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Development･of′aneconomicalhigh performancemelt.castable

insensitivehigh e軸Ib毒it.e 一･ ''

;i{,h′Fノ JH.Y,l…by･Theodore･S.SUMRALL+.)(一 ･,.
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Ale表 sensidve'hjghexplosiyeisobtainedbyusingaDicyandiamide(DCDA)･Am 'mopiumi IJJL'
Ni申te(岬 ),Guanidine叩itrate(GN).EthileneDiamineDini由tb作DDN)一et,tbcdcniel'tL

binderincふ品bizudonwith1Ammdddzh-perchl血te(AP)-dkidizer;鮎追:kbx(2二10EECPatd･ヽ
cle8ile)ahaalu-mi占uふ'㌫ぬ1.･瑞 ふ磁 鮎1iiふderd由良ahilt'ムLstable,ehe･ilgetic払attix
simnartoTNTbutwith improvedth払dr&onBe.ner血e!RDXpa拙 )esimproveperfor･
mince,boc6terabnity祖 d品 siddty.'neiid由ionofAPqeatlyi血p加 esdibhit叫adding
叩蜘 ntbthir飽dion'indaidingcombtlSdonoftheinかdi血ts:meI.ddmintln-extendi■the

pressurepuke.neradoofeutecdcsaltsisEorndatedtoobtainthelowedbow血protesSing

tempera叫e.necompositionwasform血tedhhopesofmeを血gpe血mLZLnCe,Cost'aJ)asen･
sitivitypalsrelatedtothenextgenerationofU.S.explosives. . I .ll ,.ド.
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1ntrodLJCtion:

MIJChefforthasbeenexpendedintheResearch

andDevdopmentofexplosivesthatllaVeabenign

responsetostimuliyetmeettheperformancegoals

associatedwithhighexplosivesformilitaryapplica･

don.Antnberofthefonnuhtionsproposedtodate

hareindudedexotkingredientswhidlateeithertoo
expensiveorarenotcommercianyayajlabletomeet

immediateBindnear･termproductionrequrementsor

harerequiredtheeznploymentofmixingequipment

nottraditionallyemployedforexplosiyeprccessmg.

Additionally,withthectlrrentemphasison

demmtariZationcoupledwithincreasedrestrictions

ontheemploymentoforganICSolvents,itwasdeter-
minedthatitwouldbeverydesirablethattheformda･

donbewatersolublesothattheordJu CeCodabe

easilydennitadZedandtheexplosiveingredients

recoyeredandreqdedwithease.

SinceGeneralPurpu (GP)bombsCOnSdtutethe
oyerwhelmingmgiorityofexplosiyescurrentlyinthe
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UnitedStates(U.S.)DepartmentofDeEwse(班 )

inyentory,thisresearchwasgcaredtotheLornula-

donofzLneXplodveforGPbontI瓜1withtheEollow･

Inggoals:

1.Explosiveemploy8r飽dilyayailableandinex⊥

pensiyerawmaterials.

2.ExpbsiyeismeltQStableandQnbenat)血C-

ttwedinexistingstezLmkdtleequpmeJ)I,is

compadblewithcurrentinventorybombdesign

(MK-80sedes)andisboosterablewithsbn-

dardhsedesign.

3.ExplosivehasperLorn ancecomparableto
PBXN-109

(16%inertbinder/20%Al/64,JRDX)

4.ExplosivemeetsIMcriteriaperDoDStandard

2105lB

5.Explosiveiswatersohbleandeasily
dem鎚tarid .

Ctm tGPbombsaTe斑ld withmeltableTNT

basedexplosivessuchTritonal(80%TNT/20%Al)

orH-6 (30%TNT/45%RDX/20%Al/5XD･2

WaDE)bmsteamketdetypemixers.Wh eJ)theU.S.

