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Effectofbariumperoxideactivityonthereactivityofbariumperoxide･lead

chromate-dinitronaphthalene･chlorinatedrubberdelaycomposidon

HidetsuguNAKAMURA●.YuuziTOMIOKU'.MiyakoAKIYOSHr

andYasutakeHARÀ

Somekindsofbariumpero汚idewerepreparedbypulverizingwithavibro･miJl.andtheir

propertiesandthereactivitywereestimated.Moreover.thelinearburningrateofdelay

powdercontainingmilledbariumperoxidewasmeasuredtoclarifytheeuectoftheactivity

ofbariumperoxideontheburningcharacterisdcsLTheresultsobtainedareasfollows:

Themeanparticlediameterandactiveoxygencontentofbariumperoxidedecreased

dthincreaslngmilhgtime.Inaddidon.the由eofthecrystauitebecamesmallerandaneaec･

livelatdcedistortionconstantincreasedwithmillingtime.Althoughbariumperoxidewith･

outmillingcausedonlymelting.themilledonecausedmeltingandtheformationofcarbon･

ateonheatinginair.Bariumperoxide･Leadchromate･dinitronaphthalene-ch一orinated

rubberdelaycompositJ'onalsoexhibiteddifferentthermalreactivitybypulverizationofbar･

主umperoxide.Themiuingover72hourscausedadecreaseofabout60℃inthelcmperature

atwhichanintenseexothermicreactioncommenced.Withregardtocombustioncharacter･

isdcs,adecreaseofloo℃intheignitiontemperaturewasobservedcomparedtothecasewith-

outmilling.andpulveriZadoncausedasixfoldincreaseinthelinearburningrate.

1.lntrodLJCtjon

Bariumperoxide-leadchromate一曲 itronaph山a･

lene-chlon.natedrubbermI'xture(abbreviatedas

BaO2delaycomposition)isusedasadelaycompo-

sitioninaMsorDSdetonator.Ordinarily.adelay

compositionconsistedofanoxidizerandreducing

agentsasfueLsuchasmetauI-cpowder.inorderto

avoidproducingofgaseousproducts.However.the

BaO2delaycompositionissomewhatdifferentfrom

theusualformulationwithrespecttocontaining

organiccompounds.Nevertheless.thedelaytimeis

quiteprecise.though itproducessomewhatgaseous

productsJtsreactivityandcombusdoncharacteriS･
ticshavebeenknownempiricallytobeauectedespe･

Ciallybytheactivityofbariumperoxide.

Inthisstudy,somekindsofbariumperoxidewere
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preparedbypulverizingbyavibro･mill.andtheir

propertiesandreactivityweremeasuredinorderto

evaluatetheeffectoftheactivI'tyofbariumDerOX･

i°eonthereactivityoftheBaOl･de)aycomposition.

Moreover,theburningratesofthedelaycomposi･

donscontainingmilledorunmilledbariumperoxide

weremeasuredinordertoclarifytheeffectofthe

propertyofbariumperoxideonthebumingcharac･

teristica

2.Experlmenta1
2.1Matorlals

Thesamplebariumperoxide(BaOご)wasreagent

gradeandhadanaverageparticlediameterof3.42

JLm.Itspuritywas95.7wL%determinedhmchem･

icalanalysis.Pulverizationwasperformedusinga

laboratoryvibrかmi11(TutuiScientiticlnstrumenta･

lionCo.,Ltd.).usingastainlesscontainerand50

stainlessgrindingballs(10mm¢).Onebatchtreat･

mentwasperformedfora20gsampledippedin

toluene.Thevibrationfrequencywas100rpm.and

itsrunningtimerangesfrom24to96hours,After
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pulverization.toluenewaswashedoutbyethanoland
driedinavacuum.

Theleadchromate(PbCrO4)wasreagentgrade

andbadacontentof98wt.%.Itsaverageparticle

血meterisunder106FLrrL以nitmnaphthalene(DNN)

wasindustrialgradeandsuppliedbyJapanCarlit

Co..Ltd.Ithadanaverageparticlediameterof

lO6JLmandcontaineda37-38wt.%15･DNN.55｢-
56wt.%1.8･DNN.0-0.3wt.%13-DNNandl･nitron･

aphthalene.Theindustrialgradechlorinatedrubber

CR･150SuppliedbyAsahiDenkaKougyouKI(.was

polyisoprenerubberandcontained65wt.%chlorine.

