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Fomulationofa･meltcastablegeneralpurposeinsensitive i

highexplosive

byTheodoreS.SUMRALL*andWilliam H.GRAHAM 榊

AthernoplasdcanalogofPBXW-124/)25wasformulated,characterized,scaled･upand

testedforperform anceandinsensitiyehigh exp)osiyedlaraCteristicsingenerictesttmits.The

pr∝essingdataindicatedthattheformdadonshouldbecompadblewithstean ･ketdepmCeSS-

ingequipment.Duringthisresearch,theformdationswereprocessedinBakerPerkimsmiⅩ･

ers,ho如ver,JmadL血 cttmbilitywasdemonstratedinsteamkettleequipmentwith ani血如 ;

ann)og.Th占'intenh曲 teiもrfPtm anCe aJldsensitivitycharacteristics(DetonadonVelocity,.
Cd Gapetc.).generally血owedaclosecorrespondencewith thoseof･PBXW-･124/1■25.The

formlJlationwhichwasscaledup叩d.testedwasde軸nated･TE-T7005･Withregardstohrge

scaletestresults.howcwer,comparableperformanceandexceuentinse由itidty(betterlthani

thestandardPBX')wasdemonstmied.

Introduction:

TheoverallpurposeoEthisrcsearch'proJ.eCtVTaStO

modifycurrentUSNavy(USN)PlasticZlolldedEx･

plosiyes(PBX)compositions血chもsPBX甘 -124

andPBXW -125 (whidhemployanHTPBjIPDI

Lditablebihdersystem)'sudhlthat血ecbriblebinderis

replice'dtwithaprdprietわ thermoplム岳ticbinder

kn.a asTTB_531I):2).TBiswouldreidtina

signific抑tとoStreductionofth esecomposidonsdue
: l

tothefonowingreasons.First.色mploym entoftradi･
.1･ し

tionalTNTsteamkettlesispossible,thusiliminatingり- t .1

the'needtopurchase甲 enSiveBaker-Perkins(BP)■

typeequipmentwhi血 areinlimitedavailabihbrat

GovernmentOwn ed(GO)faciuties.TNTkettles.are

muchlesssophisticatedthanBPtype eq中 甲ent-

mudhless∫甲p甲申Y早.ZLndillhigh ayaggbility申GO

Facilities;therefore,loa中ingoperati叩SCOuldcontinue

.atGPplaAtS.Secondly,becausethebinderisther-

moplasticandsoudifiesuponcooling.thecurecycle

requiredfortradidonalPBXiseliminated,further

reducingproducdoncosts.Associatedwiththisther･
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moplasdcnattweisan-in五nitepotlife' sudhthatthe

expldsive)Oadingope'ratidnisnot'd血elimitedb少vir-

tueofacuretyperea雌on/nirdlす,Iuncohtaminited

scrapcanberemeltedandteds叫.drasticallyreduc･

ingwastedisposalcosts,environ血血talconcemsand

permittingeasydemilitariZadon.Thisresearch̀con･

sistedpriThanlyoftwoi)bases.The血･st'i)baseton･

SistedofadevelopmeJ)Iand.opdmizationeffortwhichl l I ･
wasdesipedtoleadtoselectionofaiandidatecom･ド
posidontoscale-upinPhase-2･Thesecondphasein-1■̀◆
volvedtheloadingofsixteengenerictesttmitswhichこ ー... て .'I
wereessendallysteelttlbesmea甲mg宍;20cznx410m

(8in.不16in)forperEorp孤Ceaidlnsen,SitiveM叫i-

don(IM)t塔dngチ)･1).Thispaperco.vetsPhasel1.
TestresultsfromPhase-2wi11bereportedinsubse-

quemtLpaPerS･

Theory:

HydroxylTerminatedPolyButadiene(HTPB)

wasoriginallyニdevel.opedasabinderfor上Solidrocket

propenaJltSandisthereforeintendedtobtm rapidly.

EarlyPBXdevelopmentrecogniヱedthatthephysical

propertiesofHTPBallowedimprovedstress/strain
characteristicsaJldin80meinstancesdecreasedthe

BeJ)SidyityofcertaincDlPhGivesreladvetoTNTbas･

edexplosives(i.e.PBX-109).However,Explosives
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Table1 ComposidonofPBXformulations

Ingredient Vendor wt.光 and wt.光and wt.%
andTiqxe!elr2(2P)) TPBmXe_telr2(4P)) TPBmXe_te.r

2(SP))HTPB+E702 4.85+0.05 4.85+0.05

l-:44+0.05ⅠPDⅠ+TPB 0.46+0.01 J0.46+0.01

二一 -0.45+0.01ⅠI)P+Lecithin 7.23+0.

