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Combustionmechanismofhighenergycompositepropeuants(V)

-Combusdonofazide/nitraminepropellants-

byHakobuBAZAm●,AkihideIIDA+andYoshiakiMITARAI●

neconbusdonwavestructureW exanhedby血 glIAethernoのuplesinordertoeludd&tethe
contEOlplO∝SSOfbuminBrateorazide/nitraznitlePrOPell弧 tS.Fromthecxpe血 ts.itwasfotnd
th&tthebumingrateofAMMO(3-azidemethy1-3㌧methyloxetzLne)/EDNA(e血yleQedjnitrd e)

pTOPellaJ)IWashighuthnthatofAMMO/HMX(cydotetraJnethylenetetnnitramitle)propelhntaJId

thepresstmexpotICntOfAMMO/EDNApropeltaJltWaslow打thJIthatofAMMO/HMXpropel･

hnt.netemperatureprOfueinthecomb心tionwaresorthepropellantsreYeAledthattherewasa

Iar酢heatreleaseatthebumingsurface.nisexothemicdecotnpositionreactionatthebuming

suJf8ccisfoundtobemi nlyregonsibleforthebumingrateorAMMO/EDNAandAMMO/HMX

propelhnts.Itisexphinedbythel町gerheatrelew orAMMO/EDNApropelhntAtthebuming
surfacethtAMMO/EDNApropehtlthasthehigherbumi nsratethanAMMO/HMXpropellant.

ln廿oductlon

Theorctic81andexpenmentalstudieshavebeencon･

du¢tedonthecombustiopofAzidepolym ersusedasa

bitlderitlhigh･eAergyprOpellants卜 4'.AMMO(3-

azidemethyl-3′一methyIoxetane)isoneoftheetlergedc

azidepolymerswhichcontainN}pupsintheirtnolem-
hlStruCttm 2I.shcethecotICentr&tionoroxy酢natom

containedwithinAMMOislow,thehcAlreleasedbythe
combtLStionistLOtduetotheoxidatiotlreaCdon,butdtLe

tothescissionorthe-NsbondtoformNZPS･Further-

more.thecomblJStionpotetI血lofAMMOcouldbeit1･
cre舶dbytheaddidonofoxidizeTSSuchaszLJnmOnitn

perchlorate(AP),m nOnitn nitrate(AN),andnitra-

mitleS.1meeBerPdcpropeuzLntSCOnPOSedoftheoddiz:-
ersandAMMOasm由 r8eticbhdeHJCCOtLSidercdto
betwedaushighせれergyprOPelIantS･

Agc&tdealofattentionhasbeeTLfocusedonthecom-

bustionnechnismsofinerthydrocarbonbinder/

Tlitraminepropell弧tS･nkis.becausenit血 epropel･

laJltprOdtLCereI&dvelyhighspecirICimpubes,evmthovgh

ReaivedonSeptember29,1997
+propellantsGroup.ExplosiyesLaboratory,Jb血i
ChemicdIndustryCo.,Ltd.,
Oan･SAto,OitA870-0303.Japn
TEL+81-975-92-2340
FAX+81-975-92-9603

theadiabadcnametemperatuJ℃iSlowS･6I.Furthermore,

thecombustionprodtlCtSarenotOnJysmokelessbutalso

tlOTICOrrOSive.nus.therehvebeenanumberofexpen･
mentalandtheoreticalstlldiesonthecombustionof

nitramineswdinertbitLder/mitramitleprOPelhnts7叫 I

nebumingrateoftheinerthy血○也rbonbinder/HMX

isverylowbecauseofthecndothetdcdecompositionor

thebinder7).EDNA(ethylenedinitramine)is8linear

nitraminewhichhsmodestPrOPerdesintheAaJnetem-

peratureaJldthemolecdiLrWeightorbtmedUsesascom-

pareddthHMX(cyclotetnmethyleAetebd traJnine)aJld
NQ(nitroguanidine).TbbtLmingrateOfdoublebase

propellantsisincreasedaJIdthepressuzeexpoTIeAtisde-
creasedbythel血批onofEDNA12)･
Inthep柁SentStdy,AMMO/EDNApropellzLntWas

formuhtcdaJldthebumingrateChnctedsticsaJ)dcom･

bustioTIWaveStruCtutWereinvestigatedinordertopln

awidespectrtmofbumingrate.

