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Developmentofheatre8iStantindu8trialexplo8ive8

Keq'iTanaka,ShinyaTanaka,andTbtBtlyaSawada

Whenexplo8ive8areheatedunderacidicenvironmentduetometal8ulfideand8ulfuricacidity,

theirdecompo8iliontemperaturefallsremarknblyanddecompositionreactionoccursquickly,

andthenexp108ive8havetheriBkofthedenagTationtothedetonationtransition.Heatre8i8tant

indu8tri81explo8ive8WhichcanbeuさedunderconditionofhightemperatureOf200℃and

acidicenvironmentwere8tudied.Wedevelopedtheexplo8ivecompo8itioncon8i8tedorammonium
perchloratea80XidiZierBaturatedhydrocarbonoila8fuelandbinder,andcalciutncarbonate88

de00mpo8itioninhibitor.ThechAraCteriStic80fthiseXploさivecompositionShowtheheatreSi8tanCe

over24hoursat200℃,andthedetonationvelocityover2,500m8lt.Thi卓eXplo8ivecomposition

ha合aCap･8en8itivityattemperaturehigherthan80℃.

1.Introduction

lnSomeundergroundmetalmine,theground

temperatureri8eSremarkablywithlowingβite

level.andthemimingoperationi800nductedunder

thetemperaturehigherthanloo℃.ItiSnot

alway88umcienttocooldriLtwallbymeans0fthe

atomi之ationofthecoldwaterortheventilationby

thelocalfan8.1ntheminewhichcontainsthe

metal8ul丘deSuchaBPyrite8inore,theexplo8ive8

havetheri8kofSuddendecompoさitionbythe

contactwithpyrite8underhightemperature

environment.Iti8COn8ideredthatthe

decompositionoftheoxidizera8theprincipal

ingredientofexplosiveiBpromotedbythecontact

withpyrites.

TheheatStabilityandreaCtivityofindustrial

explo8ive8withpyrite8WereStudiedby80me

researcher8 1畑 .Theyde8Cribedthatpota88ium

oxalate,urea,2iincoxide.m8gne8iumoxide,calcium

carbonate,etcwerefoundtobeeqectivetoprevent

thereactionbetweentheeXplo8ive8andthepyrites.

TheemulsionexplosivewithheatreBi8tanCeuptO
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160EChdbeenalreadydevelopedinourlabomtory,
Andhadbeenu8edinbonemetalmine71.Recently,

thegroundtemperatureOf200℃i8COnfirmedby

thepro8peCtingin80memetalmine.Inblabbing

operation,the88fetyoftheexplo8ive8iBthehighest

priority.We8tartedthe8tudyoftheheatreSi8tant

industrialexplo8ive8Whichcouldbeu8edunder

theconditionofthehightemperatureOf200℃and

theacidicenvironment.

FortheheatreSi8tantindustrialexplo8ive8,it

i8neCe88arytOhavethehighStabilityathigh

temperature.Preliminaryexaminationwa卓

conductedabouttheStabilityoftheexplosive

compoundsSuchaさRDX,HMXandHNSwhose

decompositiontemperature8Were200℃Orhigher.

Itwa8foundthatwhenthe8eexplosivecompounds

wereheatedunderacidicenvironmentduebmetiL1

8ulfideandSulfuricacidity,theirdecomposition

temperaturefellremarkablyanddecomposition

reactionoccurredquickly.andexplosivecompoumd8
hadtheriSkofthedenagrationtothedetonation

transition.ItwasCOnCludedthatthe8eexplosive

compoundsCOuldnotbeusedA88mingredientof

200℃ heatre8iBtantindu如rialexplo8ive8.Thi月

investigationwa且Camiedouttoimprovetheheat

re8iStanCeperformanceoftheemul8ionexplo8ive

withheatreSi8tanCeuptO160℃andtodetermine

theexplosivecompositionwhichcontains
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ammotliumperchlorateasprlnClpalingredient.

2.1nvestigationoftheemulsionexplosivecomposition

2.1Sarnpleexplosives

Theemul8ionexplosivewithheatresistanceup

to160℃ismixedthepowderofcalciumcarbonate

withemulsionphase,thatisemulsifiedfromthe

oxidizingsolutioninwhichammoniumnitrateaS

aprincipalingredientandthioureaaredi8SOIved.