Nayy触 tdecidedtointroducePBX-109intothein･

ventory,considerableinvestncntinBaker-Perkins
typemixqsⅦ requiredaJIdinordertoayoidaddi･

tionalexpense,itwasdeterTninedthatthe
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finalformulationwoddrequire･steam･kettlel･PrO･

cessabi1号ty(GoalH2).
Thoory:

Dr.MdvinA.Cook'sclassicAmericBLnChemical

SocietyText,.̀TheScienceofHigh..Explosives"

describesan甲Plosivebasedonthere?ctionofAm･

monitlm Nitrate (AN)with Calcium Cyanamide

(CaCN2)topro血ceCalciumNitrate(CN)plusam･

moniaandantnknOwn -organicsubstance'I!.cook

alsoreportedthattheaddidonofaTNTsensi血er

resultedinanexplosiyewithCridcaldiametersonthe

orderbfI.25inches(SDn)(.As part-ofthisresearchi

this"organicsubstanceつwaSdhemicany,analyzedand

determined:to'be■a'combinationofDicyandiamide

(DCDA)andGt)azIidineNitねte(GN).･Theexplosive

referencedbyDr.Cookappearedtobeverythernally

stable/as.indi也tedbyin-housediuercntialscanJling

calorim'etir(DSC)an'dysislbecausezLnendothermic
riadionoccWS,Ipresumablyfromthemaldegrada･
tion弧diammo'nialib舶tion.It･vasconjecturedthat

thesepropehiescodd･･reSultin孤 LeXplosive☆ith

cook-offinsensitivity,'.a'mandatoryTiqdirementof

the'DoD'sIM''r叩 iremeJltSこ

EutecdcsemployingDCDA,ANandGN(DAG)

arediscussedih･patentlite'rature芦)･叫.DAG.eqtecdc

binders･Were....I:6n岳ideredideaトCandidates.from a

number′of･standi)oin暮s.First,therawmaterialswere

quite-ihexpeii.Give(GoalH1).Second,aseutecdcsape
meltat)le,Stu kettleprocessingwaspossible(Goal
H2)'.Turd,sini:enothydr∝a】血Onbinders･woddbe
udIizedaJ)abecatlse--theeutecticbihderalsocontain･
edoxygen,higherdensidescodd.bea血ievedandox'
ygenwoddbe･indose.contacttothefueland･could
enterinto･ther飽Ction●20'neofthe･CJPlane,thsim･
provingpertornaJlCePrOperdes(GoalH3).Fourth,
basedonpredousR&D.reducedexplosive血ockscn-
sidvitywasadistinctptez)tial弧d,baseduponthe
thermalcharacteristicsofGNandI)CDA (both
precursorsofthewelllmown andthermallystable

IHENitro甲 nidine[NQ])itwasbelievedthatthe

thermalresponseofaeutecdcexplosiyeeJnJploy血g

GNandDCDAwouldbeyerymiId(GoalH4).Final･

ly.sinceANbasedexplosivesapeverywatersoluble.

demilitariZadongmlscoddbeeasilyachieyed(甲oal
〝5).

l･ I ′

ResultS/Datヲ:

Thelowcitふel血gpoint(毎94℃)wasdemonstratd

tobeataDCDA/AN/GN(DAG)ratioof30/54/16.

Fortnaximumsafetypurposes,theeutecdcbinder

withthe,lowestmel血gpoint潤 employed.Tu島

pohtwasdete血 ed.based.uponseventestdata

poiELtSandtheemploymeJ)tOf.acontourgridplotting

program thatplottedmelting.pointasafunctionof

threepvariables.Theoutputof･thisplottingprogram

providedayeryaccuratepredictionofthelowest

possiblemd血gpoint.However,･evenafteropdmiza･

tioAOfthisterdaryeutecdc,itwasdeterminedthatit

woddbedesirabletoemployaeutecticwith･even

lowermel血g･temperattwestoaueviateconcems

assodatedlwithself-heating.phenomenonwitnessed

inhrgediameteroperationswhereexplosiyecomposi･

dons exceedtheir･CriticaltemperatureJduetothein-

abintyoftheexplosivetodissipateintemdthermal

energy･Lー̀ .I

rA.composidondevelopedbytheU.S.AirForce

(USAF),identifiedas･AFX-400･conSistsofaeutec-

dcblendof46%Ethylenediaminedinitrate.(EDDN),
46%AN .aLnd8%PotassillmNitrate(m )lJ.Tus

composidonhadgoodpdormancepropertieSlbut
highsensitiyityinhrgediむneterS,piestmably.byyir･

