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Theexotherm al decompo8itionofnitrocenul oBeinmixedacids

Hidet8uguNAKAMURA●,NoriakiMATSUtJRA',MiyahA灯YOSHr

andYa8utakeHARA●

Theexothemi cdecompo8itionofmitrocelluloSeina801utionofmiXcdacidwas8tudiedinorder

todetemi nethecondition8for88fepzductionofnitrocellul08ebymeansOfthenitrationofceuu･

losewithmixture80fmitricacidand8ulphuricacid.Ⅰ80thennaldecompo8itionteStBWere也rried

outandatemperature8ughtlyhigherthanthenitrationtemperatureinmanuhcturingwa8adopted

a8aneXperimentalcondition.There8ultsobtainedareaBfouow8.

NitroαnulOseinmixedacidunderwentexothemi cdegradationaReralonginductionperiod.

whidhwasaqectedbythereactiontemperattwe_ThSdegradation8howedthemaximumratein

themiddleofthereaction,whichindi切tedthereactiontobeauto飴talytiC.TheaCtiqtionener･

gie8ObtainedbyAm heniu8plotsofratecon8tant8fromtheautcNntdyticrateequationwere31.4

-59.1kJ/mol.Moreover,plot80fthelogaritlm oftheinductionperiodtv8.theizIVerSeOfreac･

tiontemperatureal808howedgoodlinearityaccordingtotheAnrhemiuS･typeequation,andthe

obtainedactivationenrgie8Were37.3-60.4kJ/mol.

Theinductionperioda氏erwhichtheexothem icreactioncommenceddecrea8edwith thein･

creasingNC/nixedacid8ratio.An increa8einthecontentofnitricacidinthem也 dacidthen

hadadecreasinge飽ctontheinductionperiod.MoreovezT,thisdegradationwasaffectedbyatmo･

8phericgaBeS,andnitrogendioxideacceleratedthereaction.

1.(ntrodLJCtjon

Nitro喋11ulose(NC,Nitrccotton)i8OneOfthemo母t

reactivechemiCal畠.Becau8eOfthi卓reactivenature.

enornou8丘柁8andincidentalexplo8ion8havebeen

reportedinit8manufacturing.Moreover,agingof

nitroceLlul08eunderlongtermStorageCauSe8a

changeinthepracticalperformanceoraninciden-

talexplo8ion.Extensivedataontheapngofexpl0-

8ive8hvebeenaccumulatedfromtheviewpointof

SafetyinmiLnu血cturizIg,Storage,andu8eOrOpera-

tionalreliabilityJ)･2川 . However,fewkineticdata

areavailableonnitrocellul08edecompositionin

mixedacidwhicharerequiredforSafeproduction.

ⅠnthisPPer,thethem albehaviorofnitro伐Ilu-

108einasolutionofmixedacidwa卓8t.udiedinorder
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todeterninethecondition8for8afeproductionof

nitrweuulOBebymeAZ旭Ofthenitrationofcellul08e

withmixtures0fnitricacidand8ulphuricacid.As

anexperimentalmethod,iBOthemalde00mpo8ition

experiment8WereCarriedoutattemperature8rang･

ingfrom50-78℃whichareSlightlyhigherthn

thenitrationtemperatureinpracticalmanuLhctur-

ing.Baaedonthecon8iderationoftheeZrectoftem･

peratu代.NC/acidratio,andacidcompositiononNC

deoompo8itioninthemixedacid,thethermalde･

compositionbehaviorandmecha血Bm80fnitroα1-

lulo8einmixedacidwereinvestigatedtounderl

8tandthethermalbehviorof血trationduringthe

practicalnitrationpro0088inordertodeteminethe

condition8for組feproduction.

2.Experhenta1

2.1Materials

Fourtypes0findu8trialgradeNC8ample8used

intheSee叩erimentSWereSuppuedbyAsatdChemi-

-)08- 火薬学会法



CalIndu8tryCo.,Ltd.LBtypeNCi8inpowdered

formanditsnitrogencontenti8ll.6%.LAtype

NCiSinacottonflakeformhavingamitrogencon･

tentofll.8%.HBtypeNCiBinapowderedforn

havinganll.8%nitrogencontent.HAtypeNCi8

inacottonflakeformhavinga12･1%nitrogencQn-
tent.

