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EfGectofpre88ureOnthecombu8tioncharacteriStic80ftung8ten-

pota的iumperchlorate-bariumchomatedelaypowder

HidetSu印 NAm ',NorihideSURUGA',MiyaknAm OSHI●.

AndYa8utakeHARA●

Some00mbuBtionexperiment8andanalySi80fthecombustionresiduewerecamiedouttodari&
thepreBBu柁eqeCtOnthebtlrningcharacteri8tic80fatungsten-pOtABBiunperchlorate-barium

chzDmatedelaypowder.ThereSult8Obtainedarea8fouow8.

ThelinearburningrateoftheW/KCIOJBaCrO-delay00mpoSitionincrea8edwithiJm a8ing

externdpre88ure,andafuel･riChcompositionhdalargerburningrate.AdditivesChangedthe

combustionchracteriBtic8andhadadiLrerenteqectaccordingtothecomposition.Theheatof
reactionandthema血mum combu8tiontemperattm increaBedwithincrea8ingexterndpre88tm,
bee8u8eOftheincre88eintungstenOXidation.Fromthetime-temperaturehistoryaAaJyBiB,the

additionofdiAtOmaCeOuSeWthcausedanimprovementinheatconductionofthedelaypowder.

1.IntrodIJCtjon

So･¢alledga8･le88pyrOteChmiCmixture80fttln8-

8ten-pOtiLBSiumperChloratc-barium chromate(W

/KCIO一/BaCrO一)havebeenu8edinvariousPyTYl･
ね也micdevicesbeau8eOftheirprecisedelaytime.

Therehavebeenmany8tudie80nthe8edelayCOm･

poSition8,Whichdealtwithcombu8tioncharacteriS･

tic81)andbumi ngratemodifier82).However,there

havebeenfewBtudieBWhichdealwiththepre88tJre

eqectonthecombt18tionofdelaypowders.

Delaypowder8inpyrotechnicdevi ce8areusedin

8ealedaB8emblieさ.Therefore,arequirementexi8t8

forAminimumchangeinburningrateatthevaril

OUBexternalpre88ure8.InthisStudy.80meCOm･

bu8tionexperiznent8,8uCha8burningrate,OombuBl

liontemperatu柁andheatofreaction.andanaly8iS

ofthecombu8tionre8iduewerecarriedouttochri&

theeqectofpre8BtlreOnthetungsten-pOta88ium

perchlorate-bariunchromatedehypowdercom･

buBtion.
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2.Expen'rnenta1

2.1 Maten.als

me組mpletunptenpowderobtainedfromaa)m-
mercialBuppherhdanaverageparticlediameter

of1.36〟孤.Pota88iumperchloratewa合prepared

bypulverizingandSievingareagentgrademate一

血1,andit8averageparticle8iヱeWasabout10JLm.

Bariumchromatewa卓area酢ntgradewithanav･

eragediameterofabout1JLm_Diatomaceousearth

and80diumnuoridewerereagentgradewithan

averagediameterbelow147LL孤.

Thedelaypowder8Werepreparedusinganordi･

maryball-minmixeraRerweighi喝theingredient8.

Theform ulation80fthedelay00mpo8itionareShown

inTableI.

2.2 Analysis

Quahtativeanaly8i80fthereactionre8iduewa卓

performeduAn g00mmonX･raypowderdiBaction.

2.3 Combustionexpen'ments

ThedelaycompoBitionBWerebumedinanalumi-

numqrlindriCaltube,andthetimefor10mmbum-

ingwa台recordedusingadigitalmemorywithopti-

Calfiber8ignal8.Onedehycompo8itiondividedinto

nineequalpart8Wa白loadeddnetime8inonedelay

-224- 火薬学会諌



TabJe1FormulationofW/KCIO4/BaCrO.delay
composilion

Composition(part) fAdditive._J
W KCIO｡ ≡BaCrO∴ Ⅹ (part)

1
36 30

D.E. 1

D.E. 5

1

5

1
0

.1

50.