CueofthehighcontentofEDDN.1mepresenceof-EN
retardedthephasechaJlge-PrOPerdesofthe.AN.･1

1ItwasLdiscovered,however;Athat･additiomofbet-
ween15T65%EDDNtoptheDAGeutecticreLerenc,

edpreviotlsly,furtherdetpressedthe･mel血gpointof

theeutecdc.t･However,itlWaSjdeemedd血 bleto

limitEDDNcontenttothelowestpwsiblecontentto

retaininset)sidvity.ARerthe･.addition.,of 15%

EDDN,furtheraddi血nofEDDNdidnot･furthersup･

pressthemeltingpointoftheeutecticbelow等･84℃.

ThiseutecticbinderwasdesipateddDAGEワ三

IhordertodecreasethecritiCaldiameter-ofthe

DAGEeutecdcexplosiYeS,it･wasdetermiJledLtbtit

woddbenecessarytointroduceasmanpercentageof

RDXtopermitthefhalforndationtoe.mploythe
.､血se and Tbooster mechanism incurT'entMKー80

Series GP bombs (Goal #2).Preyiousresearch

revealedthat血 eparddesizeRDX (< loft),When

htrotducedintoaPBX formdation,wassip iBczultly

les s蝕 SitivethaJlhrgerpartidesizeRDX･AIthough

RDXisnormdlynotsievedtopardclediametersthis

Bme.sufficieJltmaterialvTaSgrOtLndinordertocom･
.r )'r.

plete･thedesiredR&D･Itwasdetennineddudngthe

courseofthishvesdgationthatRDX wi th ii血七cle
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raJlgeOfbetw比n1-4FEgavethelowestsensidvity.

Howeyer,duetothem∝haJlical)imitadonsofthe

RDXgrindingequipme叫 0nlyaverylimitedamotmt

of<4fJRDX ⅦSImaJIufactured.･nis･znaterial

verifiedthemarkedsensidvitydecrea8ewithBner

nitrami nes.Howeyer;becatwetherewasinsufficient

<4J,RDXtoloadlargerSi2etestSamples,thelre･
mainderoftheresearchwascoTlductedwithRDXhay･
ingallaverageparddesizedistriludon2:4P.

Ahminum iscommodyemployedinbomb一皿 cotn･
positon8thathaveairblastaStheprimarydamage

mechanism.nealum intm doesnotenterintothe

detonadon血mtbutizwteadbtm behindtheCJ

plane,thusext助ding.apn汚8u托p血 foralonger

periodofdmewhiledecreaslngpeakrpn汚Sure.

Pressureimpdse(theintegralofthep慨 ure-dme

curve)becomesamoreimportantvaluewhenattack･

ingtypicalbatdeLieldtargetsI(i.e.tanks.amOredcarl

riers.aircraftetc.)thanpeakpnSSllre.Peakpr塔 Sure
isofqeater･importancewhenattackinghardened

targetssudh asnudeaqmi88ilesilos.nereEore.
alumintm powderwasaddedtotheDAGEbased

eutecticsinceMK-80seriesbombsarenoTTnauylJ8･

edagaiJlStunhard血edtargets.However.duetoaddi･

donofthea)umintm -血et,Ioxygenbahcecalcuh･

donsreyedidthttheLormuhdonbecameoxygen

nepdve.DtletOthe'lowerproccssmgtemperatw es

adlieyedbyintroductionofEDDN,jtwasdeterd ed

thatitwouldbeBaLe･enough tointroduceAm monium

Perdllorate(AP)intotheformdationinordertoim･

proyeoxygen ).balance.AddidozLOfAP actudy

deqeasedthemel血痕･point毎 5℃.
Very extensiyethermochemicalcalcdations･of

predicteddetonationandcombllSdonpanmeterS

(velocity,･pre8Stqe.temperatt)ree上c.)were･COn･
ductedenployhg thermodynamiccodes such as