MixedacidshavethecompositionsOrnitricacid

(HNO3)/sulphuricacid(H2SO一)/water(H20)≡60/

20/20,50I30/20,40140/20,30/50/20and20/60I20by

weight.Thermalanaly8eSWereCarriedoutfor

Samplesofthemixture8with960part80fmixed

acidaTd4part80rNC,480/4,240/4,96/4and48/4.

2.2111erTTlalanalysis

ThermalanalySi8W88performedusingahand-

mademicrocalorimetricapparatu8underargong舶

atmosphere,inwhichtheheatingratewas2冗/min

andtheSampleweightwas900mg(36mgofNC

and864mgofmixedacid).PrehJninazyexperiment8

showedthatthetemperatureri8eintheSampleSol

1utionofmixedacidandNCcauBedbyexothermic

deoDmpOSitionwa8within1K

Exothernicpropertie8inthei80therTnaldeoDm-

positionofNCwereexaminedusingthehndJnade

microcalorinetricapparattはunderatmo8phere80f

argongas,air,andargonwithaboutIvol%Tdtro一

節ndioxide.Ⅰ80thermaloperationofthermdanaly-

seSforNCinmixedacidwasCarriedoutattem-

peraturesrangingfrom50-75℃.

3.ResLJlb

3.1TherrTlaldecornpositjonofnitroceltuloseinmixed

acid

Fig.18how8anexampleoftheDTAcurve8forNC

(4wt%,LBtypeNC)inmixedacid(96wt%,HNOJ

H皇SO4III20=60/20/20byweight)underargon.NC

begantoundergoexothermicdecompo8itioninthe

mixedacidatatemperatureof65℃,evolvingnil

trogendioxidep8.Tl血exothemi crt!actioncea8ed

atthetemperatureofabout90℃,producinga

browni8hyeuow80lution.Thede00mpoSitiontem･

peratureSdonotdi飴rwiththetypes0fNC.Ptlre

nitrooellul08edecompo与edthermaIlyattempera･

tureSrangingibm180-250℃inargon.Thus,

theNCdecompositioninmixedacido∝uTedata

lowertemperaturecomparedwithpureNC.
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(mln.)Fig.2Ⅰ80thermaldecompo8itionofNC(

36mg)inmixedacid(864mg,H2SO4/HNOB/w

ater=60/20/20byweight)obtainedbymicro･Calorim-

etry3.2JsotJlermaLdecomposh'Onofnibocelluloseinmixe

dacidUnderi80thermalcondition,NCunder

wentexo-thernicdeconpo8itioninmixedacidat

tempera-ture8rangingfrom50-75℃within400

minutes.Fig-28howSthe柁8ult80fiBOthemdde00

mpositionofNC(36mg,LBtypeNC)inmixedaci

d(864mg,H2SOJHNO3/water=60/20/20byweight)

underar･Eonobtainedbymicrocalorinetry.Ther

earetwoKayaktJGakkaishi.VoL61.No.3.2000



Tab一e1Inductionperiodandkineticparameter8at
variou8temPZBture8forthethemddecom･

po8itionofNCinmkedacidundera喝on

Tbmp. j RateconStantk,Inductiontime
(℃) (min.-1) (mh.)

0･009 414

0.018 184

Mixedacid:NCOBtypeNC);96:4Qyweight).
Mixedacid;HNO3/H2SO一/H20≡60/20/20by
weight.)

1/∫Fig.31ntv臥IFrplotwithrega

rdtoFig.2chmcteri8ticfeatu柁8
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Fi85Apph租bilityoft

heresults0fFig.3totheau-tm talyticrateequ

ation(2)OEtenrepresentsanautOCatalyticr

eaction.Fig.58how8theapplicabilityofthe柁8ult8

0fFig.4totheautocAtalyticrateequation(2).･l

n(I/(1-Ⅹ))≡kt (2)wherexi8thefractionaldecompo

8itionofnitrocelllul08eCalCulatedfromthet

hermograminFig.2,ktheratecon8tantfortheautoCatalytic

decomposi-tionandtthereactiontime.Thispl

ot8how8goodlinearity,Andtheobtainedrateの
n8tant8are8howninTablel.Am he血 plotsoftherateCOnBtan