Thedelaypowderwaspreparedusinganordi･

marybal1･mi11mixer.ThecompositionwasBa02/

PbCrO4/DNN/chIorinatedrubber=90/10/25/03by

weight

2.2Analys事s

ThepurityoEbadumperoxidewasdeterminedby

aoxidation-reductiontitrationofpotassiumper･

mangaAateinhydrochloricacidsolutionPardde由e

wasmeasuredusingaHoribaCentrifugalParticle

SizeAnaIyzerCAPA･500.Thermalanalysiswasper･

formedwithaRigakuDTA･TGsimultaneousana･

lyzerTAS･200inargonnowwithaheatingrateof

20K/mimX･raypowderdiuractionwasperformed

usingaRigakuRoterFlexRU-200.Theparticlemor･

phologywasobservedusingaJEOLLtd.ScaJming

EIectronMicroscopeJSMl2.

2.3Combustfonexperlmont

Thedelaycompositionswerebumtinan a]uminum

cylindriCaltube.andthetimerequiredforburnlng

wasrecordedusingadigitalmemorywithoptical

丘ber由gnaJs.ThesampleoEthedehypowderusedin

onecombustionexperimentwasloadedninetimes

inordertoobtainahomogeneousloading.andits

densitywas60%oftheoreticdmaximumdensity.

Theignitiontestwascarriedoutaccordingtothe

Kruppmethodunderargon.A允erthemixtureoE100

mgwaspressedat588MPa.thepelletobtainedwas

dividedinto5mgpiecesfortheuseofignidontest.

2.4Sens事tiv事tytests

FrictionsensitivitywasmeasuredusingtheDAM

FricdonSensitivityTesteraccordingtotheJapane駅

IndustrialStandardsJISa4810H. EIectrostaticsen-

sitivitytestwascarriedoutusingallelectrostatic

sensitivitytesterhavingafixedelectrodeaccording

totheJapanExplosivesSocietyStandardES･252).

3.ResultsandDlscussion

3.1Effectofn川lngonthepropertyandroactJvityof

ba血mperoxide

Figl1showstheeffectofmiIlingonthemeaJlpar -

ticlediameterandthepurityoEbariumperoxide.

ThemeanparticlediameteroEunmi)ledbariumpert

oxidewas3.42JLm.Themilledbariumperoxide

decreasedinsiZewithincreasingmillingtimeand

becameabouthawaLtermilhgfor92hours.Fig.2

showsSEMphotographsofunmilled(a)andmilled

for92hours(b)bariunperoxide.Fromobserva-

tionoftheSEMphotographs.unmiLIedbariumper-

oxidewhichhadanaverageparticlediameterof3.42

JLmWasukeasinglecrystalandconsistedof03-5

JLmparticles.Ontheotherhand.mil)edbariumperl

oxidebecamesmallerinsize.anditscrystalliteat

thesurfacewasdisorderedwithmillingtime.Bari-

umperoxidemilledf♭r92hoursconsistedofopaque

polycrystaJIineparticlesandsomedozensofprima･

ryparddesofabout0.01-05JLmaggregatetOform

asecondaryparb'desofseveralorseveraltenmicrt)ns

insize.Therefore.itisoDndudedthattheactualsur_

faceareaofthemiIledsam plewasseveraltensof

timeslargerthanthesu血 eareaofthemilledsam.

plccalculatedbythemean particlediameterobtained

fromtheparticlesiZeanalyzer.

Thepurityofbarium peroxidewithoutminingwas

95.7%anddecreasedwith miningtimeto70.0%after

millingfor92hours.Thisdecreaseintheamountof
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(a) 一._-_

._-._._一一_._}10〃m (＼1FLrTlFig･2SEMphotographsofunmiued(a.X4000)andmilIed(b.X6000)bariumperox

ideactiveoxygenwascausedbyaccumulationofme

chanicalenergyonthesurfaceandinthebulkdecre

asedbypulverization.Fig.3showstheX･raypowde

rdi駄actionofbariumperoxide.Bariumperoxidewit

houtmilling(Fig.3,a)showednoneofthepeaksoEi

mpudtiesOntheotherhand.theonemilledfわr92hou

rs(Fig.3-b)con-tainedbariumcarbonate.butthe

existenceofbari-umoxidecouldnotbeconfirmed

becausethedifh･ac-tionpeaksofbariumoxideove

rlappedwiththatofbariumcarbonate.Moreover.p

redseobservadonofX-raypowderdiffractiondataIL

ndicatedthatmillingover24hourscausedanincreas

einthehalf_width(P)ofthediffractionpatterna

ndtheformationofbariumcarbonate.Thediffusion

ofthepeakinthediuracdonpattemdependsonthecrys

tallitewhichistheminimumunitofthecry'stal.Th

atis.thewiderthedifhsion.the

smallerthecrystalliteandtherela･tionshipbetweent

heseisdesignatedbythefbllow･lngequation･'