Thioureainhibitsthedecompositionreactionof

explosivebytrapplngtheactivespeciessuchas

N20andNO 2generatedbydecomposingthe

oxidizer.Previouspaper8'deSCribedthe

decompositiorLinhibitorymech8ni8mOfcalcium

carbonatethatthecalciumion,whichmediatesa

hydroxideion,mustbeadsorbedinthesurfaceof

pyrites.Asaresult,iti8tholtghtthatthereaction

oftheoxidi2:erandpyritesi8inhibited.The

emulsionexplosivewithheatre8i8tanCeuPtO160

℃wasmadeasasampleexplosiveI,andthe

compositionwithhigheradditionrateofthe

decompositioninhibitor,calciumcarbonate,was

made88aSampleexplosiveT7.Thecompositions

0fSampleexplosivesareshowninTableI.

Table1Compo8ition80f88mpleexplo8ives.

Sample
explosives

Compositions

Base Oxidizer80wt%,WaterHwt%,W8Ⅹ&Surface
aCtiveAgent5wt%,GMB4wt

%] BaSeCOmpOSitioncontaininglwt% ofthioureaand7wt%ofcalciumc8rbo

nateロ Basecompositioncontaininglwt% OfthioureaandlOwt%ofcalciumc

arbonate2.2日ea

tingtestTheheatingtestwascarriedouttoev

aluatetheheatstabilityorthesampleexplosives.M

inewatercontainingpyritesgenerallyBhow8t

heStrongacidityattributedtothedi8801utionofth

eelementofpyrites.ThattheminewateriBCOn

Centratedunderthehigh temperature,andStronga

Cidityi畠formed.ItspHvalueisintherangeof2

to3.Wh entheexplosiveisusedundersuchcondit

ions,theexplosivecancontactwithpyriteSandmi

newater.ltisveryImportanttOevaluatetheheat

stabilityoftheexplosiveunderSuchconditions,because pyritesandminewaterhavethefu

nctiontopromotethedecompositionorI.heexplo

sive.Theexplosive,pyritesandminewaterwerec

ompletelymixedtoiJnitatetheseverestBitllAtion

,andthemixturewasusedasthe8Ampleforth

eheatingtest.FigureIshowstheApparatusu8

edfortheheatingteSLThetestsamplewaspr

eparedbycompletemixing30goftheSampleexplo

sive,30gofcrushedpyritesand5gofminewater,

andthatmixturewasfilledintesttubernAdeofgl

aB8(30mmintheinsidediameter).Thiste8ttubew

asSetinsteeltube(32mmintheinsidediame

ter),andheatedt0200℃withrubberheatertha

twrappedoutsideofsteeltube.Thetemperatureof

thetestSamplewasmeaSuredwiththethermoco

uple,andthestartofthedecompositionoftestS

amplewasmeasured.TheStartOfthedecompos

itionwasdefineda8decompositiondelaytime.The

analysisofpyriLeSandminewaterusedforthehea

tingtestareShownin

Table2.Fig

.1Apparatusforheatingtest.Table2(a)Ingredient80fpyrit

es.Elements(%)Table 2(b)Ingredient80

fminew ater.Elements (m2.3Resultsanddiscuss

ionFigure2Showstherelationbetweenthedecompositiondelaytimeandtemperaturein

theheatingtestOfsampleexplo8iveB7anda.Itis



oxidizeroftheindustrialexplosivehasthemelting

pointatabout168℃,anditsreactivityincreases

remarkablyatthetemperaturehigherthanthis

meltingpoint.ItiSeOnSideredthattheemulsion

explosiveismuchmoreresistantagainstheat

decompositionthanpureammoniumnitmte,
becausetheoxidi2:ersolutioniBCOVeredwit,hoil

phaseintheemulsionexplosive.However.Sample

explosiveIwasdecomposedinonlythreehour8

intheheatingat200℃.Andevensampleexplosive
n,whichhasacompositionwiththefurther
additionOfthedecompositioninhibitor.was

decomposedinnvehoursinthesamecoIldition.