t8kobtainedfromFig.4gaveanactivationenergyOf

57kJ/mol.ManyNCdecomposition8tudie8indica

tethatthedecompositionofplm dryNCfomow8theaut

ocatallyticrateequation2lduetothecatalytic

natureofド:S:W(bywt.)60:20:2050:30:2040:40:20

30:50:2020:60:20 theproductnitrt)genoxide8.Our

NCdemmpo8i･tionexperimentsinmixedacida180f

ollow8the8&merateequationbutwithalongeri

nductionperiod.Theactivationenergyofthedryde00mpoSit

ionalsodiqer8tiomthatinthemixedacid,aJldtho8

eval-ueswerereportedtobe

180-200kJ/mo13).nu8,itcanbededucedthtthed

econpo8itionmechniBmBofNCinthedryconditiona

ndinthemixedacdaredifferent.3.4EffectOf

somefactorsonthedecomposh'onofn卜trocel

luLoseinmixedacidlnordertocon8idertheeLr

ectofcompo8ition80fm血 acid,isothermalexperimen

t8WereCarriedoutforthemixedacidwhichconsist

edofnitricacid(HNOa)/Bulphuicacid任Ⅰ2SOJ/w

ater任Ⅰ20)≡60J20/20,50/30/20,40/40/20,30/50/

20and20/60/20byweight,respectively.Everycompos

itionhadanin･ductionperiod,and丘actionalde

compositionvB.timecurveや8howeda8igmoidalSha

pe.Table2Bhow8theinductionperiod8andkineticp

arameter8forvariousacidcompo8itionS.A8Stated

before,thein･auctionperioddecrea8edwithanincr

easeintheNCImixedacidratioorwithaninCrea8

einthecon-centrationofnitricacidintllenixe

dacid.Regard-ingtheratecon8tant8,the8ame

re8ultSWereOb･taiJledwithresp

ecttOtheinductiontime.ThatiJB,themteconB
Ltantkfortheautoはtalyticde印mpoSi･tionincre

asedwithanincreaseintheNC/mixedacidratioorwithanincreaB

eintheconcentrationofmitricacidinthe

mixedacid.Fractionaldecomposition(x)V8.timecur

ves0b･tainedfmmtheiBOthermaldecompositionof

NCinTable2KheticparameterBfortlledccompo8itionofNCinmix

edacidforvarioueacidcompoBi

tionB1bmp.℃ Ratecon8

tant(Inductiontime)

竺_,r一一｣｣竺

0
.
039(187)

0
.
023(24

0)0.018(294)0.01

2(352)0.008(458) 0.063

(96)0.044(

129)0.035

(144)0.022(159)0.017(244) 600.105(72)0.077(82)0.057(89)0.040(96)0.036(117) 700.162( nl■u630.132(13)0.

lot(JI8)Ea(Induetiontime)(kJ/md)43.1(46

.7)48.0(50.1)51.3(52.9)0.075(53); 55.2(55.3)



Table3Kineticparameter8fortheisothermalde･

compo8itionofmitrocellul08eintheargon-
N02atmO8phere

Tbmp.
(℃)

Ratecon8tantk
(min.-1)

30 F 0.472

40 ｡ 0.679

50 . 1.232

Inductiontine
(min.)

0
0
0

Acid(mixedacid),Sulfuricacid:Nitricacid:

Water=60:20:18hyweight,Mixedacid:NC(LB

typeNC);96:4巾yweight)
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n.)Fig.6Ⅰ80thermaldecompo8itionofrLitrocenu

l08etmderargon･NO2atmosp

here(NO2皿owha合been8tOpPedatthetimei
ndi･catedbythearrOWさ,andarpnflowlmB
been8tartedthereafter.

)themixedacidintheargon-NOBatmO8phere

d80hadan8･8hape.RateconBtant8fortheNo℡-C

ata-1yzedNCdecompo8itionareShowninTabl

e3.Am hemiu8plots0fthiBrate00n8tantkgaveavery lowactivationener瑳yOf30.4kJ/mol.However,

thei80thermaldecompo8itionofnit,roeelluloBein

tlleargon･NO2atmO8Phere8howedthefollowingc

har-aCteri8t,icfeat.ure8COmparedwiththeexperi

mentwithoutNO皇.OneiSthatNCdecompo8e8imm

edi-atelywithoutanyinductionperiod.Thi8tell

su8thatNO28ccelerate8theinitialreactionofthe

de-compoBition.An otheriBthattheNCdetOmpO8i

tioni8neverCOmpletedintheNo℡COntaininga

tm0-8Pherein8piteofthea∝elera位相edTectofNO2.

