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Thereactivityofmangane8e-leadchromate-barium

chromatedelayconP08ition

Hidet8uguNAm ',HideyukiM OTOl.MiyakoA氾YOSHI●,

andYaSutakeH瓜

Thethermalanalyses,theanalysesOfoombu8tionresidue,andthecombustionchracteri8ticS

meaBurement8Sucha8buL血 grateorcomb118tiontemperaturewerecamiedouttoclari&

thethermalandcombustionreactionmedhani8mSOfthemangane8e-leadchmmate-bArium

chroJnatedehyoompo8ition.ThefouowingreBult8WereObtained.

ThemainreactionofthemaELPneSe-leadchromate-bariumchromatedelaycompo8itionw88

theoxi血tionofmanpne8ebyleadchromate.BariunchromateactedaBaburnmgratemodi丘er,

i.C.thelargerit8COntent,thele88itsbumi ngrate.ThethermalanalyBe80fmangane8ellead
chromatebinarymixtureandmangane8e-leadchromate-bariumchromateternarymixture

Showedabroadexothermicpeakover200to750℃inatmo8phericcondition,butunderreduced

pre88ure,itShowedanintenJ3eeXOthermicreaction.meheatofcombu8tionofthedehycomposi-

tionhadamaximumvalueatthecompo8itionofmanpne8e/leadchromate=30/70byweight
withoutbariumchromate,butthecompositionsWhichcontainedalargerpercentageOfmanga･

ne8ethanthi88howedalar酢rlinearburmingrate.Thepre88ureindexofcombustioniB8man,

indicatingthata801idStatereactionplayedanimportantroleinthecombustion.

1.1ntroductjon

Therearetwotype80fdelaycomp08ition8,Onei8

ga88yCOmpO8ition8WhichproducegaBeSupon

igmitionhaving88igni丘cantdependenceofburnung

rateonexternalpreB8ureandtheotheriSgaBleBB.

Thelatteri8preferredASarequirementforlow

pre舶 uredopendentcombustionchzLraCteriBtics.The

manPneきe(Mn)-leadchromate(PbCrO4)-

bariumchromate(B8CrO4)d白aycompositioni8One

ofthetwicalgaBle88COmpOSitionSandhebeenused

inv8riou8Pyrotechnicdevice8becauseOfitSprecise

dehytimeu･21.Manganeseisanattmctivefuelfor

pyrotechnicengineers,becauseitreactsinSeveral

diqerentwayBdependingonit8proportioninthe

mixttue;th上i8,thereexistth℃etype80foxidation

8tate8uCha8MnO,,Mn203andMnO3),However,
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thisCOmpO8itionhaJBdi8advantageoftdghBen8itiv･
icytomoistureWhichmayCiLu8eagingduring

8tOr喝eifitproce88edunderhumidconditions,due

tothehigh reactivityofmangane8epOWderwith
water.

ThecombuBtionofgaBle88delayCOmpO8itionB

u8uallyproceedthrough8didBtatereaCtion8.Solid

8tatereaCtion8Are8igdficantryaErectedbythe

8urfacepropertie80ftheingredients8uCh舶8ur-

払cearea.thedegreeor8tU血伐OXi血tion,AndJ300n.

Inthis8tudy,thethemalanaly8C8,theanaly8e80f

thecombustionreBidtle,andthebumi ngrateand

combu8tiontemperaturemea8urementBWere

Carriedouttoclari&thethermalandcombustion

reactionmechni8m80fthemanganese-lead

chromate-bariumchromAtedelaycompo8ition.

2.Experimental
2.1 Materiars

MaJlgane8epowderobtainedfromaCOmmerCial

Supplier,RAREMETALLICCO.,IJTD.,hadan
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averageparticlediameterof13.3JLmandpurityof

99.9%.Leadchromatewa白reagentgradewithan

avera酢diameterof3.0FLmandhadpurityof96%.