Thisresultdidnot8atisfy thetargetheat-

reSiStanCethatthedecompositionwasnotobserved

within24hours.
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)Fig.2Therelationbetweendecomposit

iondelaytimeandtemperatur

einheatingtestofsampleexplosives.lt

wasestimatedthattheimprovementofheatre8i

StanCePerformancewasnotexpectedevenifthefurt

heradditionofdecompositioninhibitorwascon

ducted.Also,theStabilityoftheemulsionstru

cturemightbedegradedbyfurtheradditionordeco

mpositioninhibitor.ltwasconcludedtobedifficulttoobtainheatres

istanceof200℃usingemulsionexplosive.3.Investigationoftheexplosivecompositionbaseon

amrnoniumperchlorate3.1Sampl8explosivesJudg

ing凸･omtheaboveresults,itwasnecessaryfortheexplosivecomponenttohavetheheat

Stabilityof芝oo℃.Thecompositionbasedon ammo

niumperchlorate(AP),thathashigherheatstabilitythanammoniumnitrateasoxidizer,w

asexamined.However,itiskJIOWnthatthedecom

positiontemperaturefallsremarkablyundercoex

istencewithpyrites,thoughAPhastheheatstabili

tyor20O℃.ThusitisnecessarytOCOntaint

hedecompositioninhibitorintheexplosivecomposition.ltwasreportedcalciumcarbonateand

bariumcarbonate,etc.areeffectiveasthedecompos

itioninhibiLorofAPqJ.Calciurncarbonatewas

SelectedaSdecompositioninhibitorbecausetheheavymetalsa

ltsuchaSbariumcarbonatehasatoxicity.T

hesampleexplo8iveSWerepreparedusingAPasoxidi

zer,thecontentofeachingredientSuchasoil,decompositioninhibitoranddensitycontrol

agentwasChanged.Theheatresistanceandi

nitiationsensitivityoftheseSampleswerecompared,andtheinfluencesofeachingredien

tontheperformancewereinvestigated.ThecompositionofSampleexploSive8areShownin

Table3.ThemixtureratioofAPandoilwasadj

ustedtobe91･lconsideringthedispersionconditionofoilandoxygenbalance.Alsothe

hydrogenAtionrefinementoilusedinthesecompositionshashighheatstabilityandtheanti-

oxidationproperty.SAmPleexplosiveswere

pr

eparedaccordingtothefollowlngpurpose.SampleA;RelationI)etween

grainSizeofAPandheatresistance.

SampleB;Relationbetweenadditionrateof

calciumcarbonat.eandheatre8iStanCe.SampleC;Relationbetweengrain

SizeofAPandinitiationsensitivity.

Table3Compositionsofsampleexp

losives.Sampleexplosives CompositionsBase Ammoniumperchlorate90wt%,OillOwt.%(baSeCOm

DOE3ition)A IhSe
compositioncontaining8wt%ofca

lciumt:arbonateB Bas
ecOmpositioncontaining8-30wt%of

calciumcarbonateC Ba8eCOmp
OSitioncontaining8wt%ofcalciumca

rbonat.eand3wt%GMBD BaSeCOm
POSitioncontaining8-40wt%ofcalci

umcarbonateand3wt%GMBE B88eCOmpOSitioncon



SampleD;Relationbetweenadditionrateof

calciumcarbonateandinitial,ion

sen8itivity.

Samplet王;Relatiollbetweenbulkdertsityor

explosiveandexplosionperformance.

3.2Thermalanalysis

Thethermalanaly8i白teBtWasperformedby

means0rDSC(dirrerentialscanni叩Calorimeter)

toStudytheinLluenceofgrainsiZX!OnheatStability

ofAP.TheDSCnpparatuSusedwasSeiko

lnstrumentSlnc.DSC:ZOO.Themeasurement.8

werecarriedoutforAPof10.35.And200pmin

diameterrespectively.ThemeaSurementSWere

performedusingSealedStainlesscellandsetting

thegradienHemperatureOrlOKminll･

3.3Heatingtest

TheheatingtestwasCOnductedwiththesame

methodfortheinvestigationoftheSampleemulsion

expl08iveS.
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3.41nitiationtest

Theinitial.iontestWasCarriedouttoevaluate

thecapsensitivityoftheoxploBive8underthehigh

temperatureenvironment.TheSampleexplosive

waschargedinsilicorLtube(32mmintheinside

diameter).andtheopeningofthetubew88Sealed

withsiliconrubberplug.ThisSet-upWasheated

to150℃inthethermo8taticchamber.Fivehours

later.itwasSetinsteeltube(J12mmintheinside

diameter),andthe8amPleexplosivewasinitiated
byaheatreSiStanCeelectricdetonatorat150℃to

investigatethedeLonabiliLy.Moreover,the

detonationvelocityoftheSAmplewasmeasured

bytheionizedgapmethod.

