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6.ApplicationtoANIFO
6_1.Introduction.

Aninterestingapplicaionofthehabitmod･

iAedammoniumnitratetoinustrialexplosives

isammonium nitratefueloilexplosive(AN･

FO).

Recently AN･FO have been developed

andwidelyusedintheU.S.A.because

oftheadvantagesinsafe handlings and

eCOmomy.

Unfortunately however,these explosives
cannotbefreefrom disadvantageoflower

sensitivitythanthatoEconventionalexploI

sives,sincenoanyselfexplosivecomponent

ispresentintheformer.HencetheAN･FO

heretofわreknownisllardtobedetonatedby

meansofablastingcaporacommondeto･

nating fuse,and itfurtherrequiresrela･

tively greater diameter to obtain steady

statedetonation.ForthisreasontheAN.FO

findsrather limited use in our country

wherescalesoEblastingoperationsaregent

erallysmall.

During the course of an investigation

ofthe habitmodification ofammonium

nitrate,ithasbeen discovered thatthe

HAblt19dlrlor

modifiedcrystal,beingmixedwith fueloil

displayed enough explosive propertiesfor

useinsmallerscaleblastingoperations.1)2)

InthepresentpaperconcerniTlgWith the

modifiedcrystalAN･FO,processofpreparadon

propertiesoftheAN･FO,andofthemodified

crystalaredescribed.

62.Processofpreparationof血eAN･FO

TheprocessoEpreparadonoftheAN･FO

hereinquestioniscalled"wetproce岱"asit

includescrystauiZadonfrom motherliquor,
andtheproductcontainsconsiderableamount

ofwater. TheyarereTnarknblepointsof

theprocess.Otherpoints tobemensioned

are;neithercrusl一ingnordryingofammoni-

umnitratearerequired,overalltheprocess

iscarriedoutinsafety,andtheproduction
costsarelow.

Theprocessisshowninfigure1.Asatu･

ratedaqueCIuSSOlutionoEammonitln nitrate

atabout32oCispreparedinatank,whichis

equippedwithanagitatorandwith ajacket

forcooling,andastnallamountofcrystal

habitmod恥ingsubstanceisadded. The

solutioniscooleddownto10or200Cinone

ortwohours. Thenthehabitmodified

lbthorllqtJ9r

::諾三謡:i-iyodLEbd-rtifトyLl'Lq一区司
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Fig.1.ProcessoEtheprcparationofthemodifiedcrystalAN-FO,whichis

ca)ldttwetprocss''.
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ammonillm nitrate･ISCTyStatli托dotJt･The

rnixtllrCOlmother]iqtlOr州tIL･rySlilHs{Iis･

ehargL･dtuilC…trifuHeWhic1-issetunder

thetank..lndtheyarescparaled.Thesepa･

ratedmotherlitluOrisl川mmPedupttlelzlnk

andisusedforammoniumnitralcdissolution

ofnextronud;thustheliquoriszrvailed

repe且tedly･As astarting materialofthe

process,industrialgradeammonium nitrate
isavailable.FromtheeconomictllpointOf

view, however,hotconcentratedaqueous
solutionoEammOniumnitrate,Whosewater

contentisupto5percent,ispreferable.

SuchasolutionisfoundinprocessesoE
LZ:

ammoniL)m nitrateplantofseveraltypes

e.g. StenE!elproecss,grainingprocessand

prillingprocess.Theecntrifugallydehydrat･

ed modified eryst.llwhichstillholds4to

5percentwatersl10WSenOugh Sensitivily
todetonalioltWhenilismixedlVithfuel.

SoitmaybeoEfcrcdtoon･sitemixingor

"do･it･yourse]f''opemtion. Themi7'ingwith

fuelisCarried outquite easily ZIS the

modifiedCrystalisoilabsorpliyeinitsnature.

Simplehandmixi叩 Ornnylype mixersare

possiblyu紀d.