4 7.23+0.4 6.65+0.4AIPOwder Reynolds

Al腿n 15/5~ ー 20/18 26/18AP KerrMcGee 20/200 20/200 20/20

0NTO 0lin 47/250 27/250 2

2/250RDX . HOlstonAAP 5/4 20/4 20/4

sudl ZLSPBX-)24亡Ontainboth ahmimm (Al(to

enhanceairblast))andAm onium 十Perdlorate(AP(tooxid

iヱethealuminum aJ)dbinder))Whichare ↑.normalinqe

dientSfoundinmaJlyClas卓･1.I3:rocketpropell

ants.Therefore,HTPB/Al/APIPRXcomposi･I一ion

sarequitesensitiyetofrictionandunderbullet/f

ragmentimpactconditionsnormanyresultinadefla即

ationreaction.TheformulationinformationforP

BX-122.PBX･124andPBX-125isfotlndatTable

1.ThesePBXformulationsarebasedupontheinsensidvehigh explosiveknown as3-Nit

r0-1.2.41trianl･5-one(NTO).Results:A

TuokoICorp.proprietarythermophsticbinderw甲 d
eve)opedandidentiEed aB m B･531,(PatentPezl

ding)与J which.wheJ)SubsdtutedfortheHTPBbindersy

stemofPBX-122,r餌ultedinasigniBczLntreduct

ion血impactami 血ictionsensidyity(Table2).Itwast

heori=edthtbe偽uSeOfthevery瓜uidnattue1ofTTB-

531,theihdividua150udpartides.suchasAP.w

eremuchbettercoatedarid,duetothether･mopk

はticnattげeOETTJ1-531.enerw Whichwouldnonnall

ybeusedtoipiteaPBXwouldrlrStbere-quiredto

meltthebinderthusloweriJ)gtheamountofeふergy

thttheSolidparticlesweredirectly expsedto.At

theupperIihitsofthetes血gapparatusforbthfrict

ionand)'mpacttests,thethermOPhsticver･sionofPBX-122女asunreactivewhile･thePJIX

ver-sionexhibitedan exothermicreacdon.

TTB･531 hasnoelastomericcapabilityandtherehr

eisquitebritde,SimihrtoTNT.tlowever,themeltingpoi

ntisverysharp(withinaraJlgeOf2I:)aJIdQnbeshi允edeitherupordownbyinC reaS- Table

2 Sen8itiyityreductionofPBXW-122
whet).,HTPBisreplaced_with TTB-

531-Binderty7P r HT

PB m -531''Tdt'II''L

FriCdOnヽ｢ 16叩 >260Ⅳ●5kgⅠmpaCt 76ctA >

320cE).tNote:These
valuesweretheupperlimits0fthe●

testingequpment.ingthemolecdarweightofthep

olymer.AfterPBX-122wasSubjectedtoairblastte

s血g,itWZLSdeterminedthatPBX-122wasund

er-oxidizedand也er血re.therephcem亡ntStudyshoddoc

cur∫withacompD3idoncoJItainingadditional

APSudlaBPBX-124orPBX-125.BothcompoS

ido鮎 reVealedhigherairblastperformance thanPBX-1

22,however,asAPconteJ)tincreased.血agmen

tvelodtydem sed.Therefore,ahybridoE

PBX-124 az)dPBX-125twhichw占托tnd叩 Oingdeyelop

m蝕tatthesametime)wa占selectedLorthe

studyasdetanedhTable十3aJldⅦ designatedDT

S-13998.Sevin1-galloJImiXeSOfDTS-13998w

eremadeforl侃dingtest血mbleSforoveranchiacte血 ti

odathebaselinecomposition.Sensitivity,performaJ

)Ceandphysicalprob

erdesofDTS-13998aredetai)edinTable

4.DjicusBion:ExpndedtmgeScaleGapTeS血g･･(EL

SGT) ′resultedinabrackedngofcompoSit

iohDTS-13998between 52 kbaTS (negative)and√57 k

bars(Positive).ThewitnesSPhteforthetestat5



TAbfe3IComposidonofbaselinethernoplaLSdcbaseliJ)eformulation,
DTS-13998

Ingredient l JV-ndor LotNo.aJld/otType ･wt.光andDiameter(m)(DTS-1399

8)TTB-531 ThiOkol 由iヰ 12

.0/N/AAIPOwder J軸ynoldS S-40

0 23.0/5●AP KerrMcGee

3017 20.0/200NTO ･'oli

n 0990 25.0/250RbX Holst

onAAP A91031 20.0/4.3●Theodydiuezm cebetwpenDTS-13998叫
pTS-14009orTE-TO5WZLSthealtJminumpowderparticlesizewas

17mratherthaJ15m.Table4 Sensidyity,perEonzLanCeandphysical.