3.5Resultsanddiscussion

3.5.1Thernatanalysis

ThechartOfDSCorAPineachgrain8i2:eis

showninFig.3.Afterthephsetransitionfrom

diagonaltocubicatabout240℃,pyrolysi80fAP

appearsSeparatelyontwo8t叩eS.Onei8thelow

10pTl 35JJ,rl 2EDJJTt

50 10 150 2EDTeq,.,TL.,.蒜 350 JW 45D

SEDFig.3ThechartofDSCorammoniumperchlora

te.temperaturedecompositionareaAtabout25

0℃,andtheotheriSthehightemperat

uredecompositionareaatabout350℃.About

thepyro]y8iBOfAP,iti8Shownthatthedecomposit

iontemperatureatthehightemperatureareashi

ftstolowertemperatureSide88thegrainsizebeco

mesSmaller,whilethegrainSizedoesnotinnuence

onthedecompositiontemperatureatthe

lowtemperaturearea州 .Itwa島COnfirmedin

ouranalySi8thatthelowtemperaturedecomposit

ionineachgrainsizewasObservedatabout250℃, andthehightemperaturedecompositionshif

tedtothelowertemperatureSideasthegrains
izebecamesmaller

.3.5.2Htlatingt

estTheresultortheheatingte8tforSampleexplos

iveAisshowninTable4･A88howninTable4.

theBAmpleexplosivepreparedusingAPwithSm

allgrainsi乙ePresentedthelowerheatStability･It

isthoughtthatthedecompositionreaction

ispromotedbecauseAPcontactWithpyrites0mla
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area.TherelationbetweenthecontentofGal(:ium

carbonateandthedecompositiondelaytimeat200

℃i8describedinFig.4.Thisinvestigationwa卓

TabI84ResultofheatingteStforSampleexplosiveA.

AveragediameterofAP 35pm 40叫

mDecompositiondelaytime 2.3hour 5

hOurStateordecompo8ition DDT Decom

positioncarriedoutusingthe8AmPleexplosiveB

inwhichthecontentofcalciuJnCarbonatewasVa

ried.It,becomesClearthatt.heAdditionof28%O

rmoreofcalciumcarbonateiSnecessarytOOb

tainheatStabilityforover24hoursat200℃aS

ShowninFig,4.Thedecompositioninhibitorymechanism
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rLate(wt.%)Fig.4Therelationbetweenconten
tofcalciumcarbonateanddecompositiondehytime

at200℃.ofAPbythecalciumcarbonatewas

StudiedLu･TheSpeciesofC10/andC10tgenerate

intheearlyperiodofthedecompositionreacti

onofAP,andpromoteitsreactiona8theactiveSpec

ies.Calciumcarbonatedecrea8eStheACtiveSpecies

andinhibitsthedecompositionreactionbybondi

ngwiththeseactivespecies.Furthermore,Ca(CIO4)