(SPU)〇一tu
9
17tLm
由

(W侃CIO4倍aCrO4)

_=/ =-==G ｡=-=~≡ロ′
_===,I--I:
64/36β0ひOOD-一一一OJ3

/㌔了
△
電i
40/60/30

60 30 '

D.E. 1

D.E. 5

Nap 1

NiF 5

0

D.E. 1

D.E. 5

NhF 1

NaF 5

Ⅹ;冗partofadditivewa8addedto100parts0fthe
mixtureofW,EC104andBaCrO4
D.E.;DiatOmaCeOu8earth

tube,andthebulkdensitywa860%ofthetheoreti･

catmaximum den8ity.medehytubehasaninside

diameterof6mm,anoutBidediameterof15mm

anda30mmlength.Thebumingratewa白meal

阜uredinnitrogenAt.mO8phereintheBaneWaya8

fortheheatofreactionandcombuBtiontemperB･

Cure.

A"Shimad2:uautoCalculatingbombcalorizneter'7

wasu8edtomea8uretheheatOfcombuBtion.The

SamplewasloAdedinthedel町tubeandthenplaced

inthebombbeforefiring.Me88urementWa白Carl

riedoutinatmosphericandpre88uriZCdnitrogen.

ThecombuBtionteznperaturewasmea8uredwitha

Pt-Pt/-Rhthermo00uple(¢≡0.1mm)usingaDigi･
talScopeDL708血mHokuBhinDenldCo.,Ltd.

3.Resuksanddiscussion

3.1 EffectofpresiRJreOnthecombustionoftheW/

KCl0一/BaCrO4dehycompos氾on

ThemainreactionoftheW/KC104/BaCrO.

delaycompositionistheoxidationoftungstenby

pota88iumperchlorateaccordingtothefollowing

0.1̂ Aj -?

0.01 0.1 1

PrcN (MPa)
Fig･1Effectofpre88ureOnthelinearburringrate

oftheW/KCIO./BaCrO.delaycomposition

equation;

4W+3KCIO4ー4WO3+3KCl (1)

InthisStudy.thedelaycompo8itionBareCla88i-

Bedintothreetype8.OneiSatungsten-eXCe880r

fuel-richcomposition(W/KCIO4≡86/14bywt.),
andtheothersarea8tOichiometriC(64/36)anda

potassiuznperchlorate-rich(40/60)composition.

Thirtyparts0fbariumchomatewereaddedto100

parts0fthemixtu托Oftung写tenandpota88ium per-

chloratebyweight.Barium chlomAteActs88abl汀n-

ingratemodifiers).

Figl18how8there8ult80fthelinearburmingznte

oftheW/ⅩCnOJBaCrO4delaycompoBitionBinthe

presstlrerangeOfO.01MPa～5MPa.Forthede-

hycompoSitionB,thelineaLburmngrateincreased

withincrea8ingexternalpre88ureandincreased

withincreasingtungstencontent;thetung8ten-eX-

ceBBCOmpO8itionlladafewtoabouttwentytime8

largerValueundereveryexternalpre88ureCOm-

paredtotheothercompo8itionBL.ForgaBle88delay8

prop喝ation,thethermalconductiviCy(orthermal

dim18ivity)ofthemiXtureplaysaVeryimportant

role4).Hillandcoworkerreportedthtthelinear

burningrateof80lidphaseCOmbuBtionSL.i8rePrel

Sentedbythefollowingequationu8ingthethemal

conductivity1,heatorreactionq.8PeCificheatC,,

densityp.reactionzonewidthW,cDmbu8tiontem-

peratureTi,ambienttemperatureTaandthermal
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Table2PreB8ureindexofW/KCIO4/BaCrO.delaycompoSi･
tion

composition;W/KCIOJBaCrO4(part)

~6-4/-36-/;0-~丁86/14/30 40/占O/30

0.01-2.1

Additive(prt)

0 10.081

D.E. 1

D.E. 5

NaF 1

NaF 5

diLh8ivityα5)･6)I

SL=1q/twC㌔p(Ti-Ta)I

=alq/((wC,(Ti-Ta)l]

0.088

0.093

0.106

Pre88ure(MPa)

竺L-4･6i0･ol-千･6

0.081

(2)

Acwrdingtottds,afuel-richcompositionhsahigh

burningratebecauseOfit8largethermalconduc-
tivity.

InpmpeuAntCOmbu8tion,thelinearburniTlgrate

underprc88uri2KBdconditionsSI.i8representedby

thefouowingⅥeille'8equation;

SL=bPn (3)

wherePiBthepre88ure,niBthepreBBureindexand

biSaCOrL8taJlt.A止nearpelatiDneXi8tedbetweenSL

andPinalog･loggraphforfuel･richandpota88ium

perchlorate-richcompo8ition8,buta8tOichiometric

compo8itionhdabreakpoint.Thenindexvalues

obtainedfromthedeclineinFig.IarelistedinTable
2.A8mallAindexwasObtainedforafuel･richcom-

positionbelowabout5MPaandfora8tOichiomet-

riceompoBitionbelow2MPa.