Thbteu8u8thatNo℡acceleratestheNCdecomposit

ion,butthatthedecompo由tion8tOp80ntheway,8

how･lngakindofequilibriumbetweenthereaction

8pe･cie8andNO皇.Fig.68howStheexperimental

evildenceorthecatalyticactionofNO皇0nNCdeco

mpo･8it.ion,inwhichthei80thermaldecompo8ition

wa8carriedoutunderargon-N02flowuntilthe

timewhenthedecompo8itionStopped(thistimeiSi

ndi-catedbythearrowsinFig.6),andthereafter

onlyarpnwa8kept皿owing.Inthisexperiment,th

oughakindofeqtdlibriumwasOnceattainedunder

ar-gon-N02now,theexothermicreactionapin

oc･eurredinar

gon.Table48how8theeffectofacidamounton

theexotherTnalde¢ompo由tionofNCinnixedacid

.meinductionperioddecrea8edwiththeincreasing

NC/mixedacidratio.Table58how8theeffectof

thetypeofNContheexothermaldecompoSitiono

fNCinmixedacid.Inductionperio血weredi飽rent

withdiLrerentkind80fNC,buttheactivationener

gie8obtainedfromtheinductionperidSandthekin

eticparBmeterBhvetheBa血eValueregardleS80

rtheTab一e4Eqectofacidamountontheexother.maldeeomp
o8i-tionofNCinmixedacid
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Table5EaTectoftypeofNContlleeXOthermaldecompositionof
NCinmixedadd

竺 o竺 ｣ ⊥

Tbmp.℃
LB

HB

HA

IA

Inductiontine
(min.)

50

181
124
54
312

57.0(59.4)

39.7(43.0)

31.4(37.3)
41.9(44.9)

Add(mixedacid),Sulfu ri cacid:Nitricacid:Water=60:20:18
byweight,Mixedacid:NC(LBtypeNC);96:4(byweight),
Eainbrackets;CalculatedEa

typeofNC.

4.Conclusions

Nittw uul 09einmixedacidunderwentau血 atA-

1yticdegradationa鮎ralonginductionperiod,whidl

wasa飴ctedbythereactiontemperature.Theacd･

vationenergyobtainedfromtheautocatalyticrate

equationwa島About31.4-59.1kJ/mol.Moreover,

theinductionperioddecreaBedwithanincrea8ing

NC/mixedacidratio.An increa8einthecontentof

nitricacidinthemixedacidhdadecreasingeuect

ontheinductionperiod.Plots0fthelogarithmof

theinductionperiodtⅦ .theinverseOftheteactioTI

tcmpcratureShowedgd hearityacwrdingtothe

Am heniuB-typeequation,andtheobtainedEAWa白

frominductionperiod

about37.3-60.4kJ/not.

Nitrooeuul08einthemixedacidunderwentauto-

catalyticdegradationafteralonginductionperiod,

wldchwa合adbctedbythereactiontemperature,the

amountofacid,anditsoompo8ition.Moreover,nil

trogendioxideShortenedthisinductionperiodand

acceleratedthereaction.
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混酸中でのニ トロセルロースの発熱分解

中村英嗣事,松浦法鎖'.秋吉美也子●,原 泰毅●

硝酸と硫酸からなる混酸中でのニ トロセルロースの発熱分解を,自製の熱分析装置を用いて,実際の硝

化温度よりも若干高い温度で検討 した｡得られた結果は以下の通りである｡

混酸中のニ トロセルロースは誘導期間の後に発熱分解を起こし,この誘導期間や発熱分解反応の速度は

反応温度によって変化 した｡等温反応では発熱分解反応は反応の中間に最大速度を示す,自触媒型に特有

の反応率一時間曲線を示 した｡この反応の活性化エネルギーは31.4-59.1kJ/molであった｡誘導期から求

めた活性化エネルギーは37.3-60.4kJ/mdであった｡

発熱反応が開始する誘導期は,混酸丑の影響を受けてニ トロセルロース丑が増加するにつれ,また.混

酸中の硝酸畳が増加するにつれて減少した｡さらに,分解に及ぼす雰囲気ガスの静轡も認められ,二酸化

窒素は反応を加速した｡

(●九州工業大学 工学部 応用化学教室 〒804-8550北九州市戸畑区仙水町 1番 1号)
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