TIGER,BLAJCE,aJldNASA/LEVmS.nepredicbd

Table1 ComposidonofTE-E7007 eutecdcc叉･

plosive

hqedient wt.%

DCDA 10

.i;:AN ': 1

9:44てGN

5.76ED

DN 15.0AP(

17p) 17.0RD

X(>4p) 12.0etEect80fingredieJ)ICOmbimdonswere

plottedusingathree･dimensionalstatisdc

aleyahndonp岬 m(whichanowedforyariadonof叩 tOFo

uringredientsatatime)followedbysqbsequez)dal

mad血 cttqeandtcs血gofthecandida

teexplosives..After･extensivetesting,of.various･L

ornulationS,aEormdadesipatedasTE-E7007was

SCaledupforadv弧 Cedtes血gzLndcompariso

nsto血 血rdU.S.Nayy(USN)compositions,PBX-109

zLndI-6(aswellasotherEorn血donsm止血 t

uredbyGoyem･meJItandhdustryhboratori甲)

weremade.necompositionTE-E7007hadthe.fonnul

ationshowninTab

le1. ,TcstsresultsthatjusdBedthesca

le-TIPOLTE-E7007werethoSerequiredbyDoD･Ex

plosiveHazardClaBSiBcationProcedtqcs(TB700-

2).andAm uni･donandExplodyesSafetyStandards(DoD60

55.9-STD).IScreeningTeStSforIHEared

etailed.inDoD6055.9-STDaJ)aarehstedinTable2

･withthetestredtsassociated

withTE-E7007..CompositionTE-E7007wasthereLor

e8CaledupinordertoconducttheExpandedLarge
-ScaleQldGapTe8t(ELSGT)aswella8COnductper

formancetests(DetonationVelodty andDetonatio

nPrcsstue)ofthecompoddon.Acceptwdjametezsht

ydcalsQQeningT8bte2 hsendtiyehigh explosiye

sqeeningtestsTeStType Specificadon Re

quirement R岱ultsImpact TB700-

2 <ExplOsiveD PassFriction 60

55.9-STD NoReacdon PassPTA 6055.

9-STD lstExothern<250C PasssThallScaleBtm TZI700-2 N

ODetonadonorViolentReaction pissSparkTeSt 6



･一･Tab)e3'Idse血itivehigh 主軸osiveqdalifiQdontests `

TestType Specification Requirement Resul

tsCridcalDiameter JSSPM 如/A <2.5incheSUnco

ntinedH8CAPTest TB700-2 NoReac

tion PassCardGapTest TB700-2r.

>70kbarS Passtestsarenotlargやeq.Ough togiverehab]ere

sIJltsfori･ltheexplosiveswhichhavel打gede

tonationfailurediameters･Inotherwords,itisp

QSSiblethatthetnateridhasーSuChalargefailuredi

aJneterthatthetrue sensihvityofthecomposih

onisI.masked･Therefore,theELSGTも益desiped

inわrdertotestexplo表yeswith hrgefaihe

diimetersS).TheELSGTise貼entianyisi血ctor

of2･血 eupofdiNaval0血 aACehbイ040L).Ciid

GapTest.刊 6･ItdimensionsoLtheELSGTtes

ts蜘 ena止 73.152m diaJneterX279.4tzn let)gth.T

ypically,asthediameteroLnon-idealexplosiyesi

ncreasessodoesthecardgapdiameter.Howey

er,thisdoesnotnecessarilytran81atetoincreasedsen

sidvitysincetheboostersizeemployedontheELSGT

ismuchlarger,therefore,transmittedpressurevallJeS

needtobetIS･edratherthancardgapvalues.TE-

E7007exhibitedsimilarsensitivity(approximately70

kbars)forboththeNOLandELSGapTests.

