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Explosivepropertyandmechanicalcharacteristics

ofthetrialPBXconsistingofRDXandHTPB

Jun'ichiSATO●,MasanoriSm 事.TakeshiITO●

IthasbeentriedtopreparethePBXconsistingofRDXashigh explosiveandHTPBbeing

usedasbinderinthefieldoEcompositepropellantwithayiew toobtairLingexplosive

elasto-phsticity･SincethePBXmakesitpoぉibleEorustopreparethethinandtoughex-

plosiyes.onemightexpectthatsuchaexplosivewouldbeappliedtoexplosiyeworkingtoac-

companyonlydeEorTnationwithotJtdestruction.

From suchaviewpint,VadotLStestsWerePerformedonexplosiyeproperties and

znechaAicaldhanmi ticsoEthetrialPBX.

Itisevident血m the(es血 gresultsthatthetzd PBXhasgreatpracdcalu山ityinthe

fieldofexplosiveWorking.

I. Introduction

E88entialpropertiesrequiredasaplasticbondedex･

plosive(PJlX)arehigh detonationyelocityandhigh

materialstrez)gthofhigh polymerusedasabinder.

Therefore.hexogen(RI)Ⅹ).octogeb(HMX)aJ)d

penthrite(PETN)as explosiyeforPBX caJ)be

Selected.aJIdayadotukindsoLhigh polym erscanbe

adoptedasabiELder.Butitispreferablethat8udta

binderhasaexcellenthffercapacitytoimpact,as

wellasrubberlikeehsdcity.becatwethematerial

characteristics oEPBX are reBulted from

charactedsdc80Ebinder.

Consequendy.pmyidedane9BCdlentebto-phSitidty

ofthePBXcanbeachievedbymakiJlgtWeOfhigh

polylner.ithsbecomeFeasiblebpreparestringor

nexiblesheetexplosiye･Itiscontemplated that

suchatrialPBXispd:intopracticeiJ)thefiddoLhLZe

udbingaswellasofexplosiyeworkingaJIdexplosiye

forming.

From theaboyeviewpoints.ithsbceJttried

topreparethePBXconsis血goERDXandHTPB
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(hydroxy-terminated polybutadieJle)1〉 being

availablecomponentinthefieldofcompositepro･

pellant2日 I andtoinvestigateexplosiyepropertiesfor

thetrialproducts･

hthispaper.experimentalrESultsonvariousex･

plosiyepmpertieSaZIdmaterialchazacterisdcsofthe

ぬ lPBXaredescribed.

2. Experirnents

2.I TestpieceUsedinexperiments

RDX(psshgthrough 6lpmscreen.puritymore

than99･8%)ofahigh explosivevmsI)sed.HTPB

qTaSadoptedasabinder.IPDI(IsophoronediisoI

cyanate)oE7.1wt.%waSmixedtoHTPBasacuring

agent.ThemixturesofHTPB and IPDZwill

hereinafterbeabbreviatedasHTPB.ThetrialPBX

waspreparedbymixingRDXandHTPB.chaJ)gins

theradooERDX/HTPB=80/20-55/45(vt.?./)

with5%poTtio7IOtRDXaLndHTPB.re坤 iyely･

haddition.EorthepurposeoEpreyeJltaccident.by

addingwithSmallaJnOurLtPrtionsofRDXinHTPB

monomerofprescdbedamount,themixturewas

kneadedtogetherover30minutes.then.ctJredin aJl

electricdesiccatorat70℃Lop24hotws.

2.2 Drophmmertest

hordertoinvestigateimpactscnsidyityofthetrial

PBX,thedropbammertestwascarriedoIItinac･
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cordancewiththestaJldardES-21(I)I).Thesizeof

thetestpieceadoptediJ)thedrophammertestwas2

田 Cube･TtLetestpiecephcedhatinfoilplateof12

ロhdiameterWasheldbetweentwoironcybder.h

sudtasittnb'on.anironhanznerof5kginweight

wasdroppedonthetestpiece.haccordaJICewitJIJIS,

I/6expbsionheightisordinaryestimatedincmarid

sensitivityoEexplosiyetoimpactwaseyaLtntedby

diyidingtJ)eheigh(hm rlrStcusstoeighthone.