6･3.Exp一osionpropertie.i,ELndfactorsILffecL･

ingthem.

6･3-I.Measurmcntoltlleexplosivesensitivity.

ŝilhasbeetlmentionedtheaim olthe

presentstudyistoproduceAN･FO whose

explosivesensitivityissohidIthatitob.

tainssteadystatedeton.ltioneveninasmd1

diametercartridge.Forthispurpose,sel･eral

factorsaffectingtheexplosivesensitivitywas

studied.Theexp)o阜ivesensitivitywasexprcs･

sadbyaCriticaldiameterwhichwasdefined

asacartridgedi.lmCterO150perct･ntdetona･

lion.lngelleral,lIlr代 Variablesdetermine

theexplosivesensitivity;theyaresl∫engthol

initiation,Con点nementoEcartridge,andcar-

tridgediameter.lnthepresentstudy,the

chargewaswrappedwith8thinpaper,and

yoL._23.No.2,1712

wasinitiatedbyaNo.6detonator.Cartridges

ofyilriotTSdi.lmL･tL･rい＼･L･rCI)Eel)artldandthe

percentageofdetonationw甲 meaSt!red･

6･3･3.TemperatureofCrystallization.

CryslallizationoftllemOdi后edammonium

nitratewasachievedbyloweringofthesolu･

bilitywithcooling. Alargequantityofthe
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AN-FO.
Sen.q
ilivityisimlittntetlin
LlritkaldiamiLL･ler.

crystztlmighthcobtnincdbyae(Iolingstur･
ted.lt
highlemperalurL･withabiglcmpera.
lurercduetion,
butlllisresultedin(legra･

dalionofthesensitivity.
Figure2shows

rangeofcryslllizatit-ntemperatureandexp)o･
sivesensitivityoftheAN･FO.
Asitisshown

theeryslalsfrom30to20oChiLVL･the
higheSlseIISitivily.
Ontheotherhandthe

Cr
yStalsfromhighertemperaturesandfrom
loweroncshavettle
l

owersensitivity.
The

reasonisthatinalowertemperaturerange,
solubilityofthemodifyingsubstanceisloo

small,w
hileathighertemperaturethan32℃,
crysta)]izedammoninmni trate is



which issubjectf･d to a diqerenttypeof

modilICation.

6･3･3.Water･COnlent.

Intheearlierstageofthework,it was

consideredthatwatercontentinthecrystal

mightdecreaseexplosivesensitivity ofthe

AN･FO. liencewatercontentofthecrystal

wasreducedtoleBSthan1percent. The

dryingoEthemodi点edcrystalwasatfouble･

someprocess;itmustbeworkedintemper･

AturerangeOEIVphase,below32oC,other-

wisetheconditionofthemodificatiollWould

tx clmnged, andthesensitivitywouldt妃
decreased.LateriLwasfoundthatthemod･

iGed crystalwithLIto5perCentwater,

whichwasonlytreatedbyaCentrifuge.had

ahighersensitivitythandriedones.Thiswas

quiteapromisingdiscol,errfortheilldustri･

aliZationofthemodiGedcrystalANIFO.The

extem81formofthemodiGedcrystalisfavo･

Tableforcentrifugaldehydration. Itiseasy

andeflicicnt.Figure3sl10WSrelationsbetw･

eenwatercontentandexplosivescnsitvity.

Tiedpointsshow theresultsobtainedfrom

thecrystalsofthesamebatch.
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WaterContent%Fig,3.RehtioTISbet
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SelectionoEfuel.ThemOdiGedcrystalwf

LSmixe(Iwith5percentoEvariousfuels

. and theexplosivesensitivity ofthemix

tured wasmeASureJ.Theresultsareshow
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equivalenttoNo･2fueloil･whichiswidely

used forANFO in theU.S.A.. Tablc2

showspropertiesrolNo･2fueloilandNo･1

lightoilincompArison･

6-3-5.Fueloilcontent.