Bariumchromatewasreagentgradewithan

averagediameterof4.8JJmandhadpLuityof95%.

Thedelaypowder8Werepreparedu8ingan

ordinaryba山Imillmixerafterproperlyweighingthe

ingredient8.

2.2 Analyses

memalanalyBiBW88performedu8ingaRIGAXU

DTA･TG8imultaneou88naly7ZerinwhidltheSample

weightwas5mgandtheheatingratewa合20

K/min.inatmosphericcondition,underargongas

Stream,Orunderreducedpre88ure.

Qualitativeanaly8i80fthereactionre8iduewere

performeduBinga)mmOnX･rnypowderdiLBaction.

2.3 Combustjonexperiments

Thedelaycompo8ition8Wereburntinanalumi-

numcyundricaltube,andthetimefora10mm

burningwasrecordedu8ingaDigitalSt.rage8COpe
かomthelw88aki恥u8inkiCo.,ulD.withoptical

丘tnr8ignal8.memixture8dividedintoequdnine

partwa8loadedninetime8inonealuminumtube.

PreliminaryexperimentsShowedthatthelinear

bumi ngratedecrea8edwithincrea8einloading

denBity.butthatthema88burningratewas

con8tantwithinaloadingof50-65%ofthe

theoreticalmaximumdensity.Withregardtothe

diameterofthedelaytube,thelinearbumingrate

wasCOnBtantatinsidediameterof4-7mm.From

theaboveresults,the00mbu8tionexperiment8Were

carriedoutu8ingadelaytubewithdiameterof

6mmandaloadingof65%ofthetheoreticalmaxi･

mumdensity.

A"Shimadzuautocalculatingbombcalorimeter"

wa白usedtome88uretheheatofcombustionofthe

delayCOmpO8itionfora1ど8ampleinanargongas

atmo8phere,andthecombuさtionproductsWere

analyzedbythemethodde8Cribedabove.

Thecombu8tiontemperaturewasmea8ured

u8ingaW/W-RethermocouplecormectedtoaDigi･

tatScopeDL708bmtheHoku8hinDenkiCo.,Ltd.

Thethermocouplewasin8ertedintothecenterof

thedelaypowderperpendiculartothedirectionin

whichcombustionwaveproceeded.
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Tcmpcraturc(℃)Fi81ThemalandyBe80fMn.PbCrO一,andBaCr

O4m air3.Resulb

anddiscussion3.1 1Thethermalreactionofmangan

ese.leadchro-mate.bariumchromateand

theirmixturesFig.18how8thethermalanal

ySi8re8ult80fmangane8e,leadchmmate,and

bariumchromateinatmo8phericcondition.meDT

AandTGcurves0fmamganeBeinair8howedagradtJ

al and8teP･WiSeoxid8tionwhichJihrtedat250℃

.TheoxidationSeemedtocontinueupto950℃,an

dthe血alweightincrea8eWasabout37%.X-ra

ypowder岨 actionpattern80fthereactionresidue

at950℃showedtheemitenceofmangane8eoxide

(Ⅱ)(MnO)andmanganese(Ⅱ)manganese(Ⅳ)

oxide(Mn30｡).TheDTAandTGcurves0flead

chromateshowedtwoendotherm80fmeltingandd

ecompositionatabout800℃andabout900℃.

Barium chromatedidnotundergophy8icaland

chemicalchang朗below1000℃,but8howedame

ltingat1450℃followedby

decompo8ition.Fig.28how8thereBult80fthethe

rmalanalySe80fvariou8mixture80fmanganeBewi

thleadchromateinair.Themixture80fman

ganeBewithleadchromateunderwentanexothermi

creactionoverthewidetemperaturerangebetween250and
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800900Temperat