Wh ile.onthepresenttest.1/10explosionheight,

thtis.theheightDLoneexplosion(pd)intentest.

weremeasuredhaccordancewithASA(Am edcaz)

StaJIdardA防∝血血n)i)iJ)Ordertom止estJmSafety

andtoexploredireCllythedeqeeoE血nger,

2.3 1gnitiontest

lpidontest(Krupptype)67oEthetrialPBXⅦ

perforTnedtoinvesdgatescA9idyitytoheat.Thesize

oEthetestpiecewasthe弘meaSthtoEthedrophm-

mertest･AfterthetrialPBXwasplacedinthetesting

hole.theipitiondelayperiodwasmeasuredat

varioustemperahlreS.Fromtheresdt8Obtained.the

ignidontemperattueat4secondignidondelayperiod

aJldtheacdyadonenergyaredetermined.

2.4 Dotonatjonvelocity

DetozLadonyelodtiesonthetrialPBXproducts0b-

taiZledbyyam首composidonhthemannerexphhed

aboveweremeasuredbythetJSeOh treak camera.

aJldthetestpiea sforthemeasurementSWere

preparedSeVenloneseverycomposition.Thetest

pieceswerepackedintopolystylenepipeofI2ainiJ1-

nerdiameter.16ロコinoutsidediameterand230n in

lengthwithpressingiJIthetimeofpotlifeofHTPB.

andcurediJlallelecbicdesiccatorat70℃,24hotm .

Thedetonadonyelocity caJ)t*deddedhmthe

length oEexplosiveaJldthedetonationtime.ne

detoELadontimeiscomputed bm sweepmteof

Streakcamera andthedJnehgcausedbythe8Veq)

rateonaphotographic瓜m.
2.5 CriticaldbmeterteqEondotonBtion

CriticddiametertestwasmadetoinyeStipteproI

paptionofdetozLationonthetdalPBX.Onthetest.

thetrialPBXconsish gof55%wt.RDXaJld45%wt.
HTPBⅦ used.TUBisbecatwetheぬ IPBXhas

most血 msidyitytoimpactonthedrophmmer

testzLndalmosttnostmhoramotntofRDXinthedl

prodtKb.Sdhed cdiasTaJnaJldtesbgdimcndonsof

thePBXofconicalt耶 iBBhovTIhFig.I.Forthe

Em tviev (tnlt:E))

pIBrM!



Tablo1 SpecialqualityofthetrialPBXconsistingofRDXandHTPB

RDX/HTPBwt% Unctwedstate CuredBtat

e80/20 RDXinwettimg nonnexibility. f柑dlesomehowprN tOpaCk possibletocutb

ykmiLe75/25 hrgephstidty shghtpkLStidtypresstopack possiblet

octltbyhiEe70/30 glutinous,S
ddg nenl)ihtypressreadiIytopack

mtreadilybyhiLe65/35 glu血ous.fulidi
ty fl∝ibility.softpresSreadilytop

ack cutreadilybybiLe60/40 miuetjeuy,ftuidit
y izlCreaSingnexibilitypossibletopourin

tOyessel mtreadilybybliEe55/45 milletjeuy
.hrgefluidity hrgeAexibilitypourreadilyintoyessel deyn'slonpejel

ly3. RC8Ultsandconsidorotion3.I

Char8Cteristic80fPBXhprep8riqThephysicalprop

ertiesoEthetrhlPBXbeforeandafter.curingareg

iveninTable1.ThecuredPBXinwhidlbehgcontai

ned80,才RDXisbdtdeandiseasi･lycracked.nose

containing60or55%RDXisdiL-rlCdttoworkbecause

ofobvioussofteyerLafterbeingcured.NevertheleS

S.thetrialPBXwasinseparable.lnthecaseofbin

derhavingrigiditysudlaSEP8150rplystylene,thecur
ingleadstOalloEtherigidpro,ducts aJldthen.

