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Studyonthespontaneouslgnitionofcellulosenitrate

Efrectofthetypeofstorageatmosphere(I)

KalsumiKaloh,Lule',MamoruJtoh●,MitsuruATai●,andMasamitsuTamura

TTIeeffectsofthetypeofstorageatmospheretJSedonthespontaneousignitionofcclluLoscnitrate(NC)were

investigated.Nit†ogcndioxide,nitricoxide,oxygen,nitrogen,anddriedairwereusedasstorageatmosphcrcs･

Exothcrmicdegradationwasobservedlobeacceleratdinoxygen.lncontrast,nodegradationwasobscrvcdwith

nitrogen.TheseresultsindicatethatcxothermicdegradationbyoxygenisrelatedtospontaneousIgnition･】n

addition,whenlowconccnLralionsofnitrogendioxidewcrcused,thcrcwasnoexothermicdegradation･These

resultssuggesHhatnitrogendioxidecontributesli(tklothegcneratjonofheat.

1.lntroductjon

ckHuloscnitrate(NC)isquiteva】uabtewhenusedas

apropc)]anlinrocketsandballistics.Howcvc†,ilisqullc

unstablcandsubjecttospontaneous]gnilion.WhenNCis

mishandlcd,spontaneouslBnitionmayoccurandcause

seriousaccidents.Therehavebccnmanyaccidental

explosionscausedbythesponlancous)gnitionofNC･L)

Ino一derlosolvesuchproblems,spontaneousIgnition

hasbeenstudied.However,accidcnLsTClatingtothe

sponlaTtCOuSIgn)tIOnOfNCcontinuetooccur･''

lnprcviotJSStudies,2)3)ithasbccnassumedthatNC

spontaneously)gnilesduetoheataccumulaljonof

degradationreac(ionswithnitrogendioxidepTOduccdby

thermalOINO2bondscissions.Rcccnt)y,ilwasalso

suggcstcdthatNCspontaneouslyignitesinIkepresenec

ofoxygeninairl1)丁)

¶lCSPOntanCOuS)gnitionmechanismisverycomplicated,
anditsclarificalionwouldbeva]uablctoachievethe

objectiveofsafesloragc.

ThcPUTPOSCOfthisstudyistoclarifythespontaneous

IgnitionmechanismofNCandtosuggestamethodfor

stabilizaliotlandtva)ualion.Znthispaper,theeffectsof

thereactionatmosphereusedonthespontaneous)gnlt10n

ofNCarcreported.
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2.Experhental

2.1Preparation

NCin2-propanol(nitrogencoTttCnt,)2W%;Aldrich

Co.)wasdriedL.nI,aC.LOa125℃ for3-4days.Parlic)cs

withadiameteroflessthan50-loo/LmWereprepared

withasieve.NCwasputinvcssc)smadeofslainless

stecLTheairjneachvcssc]wasrcmovcdinvocuoand

thenreplacedbynitrogendioxide,nitricoxide,oxygen,

nilrogcn,ordriedair(SuzukiShokanCb.,Ltd).TT)is

pIOCCduTCWasTePeated卜5timestoensurecomp]ete

rcp]acemeTltI

2.2Measurernentofthedecompositiontemperature

ThedecompositioTllcmpcralureofNCprcparcdin2.1

wasmeasuredbyCl80(0.2K･min-L).

2.3Storageat60℃

ThcNCpreparedin2.1wasstorcdat60℃ for1-60

days.FouricTtranSfomlation infrared spec(roscopy
(FT-IR;ShimadzuCo.,FT-IR8000)wasperformcdby

LhcKBrmclhodLoanalyzethestructuralchangeofNC

anerstorage.

2.4Storageat120℃

ThcNCprcpaTedin2.)wasstoredinC-80(seLaram

Q).)at)20℃toobservethemla]bchavjordudngisothernlal

storage.Tnaddition,theFYI)Rspectrumwasobserved

afterstorage.
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Tab一e1TimeperiodoflhcFT-IRspec(rumchange,colorchange,anddecompositioTtlcmperalureiTtVariousatmospheres.

Atmosphcrcs pnmeperiodofFTT-IRspcctrumchange Cb)orchangcaftcrstorageDecomーX)Si(ionten.perabre

/℃Nitro8en Nochang¢(60days) Nochang

c 162Driedair 30-60days

Black 158Oxygen 4day

s～ Black 147Nitricoxide Nochange(6

0days) Nocha喝¢ -Nilrogendioxidc Soona鮎

rstorag¢ PakycLlowJ -3.ResultsandDiscus

sion3.1Effectofoxygen3.1.1D

ecompositiontemperaturenedecompositiontem

pcmLuremeasuredbyC-80(0.2K･minll)isshownir)