FuelOilcontentdecidesthesensitivityand

poweroftheAN･FO･ From 丘gure4itis

seenthatthemodi丘edcrystalitselfdoesnot
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6･2･7.Stomgetest.

'lllemtJdiLieJcrystalAN-FO showedlittle

degradationofsensitivityonstorageOElong

perioJes.Experimentalresultsareshownin

点gure5.Wecanunderstandthisfactifwe

assumethatthemodi点edcrystalisalways

renewedwithvariationofexternalconditions,

sincetheCrystalholdsenough watertokeep

themodifdngsubstanceinanactivestate.

弧.InadditionthecrystaHscompletelyfreefrom
caking,whichisacommondefectofammo･抽l
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nium nilraleexplosives.

6･Ll.PropertiesofthemodiGedぐryStalre]atinL･

toexplosivesensiti､･ity.

> + 6 8 JO

Oi)ContcrLt

FIJr.4.FueloilcontentvcrSuSexplosive
sensitivityAnddetonationvelocityof
theAN.FO.i)etonatiortyel∝ilywas
measuredit135mmdin.papercarl
lritlge>.

e叩lode･ Thislaclisquiteimportantfor

"do･it･yourself''operationsfrom aview point

oLsafehandling. Witt15.5percentoil,the

mixtureisoxyRen･balanced.

6･3･6.Explosionproperdes･

Explosion properties areLsummerized in

table3.

TAbe1.3,F.xplosionproperties.

Drophmmertest(5kghflmmer)

vt-1霊 .'iEuだton'ltionin35mmdia･

Hessbrizancc

Bal]isticpcndu]um

G叩 teSt(mu]tip)esoldin.)

pnASandbed
Inwaterof0.3mdeep

24(:m

i700m/s

I2.1mm
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Fig.5.Vtlriationofexplosive
Sl･nsiliviLyonstt)rage.

(>4.1.Particlediameterdistribution.

Aremarkablepintofthemodifiedcrystal

AN･FOinthzlltheerystalisnotsubjectedlo

dryingnr)dcrushing. Sotheparticlesizeis

dctL･rmincdduringthecourseoEcrystaI]iza･

lion,dehydrationandotheroperations.Par･

tic)esir.eisintimatelyrelatedtoexplosive

propcrtics,andiszlnimportantfactortohe

considered while its de丘nition isavL･ry

conlus.HIL･problem.hecatJscthecrysta)is

fibrousordcndritkasitisseenonmicro.

photographsS). Inadditionthecrystalisso

fraJlLllhiltthesizeisreducedonhandli叩.

Ancstimaleoftheparticlesizedistribution

odtaineddysievetestwithTylormeshis

shownin丘gure6.
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舟Opeming AS ABFl'Et.6,PtLrtic]esi£edistribution.

6･4･2.SpeciGcsurface.Speci丘Csurfac

eofammonium nitrateiscloselyrelatedtoexpl

osivesensitivityofAN･FO.lnthepre詑nt

StudymeasurmentofthespeciRcsurfaceWas

CarriedoutbyairpertmeabiliLymetho(

I,whichhadtx鮒 bascAbyKoZenyandCarm8n.D

escriptionsoftheappalrAtuSusedandthes

peciGcsurfacesofammo･niumnitrateofvari

ousoriginsweregivenbyK.HinoandM.

Yokogawa.一'ThesaTnplesinthepresentpape

rWeremOdi丘edandordi･maryammOniumnit

ratecrystalswhichwerepreviouslycl8SSific

dwithTylormesh. The21 Void

Fig.7.Specir)csurEacesofthemodi后t:(Ic
rystnls.Theyareplottedagainstvoidol
thecrystiIIspackedinasamplecylin･derolthemeasuringapparatus. resultisshow

nin丘gure7.ThemodiGedcrystalshavefar即 eaterSpeCiもcsurfacesth

anordinaryWilesuSWeeXPeelcd rrいnlthL･ir

appeTanCe. 'rhisfactexplaiTISinparthi

ghsensitivityoflhcmodiGedcrystalAN-FO.