brittlefねcttqesoccur.FromthevIevphtofcasiAeS

inprocessingthetrialprdtlCtSconsistingOfth

ecompositionratiooERDX/HTPB=75/25-65/35aJY

best,whereasaftercuringtho詑Ofthecompositionratioof70/30-60/40areeasy

tohan･dle.3.2 DrophmmerlostExperimentaIresult

soEthedrophiLmmertestOEthetrialPBXvereindi

catedinFig.2.Theexperimentalpintsobtained

are1/10explosiotLhdghtsinmm.AsisseeniJ)Fi

g.2.intherangeoERDX/HTPB=80/20-65/35.1/

10explosionheightindicatesap･preciablelowh
eめtaJldslightyadationovertherangeErom180皿

tO220zzEb.TheseresdtS凱唱geStedthatthiskindoEt

het血lPZIXiscomp ratiydyapttobe叩 lod

ycs･netrialPBXconsis血gofRDX/PBX=60/40has

provedtobeinsensibletoimpcthmthehctthat1/10explos

ionheight(610dZb)roseSteeply.Bytheway.
1/10expIo8ionheightonpowderedTNTi8350q).TNTiSthecl舶80fcompundex･ D1 50.
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e のFig･3 Plotsofign
itiondelayperiodvs.ipitionteJn

Perature1.3 1.i I.5 I.a

(1/T)XJOJFig.4 Arrh

eniusplotsonRDX/HTPBT:ignitiontenperatu

Te(K)0:ignidondehyperiod(S)residueremairLe

dillthetes血gholeaftert岱t.Theresdtsofigni

tiontestareshowninFig.3.AsisseenfromF

ig.3.ignitionpointoyertherangeoERDX/HTPJ

1-75/25-55/45aredistributedclosely.At･temptingtodeterminetemperatm a14S∝on

dipIi･liondehyperiodafterphcedhthetestinghole,the

rlOt6.8LC′~ヽtI G.4■=16ヽ■■白

6.26.05.8

帥X 80 75 7P 85 60 5SJrrP8 20 25 30

35 10 45TL.%or出はd JTTTqFjg･5 Plotsofdetonationvel∝ityys.comp

ositionratiooERDX/HTPBignitiontemperattue

sonRDX/HTP8-70/30and60/40canbeestimatedas42

0aJld460℃byadottedkneinthefigure.respect

ively.Am henitLSplotsoftheignitiontemperature

ve門;tBtheignidondehyperiodtemperattLreatein

dicatedinFig.4.ItcanbefoundFromFig.4thatthe

acdya･tioneJtergyLordletrialPBXaTelot.3.174.4.1

84.4,216.0,217.0zLnd228.4KJ/nottoRDX/HT

PJl=BO/20.75/25.70/30.65/35,60/40aJld55/45,re

Spective･Ly.ltisunderst00dthattheactiyatione

nergiesin･creaseaccompzLnカmgwithincreaSlngi

nHTPJIcon-tentordecreaSlnginRDXcontent.This

isdependentonhcreiLSingln energyrequiredtoipite

HTP8inpropo7tiontoHTPBcotttezIt.h theaseoy

ertheraJtgeErom80to75oERDXcontent.theae

tivationenergyincreasesSteeply,illSpiteoE

aslittleas5形decreiLSmgOERDX.EyeniLtheirLCr

ement80LHTPBiS5wt.光.anamouJ)IOEairbubblemin

gledwiththetrialPBXdecr現駅SSteeply,thetddPBX

becomes,itself.dense.Bcatweofthehealcond

uctionofthetrialPBXbecomesdiWICult.theactiyati

onenergyofthetrialPBXsccmstobeurge.Thissq

EgeStSthatthepresenceoEHTPJlise触 iyeexceedhglyi



Fig.5 illustratestheplotsoEthedetonation

yelocitieSmeasuredversusthecompositionratioof

thetrialPBX.Anapproximatelylineurehtionship

exsistsbetweenthedetonationyd∝ityandthecom-

posidon.compaTedwithyaTiationinSPeCiEicgrayity

withthecompoSitiol1evertherangefrom60to75wt.

