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BumingCharacteristicsoftheMolybdenum-Potassium
Perchlorate-Barium ChromateDelayCompositions

byLong-MingTsai+,Chii-HomgLiaw',andYeong-JgiChen'

Theignitibility,bumingrateanditsreprodudbilityLorditLerentcompositionsoE

Mo-KCIOrBaCrOldelayelement8areStudied.Iti8ObservedthatthecompoSitionSin

certainregionoftriangulardiagram arenotipitible,andforreliableperformancethe

contentofKC104inthemixturesshouldnotexceed40%.WithproperselectionofLor･

m血tion,dehyelementhavingabumingratefrom 0.027to7.5sec/cmcanbereadily

adlieved.Theexperimentdresultsalsoshowthatthebt)mingratecanbemademore

precisebyyactlumaJnealhgofpelletorbypressinganaccelerationcavityattheinput

endofpellet.DataErom heatofreaction.autoipitiontemperatureandX-raypowder

diffractionhavebeencollectedanddiscusミ把d.

1.Jntroduction

Sincedehycompositionphyallimportantrole

ittthedevelopmentofexplosivetrains.itsquality

andrdiabilityhvestrongeffectontheperEor･

正岨nCeOfthewholesystem.Although alarge

ntJnberofdelaycompsitionsharebeeneyaluated

torcertain p岬 (I)(2),ingeneral,themolyb･

denum dehyswereEouztdto byeawider拍mge

ofbtmingTale(3)(1)(5).Howeyer,theipitibiuty

azIdrebbilityofn)olybdentm dehyshavenotyet

k nthormghlyinves触 ted.hthis8ttldy,theig-

nitil)iXty,bumi ngrate aJldreproducll)iHtyoEdie

Mo-KCIO4-hCrO-delay compositionsam in･

Y軸 ed.h additiontoLorn血tionstt)dy,two

processing techniquesm ayyactlum anneahg

zLndaccderationcayityareappliedtoimprovethe

prew onoEb血 grates. Finally,therTnalaJ)d

dlemicaldataarecouectedtoreyealwi th the

yariationofperformaJICe叩 1ity.

2,Experimentats

2.1 Raw Materi8tS

(I)MolybdemLEh,99.9% purepowder,Z.Bruton

AGreagent.withayerageparticlediameter1.6vm.

(2)hritLm Chromate,99% purepowder.Riedel

R∝eiyedonSeptember16,1986
'FourthResearchDepartment,
ChungShallhsdtuteoESdenceandTedhnology,
P.0.Boxll,Lung-TaJl,Taiwan,
(32500)R.0.C.

DeHaemreagent,<63vmafterghdingaJldsiev･

ing.(3)PotassitJm Perchlorate,99% purepowder,

FlukaAGreagent.<44pTnaftersieving.

2.2 PreparationofDelByElement

ThemaJtuLacturingprocessofthedelayele･

Rentsis∝hematicallydescribedinFig.1.me

delay powderispr塔 Sd in incTtmentS tnder

Ilo,000psiintoalou tomgcoppertube,4m L

D.and8CEED0.D..A3.0亡由primercapisusedas

ipiter.neprimerlimeisles thaJl1.5msec(6).

A 0.05gm weightofZr/Fe203(72/28)ipidon

mixtureispressedontopofthedelaypellet.The

hurtlingdmeoEthisipitionmixttLreisabout

3.5msec.

2.3 Burnin9R令teMeastJrement

AschematicdrawiJ)gOEexperimentalapparattu

is8hwnimFig.2.ThehLmingrateismeasured

dth an Hp-5315A unjversdcounter.Timing

startswhenthehammerhitthefiringpin,aJld

stopswhenthephot∝eIIisacttntedbythehsh

ofthedehypellet.FifteennmsarefiredEoreadl

testedcomposidon.

2.4 V8CUUmAnnealingandAccBlerationC8Vity

Twoproc鰯ingtechniquesareappuedin anat･

tempttoimprovetheperLormaJICeOfthedehy

mixtures,TIamely.byyactItJm annealingofpeuet

orbypressingaAaCCeleradoncavityattheinput

endofthepellet.A schematicdrawingoEace-
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Fig.1 ManufacturingprocessoEdelay

etement.Fig.2 Ap耶 tuSfordehytimemeaBqre･

meJlt.l',haLmmer.2滴ringpin,
3;p也 er,4;dehyelement,5;darkch

aznber,6;phot

otransislor,7;interhce,8'.counter.eleradon cavityconBguradonissbwTIinFig.3

.FortheczLSeOEyacutm am eahg.thedehym

ix-ttm areheatedunderyacuum at130℃ for

64hotJrS.2.5 ThormalandChemicalAnalysis

PむTbombcalorimeteraJldautoignitiontemper･aturetesterhvebeenemployedLorthetneasur

e･ment of heat oE reaction azld atltOignitiontempera



tCIO●

Fig.4 BoundaryoEipitiblecompositionsof
Mo

lBaCrO.-KCIOlmixttwes.
0;mayormaynotignite,●;notig･
nitible,0;ipitible.