2/CaCl2thathasthehigherheatstabilitythanAP

i8formedbybondingwithcalciumcarbonatean

dtheactivespecies,andthedecompositionratei8

decelerated･ItiSa88umedthatthedifferenceond

ecompositionreActioninTable4duetothesiEeOfth

egralnSizeofAPusedinsampleAisattributedto

theprogressoftheselfcatalyticreaction.Inother

words,SmallgrainsizeofAPcangenerateslarg

eamollntOfactivespeciesintheear)yp

eriodofthedecompositionreaction,andSelfcataly

ticreactionwhichacceleratesthedecompositionreactioniB promotedbyre

ac

tionheat.3.5.3Ini

tiationtestTheresultsoftheinitiationtes

tforSampleexplosiveCi8ShowninTable5.I

nthe88mpleexplosivesusingAPofSinglegralnSize

,theSampleexplosivewithsmallergrainsizedemo

n8tratedthehigherinitiationsensitivity.Also,i

nthe8&mpleexplosivesWhichincludingAPoftwo

grainsi2:e,thesampleexplosivewithhighratioof

smallgrainSizedemonstratedthehigherinitiation

sensitivity.Accordingly,itisclearthattheinitiation

sensitivitydepends0nthegrain

sizeorAP.Table5Resultoftheinitiationtestforsample

explo8iv

eC. De

nsity(gcm.1)Ra
tioofmix

0.85

1.0

91.03

1.001.05

1.031.07

35pm･100
% Detonation200pm･100% No

n･detonation400pm･100% Non･det,onaLio

n35pm:200pm=50%･.50% Detonati

on35llm:20叫m≡20%:80% Non･detonaLio

n35pm-･400pm=50%:50% Detonati

on35pm:200pm=2

0%:80% Non･detomalionTheresults0ftheini

tiationtestforsampleexplosiveDaresh

owninTable6.Calciumcarbonatei8expectedto

decreasetheinitiationsensitivityoftheexplosiv

esWiththeincreaseoftheadditionrate,becauseit

iBtheinertSubstancewhichdoe8notcontr

ibutetothedetonationreaction,although

itiBeffectivea8thedecompositioninhibitorofAP

.Thus,iti8neCeSSarytoconfirmtheAdditionratet

osatisfyboththeheatstabilityAndtheinitiations

ensitivityofexplosiveat芝oo℃.A8forthea

dditionrateofcalciumcarbonate,itiSCOnClude

dthattherangeof28-30%isthebestratiojud

gingfromthere8ult8inFig.4(Sampleex

plosiveB)andTable6.TheresultsOft

heinitiationI.e8tandmeasurementsofdetona

tionvelocityofSampleexplosiveEareshown

inFig･5･APneedstheadditionordensitycont

rolagentSuchA6g18BSmiCroballoon(GMB

),becauseAPhaslowerreACtivitythaneXploSive

compoundssuchaBRDX･Itmaybe8tatedthatGMB

arenecessary,becausethesampleexplosivewithoutGMB



Tabl86ResultoftheinitiationtestforSample

explosiveD.

Contemtorcalcium Density Result
scarbonate(wt%) kcm

.3)8 0.85 Deto

nation13 0.90 D

etonatOn20 0.8

7 DetonatOn30

0.95 Detonation40

1.00 Non-detonationinitiatedasShowninFig.5.T

hedetonationvelocityattainsit8maximumat

fewe如additionrateorGMB.Thesteeltubesaftertheinitiationtestare

(..9

3Stq甘0P̂.
70?Wta凸 0.85 0.95 1.05 1.15 1.25D

ensiyofsazqle(gcrr>3)Fig.5Therelationbetween

densityofsAmpleanddetonationvelocity.:要撃…寧-

__ 確立 Fig.6Steelttlbeaftertheinitiationtes

t.showninFig.6.Thesteeltubewasgreatlydestro

yedinthecaseOfthedetonationpropagation,but.I.hedestructionofI,heSteeltubewasObserv

edatsmallportioninthecaseofthenon･detonation

becatlSeOnlythesampleexplosiveArounddetonAtOr

reacted.Figure7Showstherelationbetwe

enthediameterofexplosiveanddetonationveloc

ityinsampleexplosiveE.ltisshownthat

thedetonationvelocityincreasesWiththeil

lCreaSeOfdiameterorsampleexplosive.T

hemeasureddetonationvelocityismuchlowerthan

theidealdetonationvelocityof4600m ら一lcalcula

tedusingKHTequationofState,Whichindicatesno

n･idealdetonationbehaviorofAPb88edexplosive

composition.Therelationbetweenthetemperat

ureandtheinitiationsensitivityforsampleexp
losiveEisshowninTable71Thetemperaturese

nsitivityisverylowso

thatthesampleexplosivecannotdetonatelessthan

80℃.However.thisisnotaproblemtakingaccountoftheactualenvironment

Beforeinit

iationtest･'''.Non.detonationDetonationpropaga

tioninwhichthisexplosiveisused.Contrary.thisfact

showsratherhigh8afetyforthehandlingofAP

basedexplosivecomposition.

4
.
Conclusions
Asaresultortheinvestig

ationoftheheat州棚仙珊州洲洲(㌔asu)音otâuo!ttmotaQ



Table7Relationbetweenthetemperatureandand
theinitiationSenSitivityforsample
explosiveE.

SampleE 灯on- Non- Detonati
on(GMB3%)detonation deto

nationresistantindustrialexplosivesWhichcan

beusedathightemperatureof200℃ evenin

acidicenvironment,thefollowingconclu8io

nswereobI

.ained.(1)Itwasfoundthattheemu18ionexp

losive,whoseprlnCipalingredientwasa

mmoniumnitrate,wasnotabletoinhi

bitthedecompoSition,evenwhen8uf

ficientdecompo8itioninhibitorwasaddedun

derthehightemperatureenvironmentwhiche

xceededthemeltingpointorammoniumn

itrate.(2)Heatresistanceover24hoursat2

00℃wa卓0btAinedbyaddingcalciumcarbonate

totheexpl08iveusingAPa80Xidizer

tュndercoexiStenCeWiththedecompositionp
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