J:L=KA/PcosO (1)whereListhesi2:eOfthecrystau

ite.Kisaconstant.Aisthewav早lengthoftheCu-

Kaline.PisthehalE･widthofthediuractionpeak

and0isthedi駄ac･lionangle.Moreover.thediffusion

oEthepeakalsodependsonthedis

orderofthecrystallattice.ThedisorderofthecrystaHatticeis
describedbythefo1-lowlngequation41: (sd3)L]!s

tJ?]q302001 (C)●2U 〇一●○ ○●qt) ●琴〇 〇 〇〇〇

〇bU 8020(dcg.) CtJ･KaFig.3 Ⅹ･raypowderdI'ffrac



Tab一e1Effectofmillingonthesi2:eOfcrystalliteandtheeffecdve
latticedistordonconstantofbariumperoxide

Millingtime′hours 0 24 48 72

96L 1136 700 572

589 499l1×103 2.25 4.33 7.65 6.85 636

0.0017

0.00

16冨 0.001

50Oql
O.001 4

0.00130.0012 0 .25･ 0.3 0.35 0.4

sjnqFlg.4ccosevs.sineplotformilleda
ndunmilledbariu

mperoxidefollowedbySherrerandStokesequatio

nUsingtheseLvalues,aneuectivelatticedistordon

constantqcanbeobtainedbyplottingaPcosev

s.sine.Fig.4showstherelationshipbetweenthe

Pcos0vs.sin0plotformilledandunmIlledb

ariumperoxidefわllowedbyequations1and2.and

theobtainedqvaluesareshownimTablel･Theca

llculatedvaluesofthesizeofcrystalliteL

becamesmalIerwithmiuingtimetobelowhalfwithmilhg

for92hours.Accordingtothedecreaseinthesizeofthecrystanite.thee

xtentoflatticedistortionJ7Valuesbecamegreater.3.2ThermalreactJ.Vl'tyofbariumperoxl-d

eanddelaycomposit暮OncontahlingbariurTLPeroxi

deFig.5showstheresultsofthethermalanalys

isofmilledandunmilledbariumperoxideinair

.TheDTAtraceoEunmilledbariumperoxideshow

edanendothermicpeakraJlgingfrom365to395J℃with

noweightincrease.Itiscausedbymelting.bu

tthistemperaturewasaboutloo℃lowercomparedbthe

literaturedata引∴Inthispaper.wedidnotinvestI･

･£atedwhythemeltingpointdropped.But,itca
nbeconsideredtha tcomelting ofbarium peroxidewith
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5DTAandTGc

urvesofmi)ledandunmillcdbariumperoxidei

nairbariumcarbonateorbarium oxideformedonthes

ur.血eeisoneofthereasons.TheDTAandTGofmiHc

dbariumperoxideshowedquitediuerentfeaturesfr

omthatofunmilled.TheDTAtracesofmilled

barillmperoxideshowedexo血emicpeaksbebremelt

ingandaweightincrease.Moreover,theelldothe

rmicpeakcausedbymeltingbecamelargeroroccur

redstepwiseforthebariumperoxidemillingforover72

hours.TheX･raypowderdiffractionpatternsforth

esampleswhichwereheateduptojustbeforethe

tcm･peratureofmeltingofabout365℃andupto4

50℃showedthefarlargerpeaksofban'umcarbon.･L

Le(Fig.3IC).Therefore.weconcludethattheactiv

ebariumoxideformingonthesurhcebecauseofJJu



venzIngcausesanexothermicreactionwithcarbon

dioxideinairtoformcarbonate.

Fig.6showstheDTAcurvesoLtheBaO2delay

compositionunderargonatmosphere.Thedelaycom･

positioncontainingmilledbariumperoxidecaused

two･stepexothermicreacdonsrangingfrom235℃to

440℃.Thetemperatureatwhichtheexothermic

reactioncommencedbecamelowerforthedelaycom･

positionwhichcontainsmilZedbariumperoxide.Delay

composidonswhichcontainedbariumperoxidemilIed

over72hoursshowedanintenseexothermicreac･

lionat178℃.ThepurityofbariumperoxidemilIed

over72hoursdecreaseduptoabout70wt.%,butwas

morereactivecomparedtotheunmi1ledone.

3.3Combustioncharacteristlcsofbariumperoxide-

1eadchromate-dFnltronaphtJlalejne-ch一orinated
rLlbbermixture

Fig.7showst'heeffectofminingtimeofbarium

peroxideontheignitionoftheBaO2delaycomposi-

tion.Thedelaycompositioncontalnlngunminedbar･
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円9.6 DTAcurvesofbariumper oxide-leadchr〇･

mate-dinitronapht
halene･chlorinatedrub･berdelaycompositio
ncontainingmimedandummiuedbariumperoxide 弓

