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Thermaldecompo8itionofmultiple･baBedmitraminepropenant8

Ⅹi肌 iLi',BaochngZho●,LiLi●,DongYwg●,andLudeLu●

A8Zlmultiple-basedpropenant,nitramine'8decompositionattributestOth08eOfcomponents,

butnottotheirBimpleplus.Threetypicalpre8Cription80fmultiple-ba令edpropellant,Whichare

RNG(contaimingmitrogumi dine,NGu),RHN(contaiminghexan托ro8tilbene,HNS)andRNO

(nano･oxide8Zldded),arete8ted.HereO2nWamethodi8usedtodealwiththedatagainedfrom

thernogravimetry(TG)andtoAnaly2KBitsthermaldecotnpo8itionmechanismandactivation

energie8.A8aresult,itiBevidentthatnitraminedecompo8itionmainlyundergotwoStage8.

ComparedtoRNGwho8emeehaniSmfunctionBaleFJ(randomnucleation)andD3(thやe→血men･

Bionaldim18ion)foread1Stage,RHNmaintainsthe各amemeChrd8mfunction,butexhibit8lower

activatiOnenergies.WhileitiSratherpeculiarthatnano･oxide8inRNOcannotonlyloweractiva-

tionenergie8,butA180ChangethemechaniSmfunctionwhichbecomeRc(interfacerezICtion)and

Dl(two-dimenBionaldi艮18ion)respectively.ItBhow8thatnano･OXide8LabACertaineLrectto

cataly次thethermaldetompo8itionandcombustionofnitramine8igniB租ntly.
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1.Intrduction

Con8i8tingofmultipleingredient8,nitramine'8

thermal decompo8itioni8relevanttothoseOf

coTnpOnent8,butnottotheir8impleplu合.Combu81

一ionexperiment88how8thatHNSandman〇･〇XideB

maychngebumi ngrateofpropeuantH.HoweWr,

thereactionmechaniBmiBfarbeyondmadeclear.

U8uallyinAuencedby80meC00rdinatingeqector

evencakIy8iBOfaαrtainormorecomponents,the

thermaldecompoSitionpreBentBCOmplicatedmul-

tiple･8tageChrACteri8ticB,forexample,themaxim

exothermalpeakonitsDSCctmei8anOVerlap･

pingone.It'8dimculttodi8tin印i8hitstwomain

Specificpeak8,WhichrespectivelyStandror

exothemalBOfNNC2andRDX2･3).Forthisrea80n,

088Wamethodi8employedtoclari秒thekinetic

chraCteriStic80feach8tage.

2.Experimental

2,1SaTdes

Threepropelhnt'888mple8,Whoseingredients
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areliBtedinTable1,are8elcctedtotest.TheBi男eOf

NanO･OXidei810nm.

2.2 ApparatUS

Thermogmvinetryte且ts(TG)werecarriedout

byu8ingShimadzuDTA-50An aly8i8,γaringthe

heatingrate8from 5to30℃/min,intervalof

5℃/min.Theamountof丘lled8amplewas1mg,

Surroundedbynitrogenwho母eAuxingratei820

nl/min.

3.AnalysisandDiscussion

3.1 Pn'ncipleofO乙aWaMethod

O2iaWa,OneOfnon･i80thermal method8,i8a

dynamiconetomaidydealwithTGcurvesunder

diLrerentheatingratel)iABShownillFig.1,on8

typicalTGcurveci8theconverJiionratioorma88

fractionofremainder,de丘nedABWN.,whereWiB

thema与BOfremainderandW.i8themaB80ftotal

reaCtant.Whenthepropellantdecompo8e8,the

ma88lo88rat8Canbeexpre88edby

-i-u(C) (.)

wheref(C)iBafunctionofma88decompo8ition
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Table1Chemicalcompo8itionBOfthepropelhntste8tedinthis
8tudy

NNC, RDX NGu HNS Nanol0Xide DBP

RNG て56.5% 27.0% 15.0%

RHN 60.0% 32.0%

RNO 60,5% 32.5%

でくK)

Fig.1DefinitionofanalySiSforTGcuvede丘neda

8̀ m̀echAJd8mfunction"andkiSreactionratede丘n

edbyA=Ae-A/Rr (2)whereEaiBaCtivationenerw,Ti8tempera

tuJ･e,氏i8g88COnStant,andAi8p柁 -eXpOnentialc

on8tant.SubstitutingEq.(1)intoEq.(2),oneget

s普-Ae一助 'WF(C) (3)

