveStaJldardES-2I(l)W).

hthisshdythep叩 IIantswerepnpaTCdat80wt%AP.

'nle汀ITBwasLJSCdasabinder.TTLelmBwascured

widlisophoronedi血 yaJute(IPDl)ofacTDSSthkjngag8mL

IPDTwasaddedto8wt%oHTrTIB･ThederLSityoEa

I-opcuanlwasmCaSurCdbyasuspendmcthd H･Thesize

oreachpropeuant曲Ⅶdwas10mmx10mmincTtXSS

sectionand40rmninlcngh.TlleSideofeachshndwas

inhlbitcdbysili00nlCSin.TTtebuming一ateWasmeaSuTCdin
achirrney.type 如ndbtJmCrWhidlWasPI巴Burizcdwith

nitrogenat288±l･5K T71e]'gnitionofcachsぬIldwas

00nductcdbyanclcdricallyhcatcdnlchromewireattached

onthetopofeach肋 由. TbcbtJJTtingla(ewasmeasuredin

pleSSunTanB80fO･5MPa-7MPa.andwascalcu一ated

withthecutoげperiodoftwofuscswhichpenclratelhcstrand

al25mmdistance.

3.Resu)tsanddiscussion

3.1XRDpatternofAP

TllCrapisrecTyStaIlizediJIVCTyShorttimesiTLCefIAPis

plePaTCdbythespryJTyingmethcd.Itwaspsshlethat

EAPwoddhavecrystaldcfecI. TbccTySLauograph血I

propenicsofrapandW wcrcenminedbyXRD･

WhenthemaximumimterLSitywasidenti6cdas100onthe

t)asisofthemcasurd XRDpattemofPAPorCAP,theXRD

pa枕emwasTeillustrated.¶leXRDpattcmsofCAPandPAP

a托ShowninFig･l･TlleXRDpatlemofmPisalmo釦the
saJTICaSthatOfW .a)nscqucndy,itisbundthatcTYStal

habitsofPAPisnotmodiBed.

TllCCTyStaldcfd inAPused wasinvcstiBalcdbythe

HaJl●smethodl:).lllemagiitudeoftheQyStaJdefect,0,is

reprcsenlcdbythefoLLowlnSCquation･

且コ聖旦古⊥+j亘.･血 色
^ り EAu A

(D

βisdleha)fwiddl,0isthcBmggaJldeordi鮎ction,んis

dlCXR yWaVeknghandqisthee触 vepaJliclesize･

TbcEhuisthevalueofYoung'smoduILJSforthedirection

FX叩eTldjctdaTtOthep)ancsLhkl).TllCβcantxrncasuTed

hmtheXRDpat也nl･WhenEMisassumedLobe
consLanl'… ,aplotofβ･∝60/Aagainst sine/Ais

rneaT･F.0mthedoJXOflhe血idltrLnC･20/E.dthatis･
a canbccalcuLatedl2州 .Tkrelationshl'pbetwccnβ･

00sO/AandsinO/AisshowninFig.2.BothslopeSof

dleSbaigbtlinesofPAPandCAPaTeaPPIOXimale)yzen.
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1¶isindicatesthtPAPandCAPdonotdevelopthecrystaL

dcfcd,evenifPAPisTCCryStal)izcdrapidlybyaspray･drying

mclh∝landCAPisgroundwiththevibrationballmi1L ltis

foundthatthecryst且llographicaIpropertiesofFAPWCTC

almostthesameasthoseofCAPinthisstudy.

3.2ThermocbemicaJbehaviorofAP

FoTthetypical- thcTTrK)gramLS)IthecndothennjcFd

ofcTyStal的一曲mlationofAPhmo仙o血ombictocubic

structureisobseTVCdat516K.SubscquentlytheleaTChvo

cxothcnnjcde00mFX)Sitions,namcly,alowtenlperatulC

dc00m叩itionaJldahidltemPCraturCdccompsition･For

lhctypicalTGthermograml5'.aslidlt00nSt･mptionofAP

staJtSatthet*gjmingtempcmturcofatowtemperature

dc00mpGition･A00nsumpdonofAPaLatowtemFK:ratue
de00m叩itioTIisalitdcand血snota触 consumpdonof
APatahidltCmPCTahJrC d∝omposition･ Alahidl

lcmpeTatuJede00mFXXition,ampl'dconsumptionofAP

o∝ursandAPisconsumedcomplclc)y.TTIeDTAandTG
lhermogramsoffN andCN aJ-bowninFig･3･me

DTAaJld1℃tJleTTTTOgramSOf臥Parcalmos(dtesameas

thesedtermo卵 TTISOfW ,respcclivc)y･Figl3indicalcs
thatLhenTL∝hemicalbehavioroffEAPandCAPaJCalmosl

thesameasthetypicalbehavbrofAR

G)rLStJmPlionofAPala一owlcmFX:mhJTedeomfXBidon

incTeaSCSwi thincreasingth叩Tt)FX)donohQYStaldefbctin

AP岬 llS)･As shownillFig･3.consumpdonatthelow
LcmpCrattJrCdc00mJ-itlonofPAPandCAPisa)ittle･TT)is
factindiQteSthatacrystaldefbctofPAPandCAPis仙le.

