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Thethermalreactionandcombustionoftitaniumhydride-

boron-potassiumperchloratemixtures

HidetsuguNAKAMURA●.ShintarouBEPPU●,MiyakoAKIYOSHr

andYasutakeHARA'

Thetitaniumhydride-boron-potassiumperchloratemiXturehasbeenusedasanigniting

agentinsomepyrotechnicdevices.However.therehavebeenfewreportsaboutitsther･
matreactivityandcombustionmechanism.especiauytheeaectoftheadditionofborononits

reactivity.Inthisreport.thermalallalysis.elementaryanalysis.combustioncalorimetryand
thebumingratemeasurementwerecarriedoutinordertoclarifythemechanismsoEits

thermalreactionandthecombustionreaction.Theresultsobtainedareasfollows.

Though themixtureoftitaniumhydridewithptasdumperchloratehadalowthermalreac･

tivityundernormalpressure.itsreactivitywasenlargedifexternalpressurewasappliedor

boronwasadded.Itsburningrateimcreasedwithincreasingdtaniumhydridecontentup

toequiweightmiXtures.Theburningcharacteristicsweresignはcantlyaffectedbythesur-

roundingpressure.buttheadditionofboroncausedadecreaseinitspressuredependence.

1.lntroductlon

Titaniumhydride･potassiumperchlorate什iH2･

KCIO4)pyrotechniccompositionsarewell･knownas

chemica一sinactuatorsandigniters.Thesecomposi･

tionshavetheadvantagesofrelativelygoodignitabil･

ity.lowsensitivitytoanelectrostaticdischargeiniti･

ationcomparedtotheonecontainingtitaniumand

producinghighheatcontentcondensedspeciesfb∫

combustion.Manystudies.whethertheoreticalor

experimental,havebeenreportedonthesepyrotech-

niccompositions川prprenrps日加がl

Titaniumhydride･boron･potassiumperchlorate

(TiH･2-B-KCIO4)pyrotechniccomposidonsarealso
utilizedinactuatorsandignitersaswellastheTiH2･

KCIOJbinarymiXtures.However.therearefewstud･

ies.whichdealwiththeseter血arymiXtures.Inthis

study.thermalanalysis,elementaryanalysis.com-

bustioncalorimetryandburningratemeasurements

werecardedoutinordertodariflthemechmismsof
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thethermalreactionandthecombustionreactionof

thetitaniumhydride･boron･potassiumperchlorate

mlXtures.

2.Experlmenta1
2.1Mater暮als

Thesampletitanium hydrideobtainedfrom

DEGUSSAJAPANCO..Ltd.,contained3.84wt.%

hydrogen(TiHx.冗≡1.92)andhadanaveragepar-
ticlediameterof21.2〟m.BoronfromDEGUSSA

JAPANCO..Ltd..wasa90/92%gradehavingan

averageparticlesizeunder1JLm.Potassiumper･

chloratewaspreparedbypulveriヱingandsievinga

reagentgradematerial.anditsaverageparticlesize

wasabout200FLm.BinarymiXtvresofTiH2･KCIO4

andB-KCIO4.andternarymiXturesTiHl1-B･KCIO4

werepreparedusinganordinarybaJl･mi11mixerafter

weighingtheingredientsaccordingtoEqs.(1)and

(2).

4TiH2+3KCIO4-4TiO2+3KCJ+4H･LO (l)

8B+3KCIO4I-4B203+3KCl (2)

2.2Analysls

ThermalanalysiswasperformedusingaRIGAKU

'DTAITGsimultaneousanalyヱerandhigh pressure
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DTA.inwhichthesampleweightwas5mgandthe

headngratewas20℃′minunderanargongas瓜ow.

CrystaIlinitywasexaminedusingan ordinary又-

raypowderdiuractometer.Hydrogencontentwas

determinedbyordinaryelementalanalysis.

2.3CombuBtlonexperlnent

AShimadZuAutocalculatingBombCalorimeter

wa主usedtomeasuretheheatofcombustionforalg

sampleinanargongasatmosphereL

ThebinaryandternarymiXtureswerebumedin

analuminumCylindricaltube.andthetimefわr10

mmburningwasrecordedusingadi由talmemory

withopticaJ点bersignals.Themixtureswereloaded

ninedmes.andthebulkdensitywas65%to80%of
thetheoreticaJmaximumdensity.

3.Re凱Iltsanddlscuss事on

3.1TitanfurTlhydrfde/Potassiumperchloratebinary
rTlIxtLJres

Figure1showstheresultsofthethermalanalysis

oftitaJliumhydrideinair.DTAandTGcurvesinair

showsagradualandstep･wi父0Ⅹidadonwhichstart･･
edatabout600℃.Thisoxidationrangeduptoabove

850℃.andthe丘nalweightincreaseofabout60%

correspondedwelJtotitanium (N)oxideformation.