propertiesofDTS-13998T&t RestI]tforDTS

-13998 ReSultforDTS-14009EndoEMiXViscOsity(Br○o

kfield) 1.4kp@88℃ I.8KP◎96℃Impact(2

.5kg,NSWCapparatus) 99cn 148cqF
dction(NSWCPendulum

). 108N 112NESD'二 >45J

I >45JFirstDSCE×otherm 1

98℃ . 198℃#8CapTest NoReaction NottestedVacuumThermalStabihty 0.815

cc/g◎100℃ 0.276cc/g◎100℃SelfHea血g 98.6℃ 83.9℃NOLCardGap +@65kbm/-㊨.64kbirs(+@79cards/-@80cardS) +@63.5kbarS(-◎由 kbars)

ELSCardGap +◎57kbarS/-◎52kbars) +㊥52.5kbars/-◎48k

barS)DetqnadonVelocity 6195m/sec◎8.9cm 6434m/sec◎8.9cznConfine

d ConfinedCriticalDiameter

6.35cmUncon血ed 5.08cntJnconLinedDensity I.794g/cza I.7947g/cJCoeffidentofn erma)EXpaJ)Sionw(CTE) 4.582x

10~Sinch/inchT(-10tolOOT)10.226×10-5incb/indh下目OOto1547) NottestedThermaIShriJlkage 0.614%(88℃to21℃.);

0.00916%/℃ 0.6夕日88℃tO21℃)川.009%/℃恕 慧nrlnaenddBu,nine Btm Only NotTestedAn 8.9cnx35.6cn

(3.5pXI一l)cylinderofDTS- boc6ter･Average/steadystatedetonadonvelocity13998wasbonded

intoaschedde40pipeandboostered overtheendredhargeWas6195meters/Second･witha10.2cnx25.4cn(4･xlO･)PBXN-7equivalent hordertodeqea



decisionwasmadetoeyahatetheeLEectofl町ger

particlesizealum inumpowder.Twoaddidonalcom･

positionsweremanufacttqedinwhidhtheonlydif･

ferencewasthetype and<particlesizeOLthe

aluminumpowder8.bothofwhichweremanufactured

byAIcam nealuminumtypeseyaltutedwere

designatedasX-82日8y)andX-81(17fJ).Lab
scale8enSitivities(i.e.impactandfriction)forthe

compositionscontainingthelargerpartidesize

aluminum powderweresigniBcantlyless sensidye

thaJICOmpOSitionsmanufacttwedearliercontaining

5FLaluminum .Howeyer,intermediatesdlesen･

sitivities(i.e.Critical diameter andcardgap)in･

dicatedthatthecompositioncontainingthelarger

sizeAlpowderwassomewhatmoresensidyethanthe

5F･analpg･neFPmPOSitioncontainingthe 18f･

aluminum powder(DTS-14002)hadthelowest

viscosity (I.5kp@ 93℃) and bestflow

dharacteristics,howeyer,･thecompositioncontainizlg

the17paluminumpowderwas8)'gnificant】ymore

yacuum thermallystablethanthecompositioncontain-

iJ)g18F,Al (0.276cc/8-ys.-0.892cc/g).TheI7

FLand18FLaluminumcost($3.06/ks and$3.01/kS)

was8ignificantly)overcompared tothe 5p

ah血 poder($I1/ks).Addidonany,txdhX-81and

X-82alumi numpowdersareavailableinquaJ)dties

requiredforlargeprodudonyolum es.ltiscalculated

that(atamNTOcostof$11/kg)therawmaterial

costforaFOmpO5itioncontainingX-81AIwouldbe$

6･07/ks($2･76/lb.)comparedto$7.74/kg($3.52

/)b･)forthecompositioncontainiz)gthe5F'(S-400)

AllInaddition,totheaboveadvantagesoftheX-81

AllParrbombanalysisindicatedthatthecomposition

containingX-8lAIwassigniBczLntlymorethermalIy

reactiyethaneitheroftheothercompositionscontain･

ingeithertheS-400orX182Altypes,andtherefore

shouldresdtinimprovedairblastdlaraCterisdcs.

Detailedinfo-ationabouttheParrbombtedmique

aJIdtestresultswillbep-entedinasIJbsequent

paper･Acompositioncontaimizlg23% 17F'AJ(DTSl

14009)wasscaledupandtested.
Resu)ts.I

Tab)e4detaibasuJnmaryOEthesensitiv)･ty,pertor･

manceandphysicalpropertiesofDTS-14009.
ConcJusions:

Theformuhtion･characte血 tionandscale-upoE

thermoplasticBLnalogsofPBXW-124/)25wasstJc･

cesshllyaccomplishedinthefirsttwophas60fthis

pro即am.Seyeralimliortantconclusionscanbedrawn

basedontheresdtsreportedandsubsequentdata

hTOmPerforTnaJICeandsensitiyitytests.Detailedper･

formancepdsensitivityinLormationwillbepublish･

ediJ)iubsequeJltPapers,however,theEoIIowizlg00n･

dusionsarepreWnted.