Experlmental

AMMOusedinthepresetltStudywasproducedbytt･

phchgCⅧ botldor3-methyI3-0xetAJIQmethanolwidl

C-NSbotLd･AMMOwithoutctnngAttdcrossthkingvvaS

s仏ghdyyellowi血 viscotuliquid･netemindOHpups

ofAMMOwerecuredwiththeNCOgroupsofTPDI

(isopboIOtlediisocy&ttate).FinelycrystAlhzd dtzImines
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Table1PhysicalaTldchemicalpropertiesofeTIerBeticmatedals

Name AMMO HMX ED

NAStructwalFormda ● ● NOBH2C-N-CH2l l02NN NNO2l lH2C-N-CH2NO… 〟HT "-"72H2C-N

-NO2HGrossformuh CsH90N3 C4H8N808

C2H8N104Mg(kg/kmol) 5100

296.2 150.1AH,(kJ/kg) +345
.3 +252.7 -688.7p(kg/m3) I.06×103 1.96×103 1.71×1

03T,(K) 1283 3300 2628Mg:MokctJlarmass,AHr:H
eatoffoTmadon,p:Density,TT:

Adiabaticnametemperature･Table2Chemicalcomposはonofpropell
aTltSusedinthisstudy

Propelhnts Wd
ghtfraction(%)AMMO EDNA H

MXAMMO′EDNA 25 75 75AMMO/HMX 25EDNAand

HMXwereusedinthisstudy.ThechemicalstructtJreaJldp

ropertiesofthecnerseticmaterialsare血owninTable1.TLCformula

donolhepropelhntsisshowninTable2.Thetheoredcal
rocketperfoTTnatICeOfthepropellantswhicharecom
posedoroxidiZerandAMMOiscalculatedbyusingNASASPl273

basedonJANNAFThermoIchemi calTable.TheexperL
mentalinyestigationofbumingratesandcomhstion
w eswasconductedusingachintleytypestzudbtm er

whichwaspressdzcdwithnitro野nPS.ThebumitIgpr㈹ ss

wasleCOdedddtahigh･speedvideocam･erathroughatr
aJISParentwindowattachedtothesideofthebumer.The

temperatureprofilesillthecombustionwarvestruc

tuzcweremeasuredwithmicrothermccouples(5LLmindiameterPt-Pt-I0%Rhwire)beiJlgembedd

edinthesamples.ResLJTtsanddは仇lSSlonTheore馳alrocketperformance

ofAMMO/EDNAandAMMO/HMXpropellantsTheth

eoreticalraketperformanceofAMMO/EDNAandAMMO/HMXpropelhntsage shownhFig.
1
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Fig･
1¶l eOre

d
calcombustionperfomI&nceofAMMO/
EDNAandAMMO/HMXpropellaJltS

specI'丘cimpulse(Isp)andadiabaticflametemperature(T,
)

ofbothpropellantsareincreasedbytheadditionof

nitramine･
‥spandTr-areincreaseddra'sticallyover70%

ofnitraminecontent･
B othlspandT,o
fAMMO/HMX

propeuantareIN野rthanthoseofAMMO/EDNApro-

plht)I.
BurningratecharacteristicsofAMMO/EDNAand
AMMO/HMXpropelrants
ThebumiTIgratesOfAMMO/EDNAandAMMO/

HMXpropellantsshowedapproximately
straightlinesinalnrvs･hPplotasshownin
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Fig.2BuminBrateChJtCteristjcsorAMMO/EDNA
aJIdAMMO/HMXpropelhtltS

nentofthebtmingrateatAcotutAntini血ltemperature

isdenotedbythefollowingequation:

n=(alnr/ahP)TO (1)