Fig.2Bhow8theresultsofX･raypowderdi払ac-

tionforthecombustionre8idueofa8tOichiometric

composition.Theconbu8tionresiduecontained

unreactedtunptezLbariumtungBtate(BaWO一),PO-
tABBiumchlorideandpota88iumtung8tenoxide

chlorideW OJCl).ThediLhctionpeakinten8ity

oftungstenbecame8mallwithincrea8ingexternal

pre88ure.ThiSindicatedagreaterextentoftung1

8tenOddationunderhighpre88ure.

3.2 EffectofpressweonthecombustionclftheW/
KC104/BaCrO.delayconposkjonwithadditives

Fig.38howBtheeqectoftheadditionofdiatoma_
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20(dcg･) CuKQFig.2Ⅹ･raypowderdi飽
actionofthecombu8tionreSidueofW/KCIO4/BaCrO4

delaycompo･8ition.Ful18CAleofinten

8ityforp托8Bure3.1MPa,2.1,and1.1;

2000cp8,0.1;4000qI8ceouBearthontheburningd

larBCteri8tic80ftheW/KCIOJBaCrO4delayc

ompositionundern止roBenatmosphere.Thelinea

rburmingrateoftheW/KC10JBaCrO.delay

compoBitionwithdiatomA･C印u8earthahoincrea

8edwithinczや舶ingambientpre88ure.However,the

additionofdiatomaceouBearthtoafue1-richcompo8

itiondecreasedthebum･ingrate･Ontheotherhand,the血ear



(sp
a)召
】首

】n凸

Presstm

(M叫Fqi3E飴etofadditi

onofdiatomaceouBearthO).E.)ontheburningchar
acteriJBtic80rtheW/XCIO4畑aCrO4dehy
oompo8itionunderpre8-8uriZN!dziitroge

n0.OI 0.1

1PrcsstJte(W8)FIB4ELrectofAdditio

nofSodiumnuorideontlleburmingcharacteri8

tic80ftheW/KCIO-/BaCrO4delaycompositio

nunderpre88血ZCdmitrogenofaBtOict血net

riccompoJ?itionincre88edwiththeincrea8ingadditio

nofdiatomaceou8earth.Morelover,thedehyc

onpoBitionofW/KC104/BaCrO-/diatomaoeoueearth=64/36/30/5Showeda

linearrehtiononVieillel8plots0Verallpre88tLre
Sdiqer･entlyfromthatwithouttheaddit

ive.Fig.4BhowBtheeffectoftheadditionof80d iumnuorid8.On 1(67aJdEesm)LJO笥tntHOleOH



Table3Combustiontemperatureandtemperature
ri8etimeofthedelaycompo8itionofW/
KCIOJBaCrO4≡86/14/300)ypart)

Compo8ition(part)
W/KC10JBaCrO4/D_E.

86/14/30/0

Pre88ureiTM
(MPa) (℃)

0.1

1.1

2.1

2.6

3.1

4.6

1〟3/4-/68

5a/41/86

1

l

1

6

1

6

0

1

2

2

3

AT

-1
1

-1
6

1

6

0

1

2

2

3

4

3

6

■7
1

5

5

7

6

7

9

9

3

0

2

7

0

0

1

1

1

0

1

1

1

1

1

1

(SeC)tE(Bte:

5

0

5

0

0

3

AT
5

5

4

1

1

1

1

1

0

0

4

5

1

1
1051 1.65

1054】1.35

10841 1.35

818 1.55

910j1.40

931 I.35

9771I.55

3.3 EfFectofthepressureonheatofreactionand

combLJStiontemperature

Fig.58how8theeqectofpre88ureOntheheatof

reactionoftheW/KCIO4/BaCrOJ/additive=64/36/
30/Ⅹ仲ywt.)dehycombustion.TheheatOfreac･

Lionincrea8edwithincreasingexternalpre88ure.

FromX-raypowderdi瓜actionofreactionresidue,

itwa卓00血 medthattheextentofoxidationoftungl
8tenbecamegreaterunderpre8BuriZNBdnitrogen.

ThkcAu与edahighheatofcombuBtionunderhigh

extemalpre88ure.Additive8decreasedtheheatof

reaction.