¶lisresultsupportstheresultobtaincd斤omXm pauem･

3.3Drophamrnertest

TlleSensitivityofAPonimpactincTCaLSCSwithdcm ing

paJlidcsize.TtispTdicd tbalthesensitivityofPAPis

hiれ tm tJSCFn isaGnepaTLicle.Tfthesensitivityo作AP

wasveryh砂,PAPcouldTtOtbctJSCdasanoxidizcrofa
compositepropellant.Ac00rdinglolhcresultsofLtledrop

hammertest,theseTtSitivityclassesofrapandCAPa托4

and7,呼 dvcty.ThescnsidvityclassofFn ishidler

thanthatofCAP.HDWCVer,thesensitivitydassofFaris

almosHhesameasthatofRDXandHMX_fEAPcanbe

usedasanoxidizerofacDrnPGitcp10FCLlantwiLhLakjng

su用cientcarenottoimpactit.

3.4ThermochemicalbehaviorofAP

Asdcscribedinsection2,thepropellantwaspTePaTdat80

V̂%APintI血sludy･ItisICquircdforthep7CPaTaLionof
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AP/mpBcompositepTOrK:llantthatuncuTdpTDPellarLthas

aviscosilyTquiTedforcastingaJldlbeproportionofbubble
00ntaminationinpTOPeuaJttis
lessthaJ12･
0vol%･
0山ng

tothesetwoTeq血nmtsforthepTCParatio710fAP/mB

00mpositcpropellant,theupper
limit00ntcntofAPcontained
inp-opeuantexiststS)･
-t00uldbcpTCSumedthHheuppe-
1imil00ntentofFnwaslcssthan80wt%becausethe岬r
limit00ntentof血cAPissmall.
AccordingDRef.
16
,the

tJPPCrlimit00ntentofPAPwasinvestigated.
First,t
he

uncurcdp10PdhntsareprcpJdatvadDuSAP00nteTILsand

thelaTgeStAP00ntentintJICunCudpropellantswhichhave
tJleViscE6ityTquinxlfurcastingis
dctcTTnincd.Second,
thJCClotsofpTt)FX:
II
antswerepnpadalsameAP00ntent.
TlleAPconteTLtWasdccTCaSCdby1wt%bmthelaTgCSIAP
00ntcntintheuncudp10FX:llantswhichhavetheviscosily

tquildforcashg.
Wkntheprop071ionofbubb)e

coTltaminationinpTOPC
1L
antis)essdlan2･
OvoI%,t
he

repducib)ebumingrateisobtaincdlG)andlhHelationship

betwccnbumingmteandpressuTt!followsVieilk'slaw

a∝ordiJlgtOthecxTXnenCCinthislatx)ratory.
As

mentionedahve,thJWlotsofprofX:llantsaJtPIePrdat

sameAP00ntent･Whenthebumingratesof
these

pmpc)Lantsa陀rqPTduclblcandtherdatioTIShipbctwcenlhc
bumingrateandpTeSStJrCfollowsⅥeiuc'slaw.
ilisjudged

lha=hcbumingmh:ofthepTt)pellantisnotinnuencedbythe
bubbte00ntamination,t
hatis,L
hcPTOJX)nionofbubble

contaminationitlpropellantislessthan2.
0vo1%.
Tnthis

study,I
keLJPperlirnitofAP00ntcntwasdetcm血edas
thelaTgCStAPcontentinLbepTQJXtlaJltS,Ofwhicht

J
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npTtXlucIbi)StyofthebtJmingfateCanbeobtainedandof

whichrelatiorLShjptxtwccllbuminBrateandpressuTt:仙 一ows

VieiHelshw.

Fig.4showslhcbumingratecharacteristicsofthe

pmpcl)antsprepard withonlyJTN .WhcrLtheAPcontcnL
islessthan72wt%,theTt:PTtXlucibi)ityoftJICbuminsrib:Gm

txbbtaincdanddlCburningTaleincreaseslincallyinap♭tof

)n(btJmingrate)versusln(pTeSSuC),dlatis,thelClatjonships

followⅥcilk'slaw.WhenlbeAPcontent近73wt%,dle
rcpTducibilityofthebumingratecanrLOtbeobtainedandthe

bumingratedcN3SnotincTeaSClinealtyinaplotofln(buming

rate)versush(presstJTe),thata,therc]ations坤 do践nOt

followⅥeak's一aw.■mese resultsindjcalethattheup押r

一imitofAPoDnlentOfthep叩 llaJltP7q)aJdwithonlyPAP
is72wl%･ItisfoundthatLbep-oTXdlantconLaiJledat80

wt%APcarLrLOlbcpTeParCdwithonlyPAP,

TlleuPI灯】imi10fAP00ntcntofthepropellantprcparcd
dLhbimodalAP,mixjrlgheAPaJld批 AP,近laJyrthan