Fig.1andTablc1.Thedecompositiontemperaturein

oxygenwas147℃,and,innitrogen,162℃.Acompar

isonofthed∝ompositiontemperatureinoxygenand

nitrogenshowedthatthedecompositiontemperaturewas

lowerbyl5Kthanthatinnitrogen.lnaddition,a

smallexothcrmicpeakwasobservedatt50℃ indriedair

.1missuggcsLslhatthedecompositiontempcraLuretendstob

ecomelowcrwithOXyg印･3.1.2Timerequire.dfordleFT-IRSpectrtJmand

theco一ortochangeThetimerequiredfortheFT-I

RspcclrumandLhccolorlochangewasobserved

at60℃･TllerCSultsaresummarizedinTTabk1.Noch

angewasobservedintheFT-IRspectrumorinthec

oloroftheNCstoredinnitrogenfor60days･Incon

trast,anFT-IRspectrumchangeandthedarkenitlgOf

theNCwereobservedinoxygenin4daysand,indr

iedair,within60days･ThethcrqlalbehaviorWasex

aminedduringstorageat120℃ byC-80toinvestig

atethereactionbetwccnoxygenandNC･AsShowninFig･

2,thethermalbehavio-andFT-IRspec(rumdidmtchaT

tgeinnitrogenformorethan23hours.Ontheotherha

nd,twoeXOthcrmicpeakswereobservedfor2-8hoursi

TtOXygCn.Similarly,anexothermiC peakwasob

scTVedindriedairaRerapp-oximately10hours･Exoth

ermicbehaviorinoxygenwassimilartothatiTldriedairin

termsofthe2-hcadpeak.TTLerefore,theresu)tssLJgge

Stthatthercactionwi(hoxygcTtismorestronglyrelatedtothegcncrationofhea

t･3.l.3FT-lRspectmmNCinoxygenwasstoredinC-80at
120 ℃
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viorinnitrogen,oxygen,orairHeatingrate:0.2

Kmin~l(C･80).- D血d佃rqBnOr4･S伽 it-叩●rtdi

ox加- DriodAJr- Oxypn0 1抑 36

000StoTaP tlndS 54000 72000Fig.2Th

crTnalbehaviorinnitrogen,oxygen,ai一,Olnit10gendi
oxide(4･5% nitrogenbalance)Tsothermalstorage

:1∑o℃ (C-80),Fr･tRspectrumchangeduringe

XOthcrmicdegradationwasthenobserved.¶lisresu

ltissbowTlinFig･3･FromthoseFr-IRspectra,th

e1280cTn･land1650cm-1absorptionbands(0-NO2b
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aninqeaseinthestorasctimc･ncscrcsu)tssuggestthat

thenitricgroupdisappead andthatperoxidc,orother

OHgroupsandcarbonylgroups,wasfomled.

Theabsorptionbandat1400cm-IwasaLtributcdto

nibt)gendioxide,whichwasreleasedhm NCand

adsorbcdonpotassiumbromideasabasematrix.To

confirm thishypthcsis,anFT･IRmcasurcmcntwas

carriedoutforpotassiumb10midc,whichwasexposedto

nitrogendioxide.As ShowninFig.3,anabsorptionband

at1400cm-lwasobservcd･Hence,theabsorptionbandat

1400cTn~lwasconsideredtobecharacteristicofnitrosen

dioxide,whichwasadsolbedonpolassiumbromide.

3.1.4EfFbctofthopartialpressureofoxygen

ncrTmlbehaviorwasexaminedbyC･80during

storaBCat120℃ invariouspartialpleSSurCSOfoxygerl

toinvestigatetherc)alionshipbcrweenpartialprcssuleOf

oxygenandtheexothermicdegadationofNC.Asshown

iJ)FIBS.4and5,thetimetoreachthemaximumrate

dccreascd,andlhcmaximumrateincrcascdwitJlaTl

inm ascofthepaJlia]pressureofoxygen.¶listendency

wasdistinctatabwpaJtia)presstJreOfoxygerl.For
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cm'lFig･3Fr-1RspectrumaRerstoraBCinoxygen.

Thcnumbcr00 rTeSPOndstothatinFig･2.※Absorptionof
potassiumbromideexposedtonitTOgendioxide. im

tanCC,Whenthepartia)pressureofoxygenwastower

thaJ15%,noexothermicpeakwasobseTVCdfb

rmorethan23hours,andnochangewasobserved]'nthe

Fr･IRspectrum ofNCaRerstomgc.Hence,ifthepart

ialpressureislowenough,exothemticdegradatio

nofNCtlardlyoccurs.3.2Effectofnitricoxide

previousstudicsS)6)su脚 StCdthattheonly

gascvolvcd斤omNCisnitricoxide.1¶us,anFT-IRspec

trumwasexaminedaAcrstorascinrLi山coxideat60℃.N

ochJlgeintheFHRspectrumwa

sobscTVCdfor60days･neFT-IRS押dmminoxygen,asmentjonc

daboyc,changedin4days,w
hich suae ststhtthereactivityof

nitricoxidetoNC wasmuchlowerthanthatofoxy苫en.