胃-adtzI月t)OP!ug!tDnu!u!M300 20 40 60 80 100Mi1

1ingtilnenlOurSRg.7 Effectofmillingofbarium
peroxideontheignitionofthebariumperoxi
de-leadchro･mate-dinitronaphthalene-

chlodnatedrubberdelaycomposition主umperoxid

eshowstheminimumignitiontempera･一ureof296℃.On

theotherhand.theignitiontem･peratureofthedelaycompositioncol1taining

milledbariumperoxidedecreasedwithincreasing

millingtimeanddroppedupto195℃ forasample

whichcontainedbariumperoxidemilledfor92h

oursLThelinearburningratein Fig.8
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otqsFig.9 Effectofmillingofbariumperoxid
eontheErictionsensitivityofthebariumperox

ide-Ieadchromate･dinitronaphthalene･chJori･

natedrubberdelaycompositionbumingrateof

299mm/see.Ontheotherhand.everycompoddonwhichc

ont血edthemilledoneshowedaincreaseinlinearbu

rningrate.andtheonemilledfor92hoursreachedaaboutsix

dmeslargervalueof17J)mn/seecomparedtothedelay

compo貞doncon･tainingunmilledone.Fromtheseresu

lts.itiscon･cludedthatthebumingcharacteriSdc

softhisddaycompositionwereaffectedbytheactivi

tyofbariumperoxide.Frictionandelectrostaticsens

itivitiesareeSpecial･lyimportantfactorsforasaf

eproductionofdelaycomposition.Everycompositi

onwasinsensidveintheelectrostaticsensitivitytest.

although theelectrodegaplength.Capacitamceofcon

denserandresistaJICeOfdischargecircuitwerechange

d.However.infrictionsensitivitytest,ignition∝c

urredaccompaniedbynoiseandkght_Theresultsoft

hefrictionsensidvi･tytestfortheBaO2delaycompositions

areshowninFig.9.Theverticalaxisistheloadwhichcauses

one丘ringamong6trialsofthetesLTheresultsre

配mbletheotherreactioncharacteristics.andthefriction Sensitivitybecamemoresensitivewithincreas

ingmilhgtime.4.Concluslon8Thesu血ceandbulkpro

pertiesofbariumperoxidechangedbypulveri2:ation

uslngalaboratoryvibrかmill.Thatis.themeanpar

dclediameteraJlditsactiveoxygencontentofbar

iumperoxidedecreasedwithincreasingmillingtim

e.Inaddition.thesizeofthecrystallitebecame

smaller.andaneffectivelatticedistortioncon

stantincreasedwithincreasingmillingdme.Bypulveri

zadon.thethermalreactivityofbar-iumperoxidecha

ngedandpardallythedecomposi･donofbariumperchl

orateoccurredtoformbariumoxideandcarbonate.A

lthough theunmilledbariumperoxidecausedonlymelti

ng.milledbariumperoxidecausedtheformationofcarbonateonh

eatinginair.becauseofitsacdveness.TheBaO2d

elaycomposidonalsoshowsquitedifferentthermal

reacdvity.andthepulverizationover72hoursca

usedadecreaseinthetemperatureatwhichan

intenseexothermicreac･lioncommenced.Theco

mbustioncharacteristicsofthedelaycom･posi

tionswerealsoaffectedbypu一verization.Adecr

easeoEloo℃intheignitiontemperaturewasobservedcomparedtothecasew

ithoutmilling.Everycompositionwhichconta

inedthemiIIedoneshowedan increaseint

helinearbumingrate,andtheonefrom92･hoursmill

ingreachedasixtimesgre

atervalueof17.0mm/seecomparedtounmiIledCa

se. Re

ferenceS1)JapaneseIndustrialStandards.JIS

K4810.JapaneseStandardsAssociation(1979)

2)Japan ExplosivesSodetyStandards.ES･25.

JapaJIExplosivesSociety(1988)3)A.札Stokes.



過酸化バリウムークロム酸鉛-ジニトロナフタレンー塩化ゴム系延時薬の

反応に及ぼす過酸化バリウムの活性の影響

中村共闘●.官奥祐二●,秋書美也子●,原 審故●

ボールミルで粉砕することにより,数種の活性の異なる過酸化バリウムを調整して,その物

性と反応性を検討した｡また,この過酸化バリウムを含む延時薬を嗣整し,その物性が反応性

や倦焼特性に及ぼす形智を検肘した｡

過敢化バリウムを瀞砕すると.粉砕時間に対応して粒子径は波少し.純度も低下した｡また,

粉砕により結晶の歪みが増加して,放置時または加熱時には空気中の炭酸ガスと反応した｡こ

れらを含む過酸化バリウム-クロム酸鉛-ジニトロナフタレンー塩化ゴムの四成分系延時薬を

調整した場合の反応性はその物性に大きく影啓されて,燃焼速度は粉砕により粉砕しない場合

の約6倍増加し,熟反応の反応開始温度や発火温度は低下し,熟反応性や着火性は著しく活性

化した｡

(●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1-1)
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