ure(℃)FiB2DTAcurves0fvariou8mixture80
fMnwithPbCrO4

inair℃inair.A8thedecompositionofleAdc

hromate∝curredabove800℃,itcanbeconclud

edthatoxygeninairalsoreacted.Thereaction

re魯iduecontainedman伊ne8eoxide(Ⅱ),manpneB
e(Ⅱ)man四ne8e(Ⅳ)oxide,leadoxide(u),ma

np ne8e,lead,andchrtlmium(Fig.3).Fig.4与how8

theDTAcurve畠Ofvariousmixture80fmanganeBewi

thleadchromateunder柁ducedPre朋u托.Thenixtt

Lre80fmangane8ewithleadchromateunder

reducedpreBBurebelow0.ITorrunderwentan

intenseexothemicreactionattemperatureBOf4

75-王は0℃,whichi8diqerentfromtltere8ultina

ir｣Thereactiontemperaturewa8520℃forthec

ompo8i･tionofmanganeBe/leadchromate=20/80,

Andthelargerthecontentofmanpne8e,thelo

werthereactiontemperature.Thediqerenceinrea

CtivityinairandunderreducedpreB8ureareCOn

Bidered血合follow良.ManganeseW舶 eaBilyoxidi

Ziedbyoxygeninair.Tntheca白eOftheexperiment

与inair,mangane8einthemixturew舶gradually

oxidi㌍dbeforeitsreaCtionwithleadchzt)mateanda

noxidelayerwa8fomedonit与8urh ce.This0Xidi次

dlayeracteda合are8i8tanCetOthereaction.Incont
ra島ttOair,manganeseinanatmoBPherefreefro
moxypnwa8台亡areelyoxidiZX!dbeforethereaction

andcancauseaViolentre

action.Kay卓kuQakka;shi.Vol.62.No.1.2001 20/80 l O
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Temperature(℃)Fig.5DTAcurve80fva
riou8mixtures0fMn,PbCrO4

,andBaCrO-inairFig.58how8theDTAcurve

80fvariou8mixture80fmangaJleBe,leadchJY)mate,

andbariumchromateinair.There8ult8WereVerySi

milartothatofthebinazymixture,anditwa卓
Concludedthtbariumchromatedidnotplay8uCh

importantrole.Theternaryznixture80fmzLngane8e

,leadchromate,andbAriumchromatealsounderwe

ntavi01entreactionatreducedpre88urebelow0.

11もrr(Fig.6).Thiswasinterpreted88the母amere

actioninthecaseOfthebinarymixture.Withr

egardtotheroleofbAriumchromate,ithadare8trainingelrec

tonthereaction.3.2CorTlbustionreactiono

frTlanganeSe-leadchrorTlateCOmPOSition

andmanganese-一eadchromate-baパu

mchromatecompos貼onFig.78how8there8ultBOft

helinearbum ngratemea8urement80fvariou8m

ixture80fmanganesewith1eadchromateunderatm

o8phericcondition8.Thebinarymixture8Were

COmbu8tiblewithinamAnPne8eCOntentfrom20t

o60wt.%.Thelinearburrungrateincrea8edwith

increa8i喝mangaJleBecontentupto40wt%andSho

wedaconstantValueabove40wt%.ThiさiBasc

ribedtotllehigherthermalconductivitywithincrea8ingmetalcontent8.

Temperature(℃)R86DTAcurv粥Ofvariou8ni

xture80fMn.PbCrO4,andBaCrO4underreducedpre8S

urel-( .uaSPu)97dし
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304050~
ContentofMn(wt%)

Fig.
7Limearburning rateofvariou8mixtures0f

MnwithPbCrO4

Fig.
88how8there8ultsofthe止nearburningrate

meaBurement80fvariousmixtuz･e80fmangane8e

withleAdchromateunderpreBBurizeddtrogen.
The

hnearburningrateShowedaalightincrea8ewith

increaBingambientpre舶ureforevery00mpOSition.
Forpropellantcombustion,
thehnearburningrate

underp re88uri
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Fi89Heatofcombu8tionandcombu8tiontempera･
ttueofvariou8mixture80fMnwithPbCrO4

thefollowingⅥeillerBequation:

V=bPn (3)

wherePiSthepre88ure,Di8thepre88ureindex
andbi8aCOn8tant.ThepreBBureindexnwa8Very

8mal1foreverycompositionandhadavaluefrom

0.02to0.06.Thi卓8mallpre88ureindexmightbe

ascribedtothefactthatthemaincombu8tion

reactioni8aBOhd-Statereaction.