Otherexperimentsunderisothermaloxidation

showedalargeoxidadonrateatitsinitialstageanda
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000FJg.1ThermalanalysisofTiH2inair gradualdecreaseinthecourseoftheoxidation.in

di_citingthatthediffusion{ontrolledprocessesexi

st.Hydrogenintitaniumhydrideisstronglybon

dedanditsliberationfromtitaniumhydridecommen

cedatthetemperatureof400℃.Thisdissociat

ionoccurredrangingfrom400to900℃ (Fig.2).H
ow-ever.thereactionrateisthesameinbothair

andar

gOmAsstatedabove.titaniumhydridecannotbe

soeasilyoxidizedbyoxygeninair.Similarly.inarg

on.dtaniumhydridewasqadual)yoxidizedbypotass

iumperchlorateatthetemperaturerange.ofabout

470to630℃asshowninFig.
5.Generally.whenapwderispressedintoacirc

uhrcylinder.thelinearbumingratedependsupon

itsdiameterbecauseOftheCOnductionolheatto

theatmosphere.However.preliminaryexperime

ntsshowedthatthe)inear burningrateoftitan

ium.hydride-potassiumperchloratewasindependent

oftubediameterabove4mm.Moreover.thelinearb

um-ingntealsodependsuponthebulkdensity.h

thecaseoflowbulkdensity.combustionisauected

bytheconductionoEheatandhotgaspflowthrou

gh avacancy.Thesamplewhichhadabulkdensity

ofabove65%realdensityshowedthesamemassbu

rn･ingrateThistellsusthattherewasnoeffectoE

hotgasflOwoncombustionabovethisloadingdensi
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BurningrateofTiH:TKCIOJmiXtureSFigure3showst

heresultofburningratemeasure-mentsfortheti

taniumhydride-potassiumperchlo-ratebinarymixtu

res.Themaximumvalueofthelin･earburningrate

sisobtainedwiththecompositionofTiHIL/KC104
=65/45(bywt.)whichcorrespondstoafuel･r

ichconditionaccordingtoEq.(1).Combustion

calorimetryshowsthattheheatofcombustion

hasamaximumvalueatTiH2/KCIOl冒40/60(bywL)(Fig.4).Theseresultstellusthat the

(bJLt
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5000 20 30 40

50conterLtOfTiH2tVtt)Fig.4HeatofcombustionofTiHl-KCIO4mixtures condensedph

asereacdonisEq.(3)rathe

rthaJIEq.(1).2TiH2+KCIO4-I2Ti02+KCl+2

Hl. (3)Figure5showsth e
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Fig.6LineaerburningrateofTiH2･KC104under
pressurizedconditions
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B･KCIOlmiⅩtureShowsaintenseexothermiCreacdo

nat585℃eventlndernormalpressure.Theexother

micreactionoftheTiH2-B-KCIO4miⅩttIreSoccu

汀edmorevigorouslyatalowertemperaturethan

thatoftheち-KC104miXture.Moreover.thereactionbecomesmoreintensewithincreasingboron
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Linearburningr ateofTiH2-B-KCIOJmix･
turesunder pressurizedconditions
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Fig.
10Effectofboronco ntentonbumingrateof

TiH･lBKCIO4mixturesKCIOdternarymixtures(undernormal

pressure).Thelinearburningrateincreaseswith

anincreasingboroncontent.Thatis,additionof

borontotheTiH2･KCIOlmixturesincreasesthecombu

stibihty aswellasthethermalreactivity.Figur

ellshowsthepressureindexofthecom･bustionsofTiH2･B･KCIOJternarymixture.Aspre- Fig.1

1PressureindexfortheTiH･TB･KCIO4mixtur

esviouslymentioned.theTiH2lKC101binarymiⅩtures

giveal

argepressureindex.llowevcr.ifboronisaddedtothisbinarymixture.thepressure index
b



4.Con¢山$lon

h thisreport.thermalreactivityandcombustibi山･

tyoEtheTiH2/KCIOlmixtureswerestudied.when
boronwasaddedtotheTiH2/KC101mixturesinsub-
stitutionforpartoftheTiHll.Additionofboron

causedthethermalreactiontobecomeeasier,espe･

ciaJIyunderpressurizedcondidons.Burningcharac･

teristicswerealsoimprovedbyboronadditionim

accordancewithitsamount.andthepressureeHect

decreasedwithincreashgboroncontentt.
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水素化チタン-ホウ素-過塩素酸カリウム混合物の反応性

中村英嗣●,別府慎太郎●.軟膏美也子●,原 審故●

水素化チタンーホウ素一過塩素酸カリウム混合物の熟および燃焼反応性を熱分析､燃焼熱測

定､燃焼速度測定等を行い検討し,以下の結果が得られた｡水素化チタン-過塩素酸かノウム

混合物の熟および燃焼反応性は常圧下では激しくないが,加圧下あるいはホウ素の添加で激し

くなる｡また,ホウ素の添加で水素化チタンー過塩素酸カリウム混合物の反応の圧力依存性は

小さくなる｡
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