TE-E7007hadanNOL加 Gapsh∝ksensitiyityo

L+77/-75kbam(+56/-60cards)aJIdanELSGT

sensidyityoL+57/-70kbars(+

116/-169cards).nosetestswhichcoddbecondu

ctedonsitearedetailedillTable3alongwiththere

sdts.AdditionalIHEQualiGcationTestsaredetailed

inDoD6055.9-STD.nosetestsreLereJ)Cedi

nDoD 6055.9-STDwhichapenotlistedinTab)e3w

ereconductedatNSWC/DahlgreJlandwillbereportedinas

ubsequentpaper.Basedontheabovetestresult

s,anumberof8inchx 16inchwarheadswereloa

dedtodeterminetheperformanceofcompositi

onTE-E7007.Theunitswerete8tedtodetermine

ayeragefragmentyelocitiesaJIdpeakpressuresrelativ

etoH-6,PBX-109,TritonalaJldSevenOtherbom

bfillcandidatesunderdeyelopmentbyU.S.Govemm

entaJ)ahdustryhboratorics.Additiondy,impact

紀鵬idyitytesting(SympathedcDetonadon.Fra

gmentlmpactandBulletImpact)wasperformedonTE-E7007.A fdetailedreportonthesetestresdtsw

illbepublishedinasubsequentpaper,howev

er,averagepeakpressuresandaveragepositiveimp

ulsevaluescom･paredveryEayorablywith PB

X-109 azldwasIsuperiortoTritonalandallseven

oEthecandidate血Eformulationstestedwithregardstoperform ance

dharacteristi

cs.Conelusions:､･Fohrofthe点すelgbds(1.2;3■'ahd

'5)ofthispro･ject･weremet'asofthedateofori

ginalpublicadon.ThetestsetupandresdtsoEim

pactsensitivitytesting(aswdlastheset-upofp

erformancetes血 gandmoredeta並edresdts)willbere

portedinsubse･quentpapersowingtopublicationsizeli

mitations.Note:Thispaperwasoriginallypre8e

ntedatthe)9921M TechnologySymposiumheldi

nWilliamsbtlrg.Maryland,inJuneof1992.Addido

nalinformation,originallyconsideredproprietary,h
asbeenincludedinthispapersinceapatenthasbee

nissuedonthistechnolow.(U.S.PateJ)two.5411615

,2May1995).neopinions/recommendadonsm

adeinthispaperareth肪eOftheauthor'saJ)dnotnec

essarilythoseoEanyotherorganizationoragency.
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経済性を考慮 した高性能で融解性直填可能な不感性爆薬の研究

■.ll

TheodoreSheldonSUMRALL*
1(日 :=▲j

:一l

ジシ7ンジアミド(DCDA),硝酸アンモニウム(AN)I,グ7ニジソナイトレイ･トい(GN),エ

チレl/ジ7ミソジナイトレイ ト(EDDN)などを融解性ノミイソダと過塩素酸7./そこウム

(AP)酸化剤,敢粒RDX(2-10fLm粒径).金属アルミニウムとを混合することによって感

度め低い高鹿能爆薬を得:るととができる㌻｡p･融解性,(イ ･/'ダTK'はTNTと同様な融廃して直.'':I

填できる高主ネ'ilJギ.叫 町 ダズ剤とし七の埠軸か要求されるがI.酪反応幽 改良す.i･▼l t Ill
特性を肴Lせい畠こ微粒な血Ⅹは性能向上と起鮎 串fび態度を改繭 る｡ 坤 を添加す･r'-:1'･I lr .I

る'土と噛 碑即 して反応車庫 させ1,I..,堺料成分'の地産巌 鮎 ぎ舶 舘 から廟鮎を'LL J['l' i｣(-(I.=･ ;Jl 'L'-rノ
卿 は やることヰな尋｡アルミ▲-ウ絹 年力.く/レス亘作用を増加苧君 鼻声俸吾郎声 い声｡エ).メ.. ,/'り:lL･二㌧.I.'■' II..･ .; L:･}‥ h

融鮎 塩類は製造工程における琴度を年下させ纏 め年率軒 細 る.｡...I.神 葬珊 5.れ碑

庇は米国における次世代爆薬の性能,L贋単性,感度な き '?要求卑満足でき.るも:?.巧.参る.｡い､■●

('Ady叩CedTecbpQlo由sandStudiesDep叫 印しSv軸 pTs,chnqlpgy,b ci
F･､214Govemment･Street,Niceville,Florida32578,;U,S.JA.)･r -て∴イーH
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