Fig.98how8there8ult80fthemeal?urement80f

theheatofcombu8tionAJldcombustiontemperature

ofvariOuemixtures0ftnangAne8ewithlead

chromateunderatmosphericpre88ure.Boththe

heatofcombu8tionand∝〉mbuBtiontemperaturehad

' contentofBaCrO4(Wt%)Fig.10Linearbuming
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01TZaH 'ContentofBaCrO4(Wt%)Fig.12Heat
OfcombuBtionandoombuBtiontempera･tureofvA

riOuSnixture80fMn,PbCrO小andBaCrO4under

atmo与PhericpreJB8uretheheatofcombtJBtionandoombu8tion

temperaturevariedwiththecompositionofmaJlgZLne8eandl

eadchronate.m tiB,thecompositionofmaJI

PJle8e/leadchzDmate=30/70(bywt.)(practical
8tOichio･metricoompoさitionbw uBethi且COmPOSit
ionhdthemaxinu血heatofcombustion)Bhowed

adecreaseintheheatofconbuStionandcombu8ti
ontempem･turewithincrea8ingbariumchzDmAteOOn
tent.Ontheotherband,thedehycompo8itionofmangane8e/ leJldchromate=40/60(bywt.)h

adanincreasedheatofcombuBtionaJldcombu8ti

ontemperatureuptoa20wt%maqP 爪印eamOtnt

.Thb SugBt!8t8th上bariumchmmateactsa8anO

XidiヱerforafuelridュCondition.4.Conclusion

Becau8eman印neBeWasea8ilyoxidi2X,Ainairandbariumch

romatehadahigh decompo8itiontemperatwe,themai

nreactionofmangane8e-leadchromate-barium

chrom8tedelaycompositionwastheoxidationo

fmangane8ebyleadchromate.Bariumchromateac

teda8abumingratemodiBer,andtheBma皿ert

hecontent,thelargertheburmingrate.Howeve

r.itacteda88nOXidi乞erunderfuelrichcondition

s.Thethermalanaly8i80famangane8e-leadch

romatebinarymixtureandamanganese-leadchromate-bariumchrom

ateternarymixtureShow

edabroadexothermicpeakran由ngfrom200to75

0℃inaiJT,butunderreduoedpre88ure,t

heyunderwentanintenseeXOthermicreaet

iom.Theheatofcombt18tionofthedelayc

ompo8itionhadamaximumvalueatthecompositi
onofmanga･ne8e/leadchronate/bariumchromate=30/70/0

(bywt.),butthemangane8erichcompo8itionBt



マンガンークロム酸鉛-クロム酸バリウム系延時薬の反応性

中村英嗣●.山本英行●.秋吉美也子●,原 泰毅●

熱分析,燃焼残留物の分析,燃焼速度や燃焼熱などの燃焼特性の測定により,マンガンークロム酸鉛-

クロム酸バリウム系延時薬の反応性を検討し.次の結果を得た｡

この延時英系の主反応は.クロム酸鉛によるマンガンの酸化であり,クロム酸バリウムは燃焼を抑制す

る｡大気中でのこの三成分延時薬の熱分析では.200-750℃で幅広い発熱反応を示すが,減圧中では激し

い反応を引き起こす｡延時薬の燃焼熱は,マンガン/クロム酸鉛-30/70で最大値を持つが,燃焼速度はこ

れよりマンガン過剰の領域で最大値をとった｡圧力指数が小さいことから,この系の燃焼には固相反応の

寄与が大きいと考えられる｡

(●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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