Inacombustionwave.theunreactedlayerwa卓

heatedbythermalconductance.Fig.68howedthe

time-temperaturehistoryatthepointwherethe

themocouplewalli血8ertedfortheoombuBtionofthe

mixttm ofW/KCIOJBaCrO4≡64/36/30withand

withoutanadditiveunder4.6MPa.nletimeneeded

forthetemperAttuetOrisetomaximumtempera-

ttlre(TM)wa且deBipatedaBtR(abbreviatedaStem･

pera_tureri8etime),wherethetime2HBrOWa月deter.

Tz)ble4Combustiontemperatureandtemperature
ri8etimeofthedelaycompo8itionofW/
KCIO4/BaCrO4≡64/36/30(bypart)

W,C&-QPi.惑 kilE-.1恵 芸e

0/03/63/J｢6

64/36/30/l

64/36/30/5

(TtM)!i(BeC)
tRI-丁-~ー~T

0.1 】872を1.25
1.1 1065

;:三 巨:崇
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1.15

1.15

1.05

0.95
0,1 L85411.301
I.1 924LI.20

211 .loos)･25

2'6 主;:…三号 器

を漕 ‡芸

2.1 991 1.45

2.6 968 .1.25

5

0

3

5

1

1

mineda88timeatwhichthetemperatureri8eOf

thernocouplecommenced.Table3and48howed

themaxinuntemperatureandtenperattLrerise

timemea8uredforthecompo8itionofW/KCIOJ

BaCrO4=86/14/30and64/36/30withandwith-
outdiatomaceouBearthtlnder血trogenatmosphere.

Though thefue1-richcompo8itionhadalargerval-

ue80ftRCOmparedtotheStOichiometriC00mpoSi-
tion,itcouldnotbefoundthattheadditivehada

principalefrectonoombu8tion恥 ble3).HowevezT,

ifdiatomaceot鳩earthwa8addedtothecompBition

ofW/KCIO4/lhCrO4=64/36/30,thetemperature
ri8etime(tR)ofthemixturewithadditivebecame

longercomparedwiththedatawithoutadditives

underthe8amepre的 ure.tRi8dependentonther-

maldiJhivityandcombtwtiontemperature_nere･

fore,thisre8ultmeansthatalar酢tRCOrre8pOnd8

toahrBethemaldihBivity,eventhoughtheznaxi一

mum temperatureofthemixturewithadditivewaB

lowercomparedwiththatwithotItadditive.From

theeere8ult8,WeCanconcludethattheadditionof
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diatomaomuBearthcau8e8animprovt)meatinthe

thermaldi瓜8ivity.

4.Conc一usions

ThehnearburningrateofaW/KCIO./BaCrO4

delayCOmPO8itionincrea8edwithincreasingambi-

entpre帥tm,andafuel･richcompositionhdalarge
bumi ngrate.Additionofdiatomaceou8earthtoa

fuel-richcompo8itiorLdecreasedtheburningrate.On

theotherhnd,thehnearbumingrat80ra8tOichi0-

metriccompositionincre88edwithincTeaBiJlgdiatD

znaoeou8earth.

meheatOfreactionandthem即dmum tempera･

一ureincrea8edwithincrea8ingexternalpre88tue.

ThisWasascribedtothehigh extentoftungsten

oxidationinthecompo8ition.Fromthetizne-tem-

peraturehiBtOZy.theAdditionofdiatomaceou8earth

cau8edanimpmvementinthethemaloonductaJlCe
forABtOichiometriccompoさition.
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タングステンー過塩素酸カリウムークロム酸バリウム系延時薬の
燃焼に及ぼす圧力の影響

中村英嗣●,駿河紀秀書,秋吉美也子●.原 泰毅●

タングステン-過塩素酸カリウム-クロム酸バリウム系延時薬の燃焼に及ぼす圧力の効果を,熱分帆

燃焼残留物の分析および燃焼速度や温度などの燃焼特性値を測定することにより検討した｡得られた結鞄

は以下の通りである｡

タングステンー過塩素酸カリウムークロム酸バリウム系延時薬の燃焼速度は.圧力とともに上昇した｡

その晩 タングステンを過剰に含む系は大きい燃焼速度を示した｡添加物は,燃焼特性を変化させ･この

効果は組成により臭った｡a･圧になるほどタングステンの酸化率が上昇し･燃焼熱および燃焼温度も上昇

した｡温度上昇曲線の解析より.珪溢土の添加は熱伝導性を良くすることが判った｡

(･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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