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DetonationvelocityandpressureOfthenon-ideal

explosiveANFO

AtSumiMiyake*,KeiyaTakahara★,TeruShigeOgawa★,YujiOgata★★,andHiroytlkiArai***

Inordertoobtainabetterunderstandingorthenon-idealdetonationcharacteristic80fANFO

explo8ive(ammoniumnitrateandfueloilmixture),detonationvelocityandpre88ureWere

meASuredinsteeltubesSimultaneouslywithioni2iationprobesandpie210-reSistivemanganin

Fauge8.ObserveddetonationvelocityandpeakpressureWereCOmparedwiththetheoretically

predictedvaluesobtainedbythethermohydrodynamicCHEETAHcode･ Experimentally

ob8erVeddetonationparametersWeredeterminedas60to72%Orthecalculateddetonation

velocityand42to58%Orthecalculateddetonationpressure.Furthermorethefractionreacted

atthedetonationfrontwasestimatedas57to73% ofthecalculatedvaltJeSfortheideal

detonat,ion.
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1.1ntroductjon

Ammonium nitrate(abbreviatedasAN,

hereafter)andANbasedexploSive8havebeen

widelyusedasindustrialexplosivesorenergetic

COmpO8itionSSuchasANFO,emulsionexplosives

orANdynamitee上c..Theyareexplosivesknown

forit.良non･idealdetonationbehaviour.Thisis

Shown.forexample,bythedetonationvelocity

whichdoesnoteasilyreachtheoreticallypredicted

values.Explosivesbehavenon-ideallybetween
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thecriticaldiameter(dc)belowwhichaSteady

detonationwaveCannotbesu8tained,andthe

miniml)m diameter(d,n) abovewhichthe

debnationisideal.ANandANbasedexplosives

aretypical"non･ideal''exploSivebecausetheyhave

largevaluesfordm andrelativelysmallvaluesfor

d..Formostpracticalconditionstheywillnever

reach theidealvaluesaSpredictedby

thermohydrodynamictheoryn･

Itisthepurposeofthisinvestigationtoobtaina

betterunderstandingofthenon-idealdebnation

behaviourof̂Nbasedexplosives.Intheprevious

paperswehavereportedtheinnuenceofthe

physicalproperties0fANonthedetonationvelocity

ofANFO2川 ･ Inthispaperdetonationvelocity

andpressureWeremeasuredinSteeltubes

Bimultaneou81ywithionizationprobesandpiezo-

resistivemanganingauges.Observeddetonation

velocityandpressureWereCOmpAredwiththe

theoreticallypredictedvalue白Calculatedbythe

thermohydrodynamicCHEETAHcodeandnon-

idealdetonationbehaviourwasdi8CuSSed.

2.Materials

Themateria)8usedinthisstudyarelistedin
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Table1Physicalproperties0fANusedinthisstudy.

TBble1.

Threekinds0fANwereinavarietyor770to820

kglmユinabulkdensityandhavethe88meph

ysicalpropertiesbutdifferentonlyinparticle

diameter,whichwereobtainedbySievlngthe88m

elotofAN.ThepurityofANw88morethan99%andthe88mple8Weretreatedwith

theanti-cakingagent.Themodeporediamet

er.thetotalporevolumeweredeterminedbythe

poroSimeterwiththemercuryintrusion(pressuri

2lation)methodwiththeaSSumPtionthatthepor

eintheparticlewascylindricalshape.

InTableIthemodeporediameterisdefinedABth

ediamet,erwhichtherelativefrequencyshow

sthemaximuminthediameterVS.diLrerenti

alvolumedistribution.The8peCificsurhceArea

WasCalculatedaBtheratiooftheSurfaceareaoftheANparticleagains

tthevolumeoftheparticle,Anditneglect8theS

urfaceareaandvolumeoftheporeintheANpar

ticle.ⅠnallteBtBANFO composition wereS

tOichiometric,i.e.6wt.%ofNo.2fueloil(commerci

allyavailablegasOilfordieselengine)and94wt.

%ofAN.ANFOwerepreparedbymiⅩingofAN

andfueloil,andplacedattheroomtemperat

tlreformorethan24hoursbeforeuse.3.Theo

reticalcaJcuJationTheidealdetonationparame

tersOfANFOwerecaIcuhtedbythethermo

hydrodynamictheorydeSCribingthestateattained

behindthedetonationfront.WeusedtheCHEET

AJIcodeincombinationwiththeBKWequationof

StatetOCalculatethechapman･Jouguetparame

terS4)･InthecalculationoftheC-aparameter

80fANFO,n･DecAneWASuseda8thefueloil.Int

hefollowingSectionstheratiooftheexperimen

tallyobserveddetonationvelocityandpeakp

ressuretOthetheoreticallycalculateddetonationparamet
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Fig.1Experimentalset-upofdetonationvelocityandpre88uremeas
urementOfANFOusingIonizationprobesand

manganingaugeTable2Experimentallyobservedandcalculateddetonationpropertiesandest

imatedfractionreactedordetonatingANFO.Sample IJOadingden8ity D D.01 Doh./Dcれ)E.F.R.
P.h. P印J PobJP.AlE.F.A.lkg/mll 【km/8】

lkm/81 【-】 l-I lGPa】 lGPa) 【-】 【-】A-1 895 2.95 4.95 0.60 0.57 2.LI 5.58 0.43 0
.62A-2 900 3.00 4.98 0.60 0.58

2.4 5.69 0.42 0.62B-I 890 3.35 4.94
0.68 0.6′1 3.0 5.53 0.5Jl 0.67忠-2 900

3.30 4.98 0.66 0.65 ー3.9 5.69 0.51 0.68C-1 925 3.65 5.07 0.72 0.69 3.5 6.01 0.58

0.71C.2 9′lO 3.65 5.12 0.71 0.70 3.6 6.