LhalofthepTt}peLLantpreparedwithonly血eAPln･ w

wasusedasm APaJldana比emptⅧ ndetoprcpaTe

thepTOPellaJlt00ntaincdat80wl%APwithbim血 IAP

miXhgFAPandC姐 WhcnthemassratioofmPtoCAP

is1:1,theuppeー1imitcDnlcntofAPconlaincdinpropeLlant
p陀ParCdwithbim血lAPis80wl%.ncpropellants

containedat80wt%APwerepnpad dLhabimdalAP

whichWZLSdi氏mtintJy:Tt:ladveaJTM)tJTItSOfPAPandW ,

iJIOTdertoinvestiBakthec飴doftheFW00ntcntinlotaJAP
(ITAPhotaIAP)onLhcburnirLgrate.Td)telshowsthe

formulationofpTt)pellarLtPTCPaJd withbimodalAP･The

bumingfateSOfp7t)peIlantsAIDwcrc measured. 刀le

5 10
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･
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bumingra(echamdcdsぬ ofthosepropellarttsaJCShownin

Fig.5.¶leirbumingratesincTCaSe)incadyinaplotoflnr

vcTSuSLnPintheprcssuTeTWgeOfO･5-7Mph.Tllebmi ng

rateincTCaSCSWithincreasingPAP/totalAR

Inordertomakedearthee飴dofthePAPcotttetltOnthe
incTernentOfthebtJmingmtc,therelationshipbetweenthe

bumingmlcandFar/totalAPisshowninFig.6.71le

bumingmtcincreasesWithincTCaSingFAT/(otalAPand,

espcdally,theincrementofbumingrateat7MPaisl野 r

than thatat1MPa.TTIebtJmingrateat7Mh is

app-oximalclydoubledbysubstitt)theha)fofCAPwithFAP･

Ac00rdinglothetu tsinthisiJIVCStjSation,itisfoundthaI

PAPisanc肋divcoxidizertopTt:Pa柁thch妙 buminsrate

AP/m Bcom押Silep10pe11aJlt.

4.Cbnclusions

FinehouowarrmoniumFr血073te(Far)ispnpaJdby

thesprayJTyingmctb血 TlleCryShIlographicalproJXq

andthe thcmlKhemicaJbehaviorofPAP,andthe

pTductivityandthebulTlhgTatCdlamCtCristicsofthe

pTt)pCl】antprcpaJd dthmP WCTCinvestigatedinthissttdy.

｢mctcsultsw肌 aSbllows;TllCCryStauOgaphicalpmpedy
andthelhcrmochcmicalbehaviorofPAParcalmostthesame

asthoseoftJICgOundcommcrdaIAP(CAP).Theupper

limitofLbcFjUcontentinpropcHaJltis72W%.The
PTDFX:llantwaspnpaJdat80wL%APwithabim血 lAP,

PAPandCAR TkbuminBrateOfthcpmPel)ant00ntaincd

at80wt%APwithabindalAP,whidlWasdi飴Tentinthe

relativeamountsofPAPandW ,incTCaSCSWiLbincTCaSIJlS

thc00nlentofI:AP.neiJtCTCmentOfburningmteathigh

prcssurcsislaJSerthanthatallowpressures.

ItisfoundthatFaris anc触 ivcoxJ'd血rforthe

incrementOrintJlebtmirLgralC.
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噴藩乾燥法で調製された微粒な中空APを用いた

AP/HTPB系コンポジット推進薬

FP賛辞 誠●,萩原 豊'

商燃焼速度を1J'するAp系コンポジット推進薬が要求されている｡唄務乾燥法によって,体面械平均径

2.7LLmの微粒な中空過塩素酸アンモニウム(PAP)が調製された｡本来験では,FAPの結晶学的性質と熱

分解性について凋べるとともに.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｡FAPの結晶学的性質と熟分解性は,粉砕された市販のAP(CAP)のそれとほぼ同じ

であった｡FAPのみを用いて推進薬を製造した場合,推進薬に混入できるAP含有率の上限は72wl%で

あった｡FAPの一郎をcAPに置き換えることによって,AP含有率 SOwt%の推進薬を知遇できた｡AP

含有率80wt%において.FAPとcApの混合割合を変化させて推進薬を製造したところ.それらの燃焼

速度はFAPの混合割合が増加するにしたがい大きくなった｡高圧部における燃焼速度の増加虫は低圧部

のそれより大きかった｡以上の結果から.高燃焼速度のAP/HTPB系コンポジット推進井を製造するため

に,FAPは有効な酸化剤であることがわかった｡

(■防術大学校 応用化学科 〒239-8989横須貿市走水 l-10-20)