形RDX.Thedetonationyelodtydecreasessteeplyin

theraJlgefrom60to55wt.%RDX.Thedetonationof

thisPBXmightbedependedonSym Pthedcdetona-

tionofRDXtm useoEinC陀mentSOfHTP8inRDX

/HTPB=55/45.Sincethemeasuredyaluesof

thedetoTutioTIVel∝itiesonthetrialPBXwerebeyond

5,500m/S.ThiskindofPBXmayt光adoptedtohigh

explosiveinpracticecompadngtoTNTasacom-

pundexplosive.Variousdynamitesasexplosivemix-

ttwesbeingusedtISually.
3.5 CriticddjernetertestOndoton8tion

CridcaldiameterondetonadononthetrialPBXcon･

sistingoERDX/HTPB=55/45Ⅶ measured.As can

beseeninFig.6.thetrialPBXwasdetonatedcom-

pletelyeven2cDdiameter.Therefore,itisassumed

thattrialPBXcontainillgRDXmorethan55%wt.is

abletodetonatestmICientlyupto2也diameter.To

coTtEirm theaboveassumption.thedetonation

velocitiesolthetrialPBXhavingtheSamedimention

asthatusedonthecriticaldiametertestonsteelplate

weremeiLSuredbytheuseOEstreakcamera.The

resultobtaiJtedisshownimFig.7.1tcaJtbeseeJl

fromtheLiprethatthedetonationoEthetrialPBX

hasnoinnuencebychzlgeSindiameter.b∝ ausethe

detonation叩readswith coTIStanIVelocity.The

detonationyelodtyoEthePBX,determinedex-

perimentally.is5,丁oom/ら.Furthermore,the

rod-shapedPBX aslargeas4EEZbdiameterⅧ

detonatedbyusingNo.6capontrial.bea tBethe

F=i9
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Tt.暮oE臥 mFlg･9 PlotsoLstraiJIYS.COtnPOSido7日adoof

RDX/HTPBm 20 25 30 35 4

0■l.orFt)I.m

Fjg.10 PlotsofStreSSVS.COmpOSitionratiooL

RDX/HTPB+:50%compressionstress○:max

.streSSincompressione:Sheahgstress年:

mzLX･StressintensileFigs.9and10.Fig.9de

pictsplotsofstraintotheeverycompo6idon

oEthetrialPBX.AsshownintheFig･9.althoushthe
smi oEthecotnpositionofRDX/HTPB=80/20i

ssm札 thatofthecotnposidonleBthzLn70%ofRDX

contentiJICreaSeSabnlpdy.SiJ)Cethecomposidons

oERDX/HTPB=75/25-65/35arewelトbalancedratio

s.stminbecomeurgeimpropor･LiontoiDCrtnSeinthe

amotntsoEHTPB.Wh ile.thecompsitionsofRDX/HTPB=65/35､60/40reSdth thelimitingratio.hthecase

oftheradoof60/40-55/45,thestrainappearsto

approachaninherentvalueoLHTPB.Therefore.i

tis飢lggeStedthtbrgeStrainon55/45compositionde

pendsonrubberlikepropertyofHTPB,ぬ usethestraiJ)incre

asewithoutcrack.Fig.10showsplotsoLthestressvalue

atthattimebrokeoffthetestpieceontensiletest

againstthecom･positionratioandofthestress

ⅦlueatthattimeoE50形compressiononcompres

siontesttoo,inaddidoZ)tOmaximumstresswithin

aproportionallimitoftestpteceonboththetezISi

leazIdcompresdontest.BoththebreakirLgBt

leSSaJldthemaximumstressontensiletestshowaBhil

artendencytOCOmpOSitionradoofthe血 lPBX.Onthe80%～70
%RDX,astheirdhaJTaCteristicsare