19 0.58 0.73pressurewasdeterminedwiththeaccu

racyOf0.IGPaStep.5.Resu一tsanddiscussions

ThemeasureddetonationparametersofANFOareshowninTable2withcalculatedvalue

s.lnthistabletheCapitalletters0rthe8

8mplename(A,B.C)indicatethesampleA

NFOpreparedwiththeANgiveninTable1withthe

lowercase(A,b,C).TwoormoreShotswerecar

riedoutinI.he88meconditionandastabledeton

ationwa8Observedinallshotandtheratiototh

ecalculatedvalue(Doん/D,hhP.～/P,a)weredet

ermined.5.1JnflLJenCeOfthephysjc8lpropertie

sofANonthedetonationparametersofANFODe

tonAtionvelocityAndpre88ureShowedagoodrep

roducibilityineachconditionanddetonationv

elocityandpressureincreasedwiththedecreaseoftheparticlediameteri.e.withtheincreaseof

thespecificSurfacearea.Detonationvelocity inc

reasedFrom2.95to3

.65km/良,andtheratiooftheob

serveddetonationvel∝itytothecalculatedvalue(Do

h/D,.)incre88edfrom60to72%.Peakpressureincre88edf

rom2.日03.6GP8,andPQA/P〟lincreasedfrom4

2to58%.Onthebasisoftheapproximatecla88icAldetonat

iontheorytheCIJpressureisproportional

totheSquareOftheC･Jvel∝ityaSglVenby;P(
J=(A/(Y+1)JDcj (l)where.PL.J:C

･Jpre88ure.Pd:initialdensity.Y:adiabati

cexponentofgasProducts.D(J :C-avelocity.

AsindicatedbyEqn(1),theSquareValuesorDoh/D,A



TabIe3Experimentallydeterminedandcalculatedyvalue8.

Sample lJ)adingdensity Dob丹 Pob. γ叩
Ymllkg/m3】 【km/sl lGPB]

【-1 【-1A-1 895 2.95
2.4 2.24 2.93A-2 900

3.00 2.4 2.37 2.92a-1 890 3.35 3.0 2.33 2.93
B-2 900 3.30 2.9 2.38

2.92C-1 925 3.65 3.
5 2.52 2.96C.2 940 3.65 3.6 2.48 2.9

8ANFOiSnOn･reACtive.Theestimatedfraction

reacted(E.F.R.)increasedwiththeincreaseof

detonationvelocityandpreB8ureandthevalues

wereinarangeof57to73%.Thesevaluessh

owthecoincidencewiththecalculationdoneby

Mader7).E.F.R.ofdetonationvelocityshowed

agoodagreementWithDQbB/D,DIValuesineac

h88mple.WhileE.RR.orpre8Suredidn'tshowanag

reementwithP.A./P,DIValues.Itisconsideredtha

tthedetonationvelocityincreasesasalinearfun

ctionofenergyreleaseatthedetonationfrontand

thedetonationpre88uredoesnotincreaseasalinearbut80meOtherfunctionsuchaSaSquareOf

energyrelease.Furtherinvest

igationisneededformoredetaileddi8Cu8Sion.

Table3showstheyvaluesofeachexperimentalconditionobtainedbyEqn(1)IInthistablere.pis

determinedwithobserveddetonationparametersand‰ /i8Obtained88idealdetonationvaluew

ithCHEETAHcode.Iti8Wellknownthatyofcommon

high explo8iveSusuallyshowsinarangebetween2.8and3.2,andy,010fidealdetonationalsolie

sinthisreglOn･rQ.P OfANFOincreasedwiththe

decre88eOftheparticlediameterandwiththeincr

easeofDab/D,.IandPob/P,.Ivalues.Althotlgh7T..pValueslieinarangebetween2･2and2･

5inexperimentalconditionofthiswork,itisconsideredtobelargervaluewhenthedetonation

becomesmoreideal,suchaswithlargerdiameterorwitha8trOngerCOnfinement8).Itisconcluded

thatyvalueiSaSimplebutusefulindexort

henon･idealityordetonation.6.Conclus

ionsFromthedetonationvelocityandpress

uremeasurementOrANFOprepAredwiththreekinds

orammOniummitratewhichhaddifferentpar

ticleSize,followingCOnClusionscanbedrawn: L

l】Thedetonationp8rAmeterSincreasedwitht

hedecreaseoftheparticlediameter,i.e.the

increAseoftheSpecific8urfacearea,andthe

higheStValuesWereObservedAS3.65km/aA

nd3.6GPaforthesmallestparticlediamete

r.ThevaluesWerecorrespondedto72and58%

ofthecalculatedv

aluesforidealdetonationwithCHEETAHcode.[2]ThefractionreactedAtthedetonationfrontwas

estimated8857to73%oftheidealdetona

tionvaluesby

assumlngtlmtapartofANFOwasnon-reactive.(3

)Thervalueofeachexperimentalconditionwasdetermineda82.2to2.5anditcouldbeaSimple
butusefulindexornon
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