Itwas0.61forAMMO/EDNAaJld0.80forAMMO/

rm propelhnts.nebuminBrateOrAMMO/EDNA

propellantishigher血nth&torAMMO/HMXprppel･

1antAndtheprcsStm eDtPOnePtOfAMMO/EDNApro-

pellaJItislowerthn thAtOfAMMO/HMXpropellaJ)i
CombuS仙)nw esh chJre

lmeconbusdonproo飴SOfbothAMMO/EDNA姐d
AMMO/HMXpropeb ts鴨島Studiedtuhgtezppcntuze
pro触smeasuredintheconbtdotlwaVCS･Asshownin
Fig.3,thetneastd tetnpentlHtprOmeS血owasteepten･

peraturepdicntn飽rthebmi J)gSurraa,i･e･,the血st-

stAgereactionZOne.Thesteeptemperaturep dicntnat-

tezuotltSOmedistancefromthesurface,i.e.,prepaJdon

Zone.neSecondsteeptemperaturePdiento∝wsal

theboundq betwecntheprcpmtionzonemdluminous

naJneZone,i.e.,thesecond･stApre&cb'onzotLe.ne00m-

busdotLmYeStructureOfAMMO/EDNA仙dAMMO/

HMXpropeuantswasfotndtobeyerysimihrtothatof

iTIertPOlymer/HMXpropellants7I8).

InordertounderstAdtheconbl血onprw ofazide/

nitr&mitleprOPell弧tS,thebuminlSu血 cetenper8ttm
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pRESSURE(MPi)Fig.4Bumingsurfacetemperature(T.)andtemperatuTe

attheendofthefirst･stagereactionZone
(T
8
)vs･
pressureforAMMO/EDNAandAMMO/HMX

propellants
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NNO
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lOVatJuDVISIStJJ｣uHIN[岳tCVtJDut)⊃IYtJudMu

.i PRESSURE(MPa)Rg.5Tempcraturcgradienti
nthefirststagereactionzotleVS.p

ressureforAMMO/EDNAandAMMO/HMXpropelhnts PJ⊇)NOtLO<

山己LOIV3H '一一01 2 3 4 5 6PRESSUREくMP■)F'lg.6Theheatofreactionatthebumingsu

rfaceorAMMO/EDNAandAMMO/HMXpropellants6.Thescatterinthedataishigh becauseorthescatterin

the(dT仙 )qusedinthecomputation･Ne
vertheless,thedifferencebetweenAMMO/EDNAandAMMO/HMX

propellantscanbeseeniTIFig.6.Theheatorreacti

onatthebumingsurraccforAMMO/EDNApropellantislarge

rthanforAMMO/HMXpropellant.Theheatnuxtransferred

backfromthegasphasetothebumingsurface()LB(

dT/dx),.)andtheheatreleasedatthebuming

surface(p,rQ.)werecalctLIated･neresultsareshowninFig.7.Incomputadon,dle

heatcotlductiy-ity･え8WaSaSSumedlobe5･02×10●SkJ/
smK･IICanbeseenthattheheatntuforbothAMMO/EDNAan

dAMMO/HMXpropeuantsisapproximatelythesamean

disrelativelypressureinsensitive.AsshowninF

ig.7,theheatreleasedatthebumingsur-faceincreasc

swithincrcaslngpressure.Thehealttleasedattheb

tJmitlgSurfaaforAMMO/EDNApropellantislargcrthantha

tforAMMO/HMXpropellantintherangeofthepressuretxtw

een1.0and5.0MPa.Whentheheatnuxtra

nsferredbackfromgasPhasetothecondensedphasewascompardwiththeheatnunre
leasedattheburn･

lnSSu
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7HeatnuttranS氏rrd bckh)孤psp

bsetobum-
ItIgSuf
触
andheatnt LXreled&tbumnssur･●
hceforAM MO/EDNAaJl dAMM仙Ⅸpm･

pelluts

AMMO/EDNApropelhntand0.
03forAMMO/HMX

pmpellmtat4.0Mph.
nereSdtsindi侃tethtthcexo･
themict%cdonatthebumlnSSur faceissupposedtobe■

