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AstudyonthermalstabilityofnitrocelluloSe

Yasuka21uKUMITA',YujiWADA●̀,MitsuruARAr,andMa88mitsuTM URA●

A8afundamentalstudyforspontaneousIgnitionorniLrice8ter8,thermaldegradationprocess

ofnitrocellulose(abbreviatedasNC,hereafter)anderrectofstabilizerwereexamined.

TheresultsorFTIRAnalysis0fNCandthatafterhavingbeenheated8uggeStedthathydroxyl,

hydroperoxide,andcarbonylgroupsgenerated,Similartothethermaldegradationofusual

polymers.Andtotalcalorificvalueordecompositionreactiondecreased,ACCOrdingtotheresults

ofSC-DSC(SealedCell-DifferentialScanningCalorimetry).TheresultsalsoBugge8tedthat

decompositiontemperaturebecamelower,80NChadturnedtobeathermallyunstablesubstance.

Ontheotherhand,alittleamountOrdiphenylamine(abbreviatedA8DPA,hereafter)added

asa.stabilizerreducedtheseChanges.

1.lntroduGtion

Accidentalexplosionorfire,whichiscausedby

nitricesters,hasbeenreportedrepeatedlyinmany

years.Nitricestersareknowntohavetheproperty

ofspontaneousignition.Thispropertyisthought

tobringdowntheseaccidents.But,themechanism

ofspontaneousignitionisnotfullyunderstood.To

establishsafetyprocessorreviewtoday'smethod

toestimatethestabilityofexplosives,whichcome

innitricesterS,fundamentalstudyonspontaneous

Ignitionisneeded.

ItisknownexperimentallythatSpontaneous

ignitionishappenedmoreeasilyafterlong･term

preservation.So,traclngthechangeorproperty

withtimeisveryImportant.Theconceptorthis

studywasthatdegradationiSrelatedwith

spontaneousignition.Tomakec]e8rthe

phenomenaofdegradationwouldleadtothebasis
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orunderstandingorBpOntaneOu白1gnition,and

finallytosuggestionofestablishmentofsafety

process0rhandling,wtlichhas8Cientificback･

born.

InpreviouRStudies0ndegradationofnitric

ester,e8terhydrolyBisw88thoughttobethemain

cause.But,theconditionorstateofSamplewas

not80Cautioned,AnditiSSuspendedthatester

hydroly8i8happensevenirthenitricesterisdry.

Ontheotherhand,generatedgases(NOB0rNO)

arethoughttobethecauseOfdegradation.But,

reportedexamples0rtheseproductsareVeryfew,

andthechangesofStructureOrpropertiesarenot

fullyunderstood.

2.Experimental

2.1Samplepreparationandapparatus

Inthisstudy.nitrocellulo8e(abbreviatedaSNC,

hereafter)仏ldrich;nitrogenweight12%)wasused

aStyplCtI]nitriceSter,anddiphenylamine

(abbrevifltedtI8DPA,hereafter)仏ldrich)wasused
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Fig.1StructureorDPA
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Fig.2R

ADEXapparatusastypicalstab

ili2;er.NCwa白dri edinvacuu m･drierat
303KCalorirlCvalueofNCinthisstagewasAbout3000

･33OOJ/g.lfcalorificva一uewasoutofthisrange.the

NCwasnot

used.HeatwasappliedbyRAD

EXapparatus(SySttlgCo.,

Ltd).Holdingtemperaturew88SettOisothe

rmal.ToobserveChangesof88mple,FTIR･8100(Sh

ima血uCo.,Ltd)andDSC･20(MettJerTbledo)were

used.InFTIR,liquidparaffinw88adopted.InSC

IDSC,samplemaSSWasabout0.5mg,temperaturerangeWas333-

523K.FLndheatingratewas5K/min.lnthisS

tudy,TAwasusedasabarometerofdecompositionte

mperature.T点meanSthetemperatureatwhichDSCcu

rvearising.2,2Heatdegradationexperimen

tsNCwasheatedbyRADEX,andthechangesorstructureorpropertieswereobservedbyFTIRa

ndSC-DSC.Holdingtemperaturewas393Kand413K,

andholdingtimewas480min.AmountorNCwas

lOOmgfわreachrun.2.3Experimentsaboutst

abHizerNCwithDPAwasheatedbyRADEX.A一t

erheated,

thechangeswereexaminedbyFTTRandSCIDSClike

wise.HoldingtemperahlreWas373K,andholdingti

mewas1200mineach.AmountorNCwaslOOmg,and

amountorI)PAwa80.1,5,long.3.Resultsandd

iscussion3.1Therma一degradatL.OnOfNCA比erheathadbeenapplied,colororNCchanged.
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TableIResultsofexperimentsofstabilizer