bCrO4

′ ■lT
.～JlJ I) ●ノ_●t

虻lO●

Fig.5 3mi ngtime(see/cm)ofMo-BaC10一

-KCIO4mixtures.

gasevolutiontestisprepared a与th0SeforParr

bombcal○血 eter.Igmitionproceedsina50cc

也id⊂Ⅵ山 bomb hmishedwithttmgsten wire

h胡瓜ngdevice.Bdorethet倣t,thebombiscon･

nettedtoa3滋ter伽skwhidhistndernarly

yacuum condition.Aherignidon,thegaspr色好ure

insidethebaskisme弘urでd,thetotalp s voltLme

isthenconvertedto0℃,1atm.

PhilipsPW1050/71X-raypowderdifEractotnetry

isusedfortheanalysisofthereSidtleafter1)tm-

iJlgOfthed也yelements.Thega紀 OuSCOmbtlS

donproducthm thebombusedingasevolu･

Fig.6 CbefEicientsofyariationoEbuming



T8blo1 EffectoEvacuumannealingon(heperformancequalityoLMo-KC101-BACrOlmi7Ett)res

ForrrLulationsM〟KClO一wt.ratio 20/8030′70 30′70 40′60 50′50 50/50 60′40+6wt.% +9wt.% +10wt

.% +20wL%Resutts BaCrO- BaCrO4

BaCrO● B&CrOlBurningtlmCuntreated 4.9 2.3 2.5 3.3 1

.26 0.2 0.47 1.06 0.14(see/cm)皮Coefficientofvariation(%)in (13.1)(ll.6) (15.3) (21.4)
(18.I)(9.8) (17.0ー (15.3) (8.6)Vaccum* 2.17

1.07 1.21 1.68 0.86 0.29 0.72 1.27 0.130parenthesis Annealing(5.3)(9.2ー (ll.7) r16.0) (12.5)(8.4) (ll.
8)(15
.
3)(8
.
8)

+EvaCtl 8tedunder130℃

for64hours.ltI〇一qBlJTtLJqJO]JOT一〇TJ■>)○)
tLOT
OT
J
J

000
hCrOICcntoJIttvt･一)

Fig.
7EEEectofaccelerationcavi tycoA

rlgtm-
tionontheperformancequalityof
Mo-KC10√叫mixttwes.
Mo/KCIOI=50/50.-
reguhrtype,
････.･w
ithacceleradoJIC avity.

a
fteryacuurrLannealing,theburnhgtimeofthe
mixttwesarechangedaJldthecoetEicientsofvaria･
dona托reduced.
ThecomposidonslistedinTable
1are血○紀SelectedhmtheregionⅡofFig.5
&6
.
Whereasthedehy00mpositio nsinsideregion
皿whidIalreadyhavesatishctoryquality,the
yamumanrlealiTIgtreatmentdoesnotgivesign姐･

cantchangeorimprovementintheconsistencyof

theirbumingrates.
3
･
3EffectofAcceleratjonCavityConfjgurか

tion
Fig.
7aJldFig.

8showtheeffectoEaccelera･
doncavityconBBtmtion(7)ondiePerEomance
quality.
ItisrccongniZablethattheburmigtine

oEdehypelletcallbemadenotepredsebythis
de与ip.
SomeU.
S
.
militaryexplosiyedevices
hareadq)tedthisde si印.

Accordingtotheirreport,
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Fig,9 HeatofreactionaJldautoignition
temperahreofMo-KCIO4binarymix･
ttlreS.

But.fmmther溺ultsthatcertainamotmtofMoO2

andK2MolO13harebeenfoundinthecombustion

residue.and thatC)2 gaShasbeen fourLd in

gaseouscombustionproductsasshown inFig.10,

itindkateSthatonlyconsideringequation (1日s

notenough tounderstandthedetailcombustion

mechniBm,SOmeOtherchemicalreactionsmust

betakenintoaccotmt.h otherrespect,the

weightbuming yelodty increasesmonotonically

withthemo一ybdenum content(Fig.ll).These

resultssuggestthatthebumitlg ratesa moll

ybdenumdelaycompositionscannotbecorrelated

withtheircalorieoutput,butappeartobeaftmc･

一ionoLthethcrmaIconductivityoEthemixtures

(9X)0.