Sub8titutingtheheatingrate0,whichi8de丘neda

8dT/dt,intoEq.(3),onegetsaneXpre88ionof-i

-i e-A,wl(C) (4)TransformingTGcur･ve88t

differentheatingrate8toaSerie80fcurve80flo

garithmofheatingratebyreciprocaloftemperature,Lo

gOl1/Tcurve8atdiLrerentremainderpercent

agecanbeplotted.Ifallthe白eStraightline卓Ob

tainedareparallel,itcanbedrawn

tbtthemechnbmofBamplei8unChange･ableduringthewholethermaldec

omposition.Thent

heregre88iveequationiB:LogO=LogtAEJRf(C)i-2.314-0.4567EJRT (5) 1.5%5.0%

1.5%5.0% 0.5% 1.5%FromtheSlopeofu増中-1/T(

eqtJalt0-0.4567EJR),theactivationenergy ca

nbedetermined.Oth-erwi8e,iftheSlopedoe8

notappeara8tmi ghtline,theSample'Bthermaldec

ompo8itionisnotasingle8tePreaction,andLogo

-I/TcurvesappearmorethnoneBetOfparanellin

e8,inwhichonlyparallelone8atadjacentremainder

m a88fractionBStandforonetypeofmecbadsm

.By81qpeofdiqerentparal-1ellineS,Eaofea

chstagecanal80bedetermined_3.2 Nit

ramine'sTher･malDecorTIPOSitionlnthediBmBSi

on,RNGiSareference8a皿 pleandtheothertw

oaremodi丘ed,amongwhdlRHNincludesHNS8ub8t

itutingforNGu,whereBL8RNOisaddedby0.5% nano

l0Xide.TheiJ･Logo-1/TGum satdiJre柁ntremainder

pementage8ale8howninFigs.2-4.Fromthe丘gure

S,WeCanSeethatallthe8eCurves0fthethreesam

plesa柁dividedbytwogroup8.Wh enci8larger,the

curve8presentOneBetofparallelsWho母e81opeBa柁8malJer,w
hereascis

Smaller,
thectme8pre8ent anotherBetOfparalIelS
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who8e8lope8a rebigger.
It8uggeBtSthisSug官eSt･

ingthtmitramine'8thermaldecomp ositionunder-

pe8two8tage8.
By Eq.(5),Onec

ancalculatetheactivationenergieBforeach8tage,a81iBtedinTa

ble2,which8how8th上thevalue80fE.forth

ethreeBampleSconeintoadecreasingSequenceby

RドG,RHNandRNO.3.3 MechanismFunctionTheme

chami8mfunctioni8givenbyO祖WaaSln(AEJR¢)=hど(e)-1nP(Ⅵ (6) Table2Activationenergies0r

thepro･peuant8te8tedIJEA(KJ/mol)95

-75 49.1075-10 134.6447.70121

.5844.3497.18whereln(AEJRO)i8aCOn8tan

tirrelevanttotemperatureforacertain0.w

hereas1nP(Y)i8alinearfunctionofI/Tfora

properreactionmecha-ni8m,SOlnf(C)iBalsoboundtobeal

inearfunctionofl/T.Thereare30type80rthef(C)

form8,thecommonnineandtheircorreBpOndingreact

ionmechani8mamongthembeingh8tedinTable3.

Selecting0byto℃/min,lnf(C)-1/Tcurve80reachf

uJICtionforRNG,RHNandRNOAreplottedinFi野.5-

7,andmeanwhilelnP(Y)ll/Tcurvesareobtai

nedbythefoIlowingequation'･Imp(Y)=-1.052EJRT (

7)ThtiB,iflnf(C)ll/TiBparalleltolnP(

Y)ll/T.tllenthisf(C)i8justthethermalreactio

nmecha･niSmfunctionforttteSample.InFi

g8.5-7,1nf(C)-1/Tcurve8forthethreeBAmple8areall

madeupoftwo8e即tlent80rline8,COrre8pOnding

totheirtwothermaldecompo8itionBtage8respectively

,indictingthatthesef(C)8Standfortheirth

ermalreactionmechani8mfunction.Fromtheresult

ShowninTable4,itcanbeconcludedthatRN
GandRHNhavetheSamemeChami8mfunction8forbot

h8tageB,WhileRNOi8quitedidTerentfromthem.

4.ResultsNitra

mine'Sthermddecompoeitionundergo飴tWO8ta酢労,

andforeadhStageEAandF(C)arediJre柁nt.me8e



Tab一e3Commontypes0fthef(C)

竹peofreaction
mechani8mfunction

D,=(llC)2
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Pro伐durecontroungreactionrate

one-dimenBionaldim18ion

D 2=Clnc+(1-C) itwo･dimen8ionaldiJRlBion.cylindriCal8ymmetry

D3-(1-cl′3)2 号 e de芸 ::h!:nmldiLRuion･BPheriCal8ym etry

D4- (1･2C)'31C2′･工 芸 :Bet-lie .eimmi=al諾 票:nu･aBt:.hne血 ISymmetry

Fl≡-1nc irandom nucleation,onenuclearforaparticular
A:=(-1nc)''2

A,=(-1nc)レ3

R,=卜cl/2

A,=llCIn

random nucleation,A汀amiequationI
random nucleation,Ammiequation皿
inter払 ce reactioTLCylindriCal8ymmetry
inter払 cereaction,8pheriCalsymmetry
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T
able4ReactionmechaniSmfunctionfortheprope

lhnt8te8tedC(%) Functionf(C)RNG 95-7575-10 I FlD3EE.~払←RND.valuebu talso



Edi8the8malle8tinthethree88mple8,and

comparedtoRNGandRHN,it8meChani8mfunc-

tionf(C)foreachStageChnge8fromF.(random

nucleation)andD3(three･dimen8ionaldi鮎 ion)to

R2(interfacereaction)andDl(two･dimen8ionAl

dih 8ion),reさpeCtively.It8how8thatnanO･OXide8

cancAtalyZiethetherna1decompo8itionandcom･

bu8tionofnitramineSign追払ntly.
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