mddyresponsibleforthebuming rateordde/nitramine

propeu&TltS.
FrompreviousworksトII,thebtminBnteof
inertpob･

mer/nitraTPinepropelhnts w鮎Alsofoundtodepend

■tnainlyotlthe
h
eatreleasedatthebunungS血.Onthe
basisoftheseresdts,
itisfoundthttheconb
血onpm･
cessofthedde/nitrdepropelhJltSissindaEtOtht

ofinertpolyTELer/nibdep叩nAntS.
Howm椎もthera･

tieoftheheAt爪tLXtZtnSfidt伽虫(TOmthepsphaseto

thebumingSurfacetotheheat爪tJXrdeased&tthehmins
surfwfor妃ide/nimitlePrOPelhntsislessthnth&t

foriAerLpolymer/dtraminepropelhnts.
nira如are

0
.
03foradde/mitraminepropell帥tSaJld0.I
forinert

polymer
/AitnmiZ蛤PrOPeuaJItS.
nediqeretLCeOftherか

dobetweetlaZide/Bimineandinertpolymer
/nitramine

propelI&tltSissupposedtobe cAuscdbytheexothemic

■reactionofAMM OattheburnIngSurfM.
ConGluelon8

TbehmingTBteCbncterisdcsof妃ide/hibdeprp
pe
lhJ)tSW耶StudiedinordertopinAddespectrtnof

bumi喝r&te.
TLebmingrateofAMMO/EDNApm-
pelhJItishigherthwth&torAMMO/HMXpropellant
andthep柁SSu柁eXPOnent OfAMMO/EDNApropehJlt islowerthnth&tofAM

MO/HMXpropelhtIt.bthAMMO/EDNAaJIdAMMO/H

MXpropellantsexhibitthesaJneCOTnbustionwavestructure&sinertpolymer/
mi

traminepropelhtltS.●ncbumltlSSurfacetemperatu

reandthetemperatureat曲 endoftherlrSt･StAgere

ACtiorLloneforAMMO/EDNAwdAMMO/HMX

pzqxlhntsa柁APPrO血 止IythesaneinthepressuremnBebetw
een1.0aJId5.0Mh.neheatreleasedatthebtLrt

linBSurfaceforAMMO/EDNApropeu8nthI町野r
thJlforAMMO/HMXpro-●

■pelhnt･Tbexpetm tsindicat

eth tthebum grateofAMMO/EDNAproI光Il的tdep
endsmainlyontheh助tTdeasedalthebumiJlGSVrf

ACe.肋 Ⅶ鵬dgnBntSWeareptefuJtoDr.N.K
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高エネルギーコンポジット推進薬の燃焼機構(第ら報)

-アジ化ポリマ/ニトラミン系推進薬の燃焼一

馬時 運暮.鹿田章英暮.御手洗善昭●

アジド/ニトラミン系推進薬の燃焼速度機構を研究するために熱電対を用いて燃焼波構造

を調べた｡実験より,AMMO/EDNA推進薬の燃焼速度はAMMO/HMX推進薬より速く,

阜MMO/EDNA推進薬の圧力措勤まAMMO/HMX推進薬より低いことが確認された｡これ
ら推進薬の燃焼汝の温度プロフィールの謝定結果より,燃焼表面で発生する熱流束が気相か

ら燃焼表面への熱流束より大きいことが碓降された｡ AMMO/EDNA推進薬とAMMO/HMX

推進薬の燃焼速度に対しては,主に燃焼表面での発熱反応が影響を与えていることがわかっ

た｡ AMMO/EDNA推進薬の燃焼速度がAMMO/HMX推進薬より速いのは,燃焼表面にお

ける発熱畳がより大きいことによると考えられる｡

('旭化成工業株式会社化薬研究所プロペラントグループ 〒870-0303大分県大分

市大字里2620)
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