3.5 GasEvo一ution

Fig.10IdentiLicationoEC12inthe
bumiJlgProductsoEMo/KC10●(30/70)mixttmbyGC/MS

andysis.

Fig.
4
.
Tbtis,
forthcGetnOlybdenumconteJlt

hitherthan95
%
aJldloweT･
thaJ)18%,
thedehy

coltmnsarenotabletobtmthrough.
Wehare

nodc edthatfort
heexcessfuelcomposidons

w
ho紀mOly
bd
entu)contentyarie
dbm80vTt%to

95vt%aJtCOnbtutible.
Theexphtionistht

theurgepmtageofmolybdenumactsaLSa

goodheatconducbr,t
hetJJlbtJTntcolumnpriorto
thenamefmntispreheatdaLndthereforeitsig･

njti l)ibtyisenhanced.h thiSSystem.the

heatoEreacdon reaches amaximumatappro血tely
48wtp ercentmoly

bdenumcontent.
ThereLorethis

TedtqualitativelymayagreewiththeLollovnJlg

stoid血metricreladonqestedbyo
therin･
vestigators(4)

4Mo+3KC101-4MoO 3+3KCl(I ) '●一一〇q)'一'●ta害

ヽ



Table2 RelativcdiLfractionintensityofthecombustionresidueoEMo/KC10l

mixturesfromX-raypowderdiEfracliondata.

Combustion Mo20=40.4 KCl Moos Moos Moo℡ K℡Mo一0)328=25.3ResldueMo′KCtO●(bywt.) (Cubic)20=28.2 (or一hor- (hexag

o- (mono-hombic)
hal) clinic)28=39.2

28=19.2 20=36.770′30 1 0.754 0.

033 0.043 0.156 0.0850/50 0.33 0

.58 0.036 0.06 0.lot 0.09448′52 0

.32 0.57 0.029 0.192 0.062 0.04340′60 0.38 0.86 0.058 0.275 0.029

0.12320/80 0.70 2.590
.
1010

.
1380
.
0360
.
326

KC

lO4b
Fig.
12Gasevolution (血1/gm)ofMo-BaCrq-

KCIO4m
ixtwes.

KCIOIcontentinthisregion.
Fdermore,
presence

offr eechlorineinbumingproductsal sogivesin･
dicationthatviolentoxidationreactioncanbeoc-

mrred.
Althoughnoattemptwasmadeinthi
s

sttldytoindudethedetailquantitatiyeanalysisof

g払eOuSProducts.ourexpe
dmentdresultssuggest

thatthechemicalreactionsmitedwiththe

combustiotlprmarequitecomp
li
cated.
3
,
6AnetysisofCombustionResidue

Fig.1
3showsatypicalⅩ-raypwderdi
fhc･

donspectruJnOfthereactionpTductsofMo-KQOt
binarymixttms.
ne00mpnezLtSOLcomhstion
residueareiden戯edasKCl,
Md3,
MoO2,
K2･

Mo.013,
Mo.eec.
T able2liststheirrehdvediE･

hctionintensityofseyeralbinarymixturcs.
The

resultshdicatethatthemolybdenllmCaJlTIOt

reactcompletdyevenwithyeryhigh○Ⅹidizercon･

teJlt(RCIO一).R
i地山t的PizItedoutthatthe
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selectionoEformuhtion,whilethecontentoL

f(C10.areconfinednottoexceed40%.

(2) Theburningrates0EdelayelementsCan

bemademoreprecisebyvacuum annealing

oEpelletorbypressinganaccelerationcavity

attheinputendoEpellet.

(3) Thecomt)tutionresidueofMo-KCIO-

binarymixture8consistoEMoO2,Moos,K2l

Mo.013andKCl,theirrehdyecontentvades

with theradooLMo/KCIO.beforefiring.

FurdIerstudy is needed for the better

tmderStaJldingofreactionmechanism.
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Mo-KCl0rBaCrO4延時轟の燃焼特性

Long-MingTsai',Chii-HomgLiaw●,andYeong-JgiChen●

唖々の組低のMo-KCIOrhC101系廷時薬の発火性 (ignidbuity).捻焼速度およびその再

現性について検肘を行った｡

発火性を三角図上に示すと.血庇に上り.不点火の額域がみられ 混合物が確実に尭火する

場合のKCIOlの含有皿は40wt%以下である抵柴が得られた｡

再現性の良い伝虎速度の抵ml土27ms/cn～7.5sec/cnであり.実験培果により稔焼速成の

変劫は其空アニー.)./〆またはペレットの初主副こaccelerationcayityの加圧並形を施すことに

より改啓されることがわかった｡

なお.反応熱.自然着火点および伝境生成物の粉末X線回折などのデータについても考察し

た｡
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