1.ThennoplaBticanalogsofPBXW-124/125can

besuccesshllypr∝esSedin血ker-Perkinsmix･

ers.Qasedonviscosityandflowm髄 urem eJItS,
theauthorsareconfidentthatthe8eformuladons

canalsobeprocessedi血steamkett)eequIpment

8inceinertanalogsoftheseformulations

(employingthesamebinder)havesuccesshlly

beenprocesd insl也mkettleequq)meれt.

2.ThecompositionDTS-14QO9 (TE-T7005)

whichcontained17F,lovcostalumintm hada

higherdetonadonvelodty(6434h/see)and

lowercriticaldiameter(5.08czD)thzLnCOmpOSi･

tI'on DTS-13998 which contained 5p

a)umintm,andhadadetonadonvelocityof6195

m/see(whentestedatadiametdoi′8.9cm

(3.Sin.)con血Ied)andacridcaldiameterof

6･35cm(2.5in).TheNOLandELS.Gap'Tests

EorDTSl14009(NOL+65/-64,ELS+57/-

52kbars)Showedslightlygreatersehsidyity

thanthecompositioncotltaining the Sv

aluminum,DTS-13998 (NOL+63.5/-85,
ELS+52.5/-481【bars).Thedecreasedcritical

diametcrandincreasedshocksensidyityandper･

EormaJ)CeaSSOCiatedwiththel叶酢 rpartide由e

aluminumisexplainedbythetheorythatthe

alum intm powderactsaSabuuertoh由一relard

thepropagationoLadetonationw e･neらll

aluminum powder･thereEorc･wouldhayPaI

muchlargersurfaceareaandwouldhelp

dampenthedetoz)ationwareresul血ginboth

dcq easedseJISidyity andperEomanceasnoted

above.

3ITheintermediateScalepe血rmaJICe(detozlation

ve)ocity)andsez)sitivity(Cardgap)Valuesofthe

thermoplasticaJ)alogforndadonSWereClose)y

rehtedtothecomparablecast-cureHTPB/IPDI

PJ3XW･124/125Eormu】ations.TheNOLand

ELSGapsensidyjtyisalmostexact)ythesame

asPZLXW -)24/125･Themuchharderplymer

matrixdoesnotseemtoatLectthecardgapsen･
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sitivity.lmfact,subsequentbullet.fragmentand

sympatheticdetonationresultsonDTS-13998

(laterdesignatedTEIT7005)yieldedmuch

miIder聯pOnSeSthaJ't恥甲mPar叩輔 BX一124
/)25HTPBanalogs.Theseresultsthemselves

disputethe)ongheld(butuhjus雌ed)beliefthat

a"softandpliable"binderwasnecessarytoin･

stuemildresponsetobullet/fra早mentimpactt･,I I.1● ･ I.I II･

testing.Thetsp血SOrSOfthisappa血 tly血Ise

theoryfailedtorecognizethatmaterialsevenas

softasJell-0,whenexposedtopressures

daracteristicofadetonation,willinfactbecome

compr鰯edtolthepointthat.they'appr,Oadl

Stress/striin･characti血ticsresembling′con･
crete｡Therefori,selectionofa･binderwhichis:I

JnuChlessreactivethaJIHTPB.,whichabsorbsin･

putenergybymeltingratherthantransmitdn豆

theenergytotheenergeticsohdsand.,whichaIBo

insuressigm述CazltCOadngandprotectioTiofeach

individualreacdvepardcleismlldlmoreimpor-

tantwithregard岳tomildbullet/hgmintimpact

responsethanthephysital propertiesof.:the

binder.
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溶解性で注型可能な汎用不感性高性能爆薬の組成 ､
) † ∫,I

･ThiodoreS.SUMRALL+,WiniaJnH.GRAHAM 桝

1･ I. I

:,)

熱可塑性でないPBXW-1'241/125.と同等になるような熱可塑性爆薬をつくることを試み

た｡実用サイズまでスケールナ･Jプすることにより不感性高性能爆薬の特性を求めた｡銑

鉄結果は本組成が蒸気加熱を用いた製造装置によるものと同等であることを示したi本研

究で用いた組成物はベーカーlバ二重ソスの ミキす一によって製造されたが,その製造性は

蒸気加熱による製造方法と同等であることがわかった｡爆薬として中程度の也能と感度特

也(爆凍速度,カードギャップなど)はPBXW-124/12.5の特性に近いことを示し串∴i?■1｢

組成をスケ⊥{7ッ.7'Lて試験 したも毎 羊TE-T7005として董卓された｡.大規模な試執結ドl

果によると,太研究による組串物は標準的なPBXと同等な性能でありながら撞めて低い感

度を有していることカモわかった｡
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