An10unt Cotor Newly T巾 Q
T)肝orDPA ⅠR-Peak l℃1

lJg'●】Omg Lightyellow

○ 130 18001mg Ferngr
een × 165 30005m

g Green × 140 2700long D

eep"gr_99_P,A × 140 2900肝 I
IDOO20001SOO 1

000 500ODutTIIP8LJC･lI D

P

AFig.5FTIRSpectrumOfDPA
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200 240S叩IeTeEPer8tUre

(tIFig.7SCIDSCcurves0rNCwithI)PArang

e,Sonitricesteristhekeyofexothermalproperty.Fromtheseresults,itcouldbesaidthat

nitricestergroupwouldbelessenbyheat.KayakuGakkaishi.Vol.63.No.5.2002 --2/.3-3.2EffectofDPAonNCdegradationT

heresultsWereShowninTable1.Th

ecolor,lR･Peak.T｡.andQD9CWereli8ted.A

fterNCwithDPAwasheated,thecolorofithadbeenchangeddramaticFLlly.White

powderch氏ngedtogreenordeep･greenone.

AbouttheFTIRSpectra,thenewlypeakwasno

troundwhenNCwasheatedwithDPA(Fig.5,6).Peak

ofitwouldbeseenaBtheadditionofthatorNCandDPA.But.peakofDPAissomany

thatnewlypeakmightbehi°edAmongthem.

ByaddingDP̂ toNC,thedecompositionofNCbyheat

Wasprevented(Fig.7).QD.S.:OfheatedNCwit,hDPAwerealmo8t.theSameaSNCwit

houtheati叩 .ToNCIOOmg,onlylmgofDPAwa8errec

tiveinthisCOndition.But,muchamountofDPAturnedtoarlecttheDSCcurve.ItSugge8ted

thatDP̂ mightreactWithNC(orgeneratedgnSBeS).T

btalcalorir]cvalue8eemedtobedecreasedw

hen5mgorDPAwa8added,butitwouldbetheerrorormeasurementOf88mplemass.Thewayof

adoptingorb88elinemightbet

hecau8e.3.3DegradationmechanismofNCThe

re8ult80rFTIR8uggeStedthatdegradationo

fNCwasSimilartothatofotherpolymers.Therefore,inconsideringdegradationmechanism,

commonlyknownreactionswereadopted,like"hydrogendrawing･out'',and"autO10Xidation"

.ExperimentallyobservedgroupsWeretO

begeneratedandtakenintoaccountCh

ieny.インNO2 -R一〇･ 十

NO2-0･+RTI -R-OH +

R'･'･ +02

一･･R'iOl〇･RLo一〇･十RTトーーR伽 H+良"･
耳■守

一Rく:-R' -- R･･C+良"･6.
凸 3◎8細⑳Rイ)I+R'-C･一･

Rイ)-O-R' (6)'く)･･〇･十R'･--

R'iCIOR" の2R一〇一〇･ - R'く:く)+02十R



ThiSmeChELniSmwouldnotconflictwiththe

mechanismWhichhadbeen8uggeStedbyKimura

etal.RadicalreactioniBVeryCOmplicatedandthere

mightbemanyOtherway8,butthisschemewould

betheSimpleande88entialoneformaking

products.

Inthis8tudy,theeffectofNO2WASnotStudied.

But,8880meresearchershad8uggeSted,NO 2

wouldplaytheimportantrole.Notonly0 2but

8)80NO 2mightbeamaincauseOfSuStainingautO-

oxid8tion.Furtherinvestigationabouttheeffect

ofthesega88e8i8needed.

4.ConcJusions

lnthisStudy,degradationofNCandeffectof

DFAwereexamined.WhenNCwasdeteriorated

byheat,newgroups,WhichcorTeSPOndtohydroxyl.

hydroperoxide,carbonylgroupsweregeneratedim

NC.ALterdegradation,heatOrdecompositionofNC

bySCDSCwa8decreased,anddecomposition

temperatureWaslowered.Wh endried･NCwithout

DPAiBbeingpreserved,thermallyunstable

8ub8tanCe.Oucha8hydroperoxide,wouldhavebeen

generated.But,SmaIlamountorStabilizerwas

provedtobeefrICient.

Furtherinvestigationonthepresumptive

mechanismwouldleadtoSugge8tionofSafety

proce88,Whichhasscientificback･born.
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