6･4･3.Wettingproperties.Surlacesofmodi丘

edcrystalonwhichmo･leculesoEthemodi軸

ngsubstanceisadsorbedwithttleirpolargroup,

whileturningthenonpolzlrgroupOutward,

areexpectedtoberatherlipophilic.ln

otherwordsthesurhcecaregivena爪ni

tytooilysubstancesbytheadsorp
tion,andtheftleloileasilyspredsoyerthesurfaces.Thusthecontactt妃tweenOXy･

di托r.lndfueliscloseinthecaseofthemodi

GcJ AN･FO. ThisisanotherreasonwhytheAN･F

Ohashigh sensitivity.Wettingpropertiesa

reexpressedbycontactangles.Whenthec

ontactanglebetweenasolidandaliquidis

small,itisde丘nedthattheliquidwets

thesolidwell.Contactanglebetweenapowder

al一daliquidismeasuredbyac叩illarymet

hod.Inlllemethodtllesllmp]cpowderisrtll

edinaglasstubeandthelowerendof

thetutC isimmersedintheliquid,the

nlllelatlcrrisesthroughthecapillary.AccordingtoWashburnthevel

o･cityofrisingiss

hownbythenexteqllation.dh/dt

=rrcos〝/4-h･････-･- -I.-････(1)where

h:heightoftheliquidattimelr;diam

eterofthecapillaryr:surtaceten

sionoEtheliquid〝:Contactangle与:

Viscosityoftheliquid.Inle即atingtheequa

l-loft(1),weget,h-L-r㍗tco.q〟/2,i- ･･･-

･･･- ･････.･･---･(2)In tllt!preSetttexper

iment,samples ofzlmmOniumnitrilteCr

ystalsprelinlinari1ysievedforlhcrangetx:lween6Oand80mesllWCrC



TAble4.1'rolICrtic.iOltllCliquidswhiL･hWCrtit
usedformea･<urint!thewc･tli叩PrOPCrty.

Property

ANsat.aquelluS 州ln.
(10.,.･Iddcd0.05% h;llJitmo･
tlirler
No.1Jighhli).

Equation(2)iswritten

;-:右｢ .lt,enn…locnd

lJllr2=tTll･/eos仇l･/2T/11･- --･･･--･･-(:1)
IL.'-rr｡/COS〝｡/2恥･--- -.･=-.I- =-(LI)

inwhichsuffixesw andomeanthatthey

relatetoaqueousso)uLionandOilrespectively･

Fromtheepuations(3),(LI),wcget
/J.2//zwZ=γ｡vll･COSO｡/rll･V.COSOll･
kcos0.VCOSOH･- -･･･- -･.･･-- -･･(5)

Fromexperimentalreusults,theValuekCos

O｡cosOTrWasCalculated. The rcsulls are
shownintable5.ThevalueoEthemodi丘ed

ammonium nitrateisgrcillerthan ttlatOE

ordinaryone.Thisapparentlyindicatesthat

themodiGedcrystaliswettedmoreeasilyby

TAtlle5.

Mt)difit･dcrystal

I-･TT咽 .

oilLhilllillthecaseoEOrdinary

One.SummAryAprocessforthepreparati

ono【lllemOdi･GedCrystalAN･FOwasstudied.Th

isinc]ud･cderystnHiZilliMlOElhcmodirlCdcrysta

lfromasilturalcd.lquCOuS

SOlution containing allabiLmodifyingsubstance,andmixingoffu

eloilwith"weL''L.rySLaI.F.xplosionproperties
oEtheAN･F()wasstudied

experimentaly.ThemodiGedcrystalitselfdidnot

explodewithaNo.6cap,however,thecrystalmixedw

ithNo.Ilightoilh.ldeI10ughexplosivesensiti

vity.Themodifiedcrystalwasfoundto