3
.
3EfFectofnitrqendioxide
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nitrogendioxideal60℃･As aresult,acbangcinthe

Fr-JRspectrumwasobscrvcdimmediatelyaRcrstorage.

TTIereforc,nitrogendioxidemayparticipateinthe

degradatI'onNC.However,theconcentrationofnitrogen

dioxideisverylowinthecaseofinitia)degadation

duringacttJalstorage.1ncrcforc,storageinnitrogen

dioxideat)owconcentration(4.5%nilrogenbalance)

wascarriedoLl10mtheassumptionofactualstorage.No

changeintheFT-IRSpectrumWasObservedfor60days

at60℃,indicatingthatNCiscomparativelyslabteat

suchalowconccntmtionofnitrogendioxide.

haddition,thethermalbchaviorwascxamincdduring

storageat120℃ inni叫gendioxideata一ow

concentration(4.5%nitrogenba]ance).AsShowninFig.

2,thethermalbcbaviorduringstoragedidnotchangero√

morethan40hours,andnochangeintheFT-IRSpectrum

wasobservedaRerstorage.TT]crcfore,itwasconcludcd
thatnitTOgendioxidescalCClyparticipatesiTItheheat

generationofNC.

3.4EfFectofwater

StoragewascarTicdoutindriedairandatmosphericair

at60℃.AchangeintheFT･TRspectrumwasobserved

a鮎rstorageindriedairfor60days.Ontheotherhand,

theFT-IRspectruminatmosphericairchangeda鮎r

appIOXimalcly14days.ltwasassumedthatthedcgra血tion
ofNCwaspromotedbywater.However,nochangewas

observedforI4dayswhendisti]Icdwaterwasadded

althoughanFT-lRchangewasobservedwithin14days

inatmosphericair.

4.Conclusion

TlleCfrccLsofthestorageatmosphereusedonlhe

spontaneousIgnitionofNCwcrcinvestigalcd･Nitrogen

dioxide,nitricoxide,oxygen,nitrogen,anddriedairwere

used asstorageatmosphcrcs.FF･IRspechscopyWZLS

performedaRerstorage,andthcrma]behaviorwas

obscrvcdbyC･80duringstorage.

NochangesintheFIT-IRsp∝trumorcolorwere
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0bservcdfor60daysduringthestorageinnitmBenat

60℃･Incontrast,changesintheFr･IRspcctTUmWCIC

observedinoxygenaRcr4days,and,indricdaiT,within

60days.methermalbchaviordurirLgStorageatI20℃

innitrogenremainedslab】eformorethan23hours,and

nochangeintheFr-1Rspectrumwasobservedduring

thattime･OntheothcIhand,innitroBCn,twoeXOthcrmic

peakswereobscrvcdwithin2-8hours.Theseresults

indicalethattheTCaCtionwithoxygenisTClatedto

spontaneoLLSIgnition.Additionally,thedegadationofNC

wasalsoacceleratedbynitrogendioxide.However,when

the00n∝ntrationofnitrogendioxidewastowenoudl,

tJlethcnna日光haviorduringstoragedidnotchangefor

morethaJ140hours･NochangeintheFT-IRspcclrum

a触rstoragewasobscrvcd.nerefore,itcanbe

concludedtha(nitrogendioxidescarcclyparticipatesin

theexothcrTnicdegradation.Simi]arly,ilwasobscrvcd

thatNCdidnotdcgTadcinnitricoxide.

OlheraspectsofthissttJdywit)bccontinued.TTtc
eLrtctsofwaterwerebarclyconsideredinlhccuTTent

sttldy.TTLerefole,morerCSCarChwi]Ibcrequired.
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ニトロセルロースの自然発火に関する研究

貯栽雰囲気の彰響(第 1報)

加藤勝美●,陸楽 ,̀伊藤葵●,新井充●,田村良三●

ニトロセルロースの自然発火に及ぼす貯蔵雰囲気(二酸化窒軌 一酸化窒素,酸素.窒素,空気)の影

響をFTT_mスペクトル及びC-80による熱分析により追跡した｡その結A,窒素雰囲気と比較して.酸素

及び乾燥空気雰囲気中で劣化は促進した｡したがって,NCの自然発火は.酸素が大きく寄与するものと

考えられる｡大過剰な二酸化窒素雰囲気lflでは,NCの劣化は,促進するが比較的低濃度(4.5%)の場合

は.酸素及び乾燥空気雰囲気中よりも妨化は,抑制され 実際の貯蔵雰囲気における分解初期の段階で

は,酸素の寄与が大きいものと考えられる｡

(●束京大学大学院新顔域創成科学研究科 〒113-8656東京都文京区本郷7-3-1)