dominatedbytheamotJJltOERDXindlebillPBX.dterei

sauttJeeuectofHTPB.Neyerthe1-ess,blow70%

RDXthedd coEm BappemtoI)edominating

causeOEthewhole,therefore.itcanbeconsider

edthatthereisnotverymuchchange.hthecaBeS

OEthecm蜘 Iesthan70%RJ)X.txAtheStre弼Sate COnS

tWtregardlessoEthecomposi-tions.払nsequentJy,

intheaboveraJlge.itb∝ ameeyidentthatthetensi

lesErezIgth oEthetrialPBXdependssigniBcaJtd

yonmateridstrengthoEHTPBaJldisindepend

entoLRDXconteJlt.Fromthefactthatthevalue

oE50% compressionstressisbeerelativetothesmallyalueofthemはimumstru

withinaproportionallimit,thecompressionoEthetrialPBXcanbereprded asbeingproq essa

Bitiscrackingin anearlystage.･Thtistosay

.thet血lPBXhyhghighcoZIteZItOfRDX isⅥ血erability.h thecaseoEtheRDX

/HTPB三55/45.itwasdifficulttod)'8tinguI'Shthemax

imumstressontherecordingpaperbecauseofthe

easinessindeEonrLation.ItczLnbesaidthatthetr

ialPBXconsistingoERDXandHTPBisexcellentinab

sorpかenesstost7ikingeJtergybecauseoEitsabu

ndaJltelastO-phstidty.Itmaybesaidinth

isCOnmeCtionthat,thecompoundex･plosivecyclotol(RDX/TN

T/wax)employingusuallyhasthemaximum comp帽Siye如 engt

hoE5.0MPa,aJIdd)em血 mteA8neStrengdl

of1.2MPa8)･4. ConcruslorIExploSiveproperties
aJIdmedhan icalcharacteristicsofthetrial PBX consisd



pedments.OJtthepresentexperimentalresdts.the

Eol)owingpointsShouldbemarked･

(I) PressingforpackofthetrialPBXhtheprepar-

ingstagebecomeseasily.asthefluidityofthe

compositionincreaseswithanincreaseinHTPB

contentsoyer30wt.%.Ontheotherhand.from

theresultsofthedrophammertestandthe

mechaJlicalcharactedsdcs.theexplosiveproper-

tiesolthecuredPBXcanbemaintainedproper

爪exibilityovertherangeofRDX/HTPB-75/25

-65/35.

(2)netrialPBXCOnSis血gofRDX/HTPB=55/

45becomesmo虹inseTuidvetoimpactonthe

dropbmmertest,aJtdithasthemostactiyadon

energyo7Idieipidontest･W拍e.otltheRDX

/HTPB=55/45.bmtheresultsofthecritical

explosivediametertestandthethin and血icken

explosivetest,itcaJlbeexpectedtoini血tecom･

pletelybytheuseofNot6Capanddetomtedin

stationaryeyenassmallas2mdiameter･

tntotore8ult9fromexperimentaltests.itCanbe

consideredthtthetrialPBXconsistingoEthecom･

position ratiooERDX/HTPB=70/30and it8

neighborhoodisapplicabletoexplosiveworking･
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RDXとHTPBか ら成る試作PBXの火薬的性質と枚枕特性

佐藤純一'.新開正則暮,伊東 或'

弾性と可換性を備えた爆薬を製造する目的で,爆薬成分としてRDXを.パイ'/ダー

成分として推進薬の分野で汎用されているHTPBを用いて高分子混合型爆薬 (PBX)

を試作した｡これが出来れば細くて折れにくい爆薬の製造も可能となり.破壊を転こさず

変形のみを起こさせる爆発加工の分野に応用出来るものと考えられる｡これらの奴点に立っ

て.RDX/HTPB系爆薬の火薬的性質と故枕的特性について実験 し.換肘した結果.

これらの特性に畦れており,実用に値するものであることが分かった｡

(●防衛大学校化学教室 〒239横須焚市走水 1-10-20)
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