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InfluenceofCarbonBlackonCombustionPerformance

ofRDX-CMDBPropellant

LiShang-wen+

JnnuetlCeOtcarbonblack(CB)onbumingrate(tL) andpressureindex(～)ol

high-hcJ)IRDX-CMDBpropetlantareinvestigated.EightkindsoECBwithdiEEerent

SPeCirICAtioni)ndoEdiEEerentsourcesareused.Itisobservedth8日heAdditionOECB

intothematrixplaysAkeyroleinreducingII.WhentheLeadsaltofarotn81ic Acid

andthecoppersaltoftattyacidarepresentindcrinileproportion.Theresu)lsolez･

perimenLshveshownthatpresenceolheat-resistinga'om81icacidlead,which be･

ginstodecomposeabove750℃,isnotanecessiAryPreconditionfordccrcasingA oI

Ahigh-heatpropellanl.However,thepattictediameter(a)○ECBmaybeanimpor･

tAntCOntrOLfactorAmongVariouschemicalandphysicalpropertiesoICB.And nei･

tht:rveryrlnCCB(-5mp)mo†c瓜rSerCB(-63mFJ)Candecreasethevalue oETL

obviously.whiletheCBwithmedium a (24-35mF')canexertabettereffectforim･

provemerItOE～.

WchavealsoobservedthattheinnuenceotCBonburningperrormanceofRDX-

CMDBprope))antissimilartOthatOLLow-heatDBpropc)hnt.

SomcphenomenaoEexperimentsareexplainedqualitative)y.

1.lntroducuon

lthasbeenwtll)-krLOWrLSinceearlytimes that

carbonblack(CB)physaroleoEopacifierorra･

diAtion-resisting.Lalcr.wilhthedevelopmentol

pl血LeauDBpropcIlanls.whi】cresearchingtheeE･

reelorVAriousleadsaltsasphteaubalListicmod･

ilieronreducingpressureindex(A)OtDBpro･

pellant.peopletound])thatburningrate(tL)Of

propcllantcouldbcraisedgreatlybyCBandcq ･

tzLinoEdyes;andpLatL･AubtJrningratewashigh･

IyincreasedwhencontentoEC8WZLSlower(血 u1

0.2%).Buti【CI～wasover0.5% Ofamount,TI

bccaTnebigger.Andplateaudisappeared when

morethJ)n1%.ltwasalsoshown一hatburning

r8tCOEDBpropellantwilh4%p-resorcin lead

and0.4% CArbJllac1CB.whichheatofe9tPl由ion

cqualcd1350Gal/g.Was28mm/seeat77.3kg/

cm3whichwas38% higherthanthosewithout
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CB.

ForthetactLhtbtJrningratecanbeincreased

byCB.A.rl.fleNN亡HIK consideredl)thatCB

inhibitsparticlesofleadcatAIystoncombustion

surfzLCefrom ptheringAndkeepsthemc一osingto

combustionsurhce.sothatCatalyticactiyity oE

theleAdsaltsisincrcaSCdandtJ,aSresult.irt･

creased.D.T.Hewkin Lhought3)thtCB was

agoodcatalystrormanyreactionsolgas ph8SC

andagoodcatiLlystcarrier8SWellarLditseemed

tobctheactivecenterwherlleadexists. Chrbon.

bothprodLJCedbybtJrningoEDBpropeLhnton

combtJSLionsurtaceandaddedinto therormuIA･

lionbeLorchand.couldaCCelcrAtetheexothermal

reactioninwhichNOwasreducedLoNInear

thecombustionsurface.leadingtotheincreaseor

zL WithincreaseOlpressure.Carbon(orCB)wits

oxidatedcontinuouslybyNO.sotLWASdccreBSed

graduallyand～becameSmaller.

PeopLeareinterestedintheelfcctoECB J)nd

othercatA]ystson combustionperlormAnCC OI
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Table1 EffectoECBtypes,chemical

Lestnumber CB Produc.tiOn use ArithmeticJneBndiameter(eLectrorLr chemicAJAndphysic81p一〇.sSpue,fCitleC(electron iodineAdsorp血n Oilbs ti PH ash

VohtileSNO. Symbol prOCC舶 mlCOSCOPemethod)mfL microscopemethod)Ml/g mg/g

a OrPOnml′g % %l T furnace rubber 63.3

- 29.9 0.59 9.6 0.23 0.42 E thermaldecomJm.lion belter

y 34.9 85,9 87.5 3.42 5.6 0.05 0.I3 ZG furMCC rubber 26.6 101.1 142.6 1.34 9.2 0.

25 0.64 Zl ′′ ′′ 28.5 97.5 125.I 1.

15 8.7 0.14 0.75 Z2 ′′ ′′ 27.I 95_5

128.1 0.99 7.4 0.32 0.76 Z3 ′′ ′′ 24.

4 10&0 136.I 1.26 7.9 0.12 0.77 H rLreroom ′′ 30.6

91.8 -90 0.99 3.2 0.01 3.88 X rollingcylinacr coating -5 (BET

)440.6 - 1.65 3.I 0.17 6.40 BasicrOrmuhtioTt
(WithoutCB)i.sanCMDBpropeHanlcontainingRDX(19%).AI(9.5%)andⅠead-coppersa)ts.Ther

ateoHead-C○ppersaltsisl:0.30Note:exceptsampleNO.0withoutCtl.eachofsamples(NO.1-8)

contains0.4% CB.CMDBpropellantcontainingR

DXandAIwhichisthesubjectotthisp叩er.Ac

cordingtoKutntzLli.becauseoLtheobvious

diEEerences betweenchcmicALandphysicalproper

tiesoEni此れinemdAP,thestructuresoEcombust

ionwaveoICMDBpropelhntsconlAiningnitmrni

neandAParcdiE･(erentACCOrdingly.Thefor

merissimilarloDBpropeLhnt.ThereEoreitmaybc

estimated thateEteclo【CBoncombusliono

fCMDBpropellantcont41rHngniL

TAmineissirnilartoDBpropellant,andcan

beexphirLedbyAforesaidtheories.2.S8rT

IProandmethodoftestThebasictormulatin(w

ithou一CB)isanCMDBpropellantcontainirLgRDX(19

%),Al(9.5%)andlead-coppersalts.TherateOEle

ad-coppersLIILsisl:0.30.Aconventionalme

thodwasusedtoprepareSZLmplcs,Lc.sLurry,

rollingAndscrewextrusion.Thestrandwas4mil

Limcters diELme･terand130-140millimeters

long,coating withirLhibitor.BurningrJ)tCS

Olstrandswere mcas.uredinaCrawlordbombandnwasther

Lre･duced.Thechractcristicsofsomesamp一es

wereexaminedbysmalltc81motors.3.EffoctofCB叩eCific8tion CarbonblackmAinLyisusedi

nindustrialpro･due(ionssuchaSrubber.printing

inks,coatingandplastics.Therearemoretha

ntwenty itemsofspecirLCationforCBaccordingto

diELcrentre･quiremenloEuse.SinceCBTnAirL

lyisused a8coTnbustioncAtblys(insolidpropelhnL.w

eputotJrempbsisonlyorLthelo)lowingproperti

esOECB:pzLTticle-Sizc,specirICSurfaceArea.St

ructure.PH.yoLatiles.hydrogenand

oxygencontent.conducti･vity.etc.andtheir

effectsonl▲andIISOAS tOFindtheinne

rrelationamongthem.Carbonblackprincipallyis

madeEromc8rbonswhichhavenatureoEsub-graph

i【oidmicTO叫 .ItspaTtiele-si王eisyerysmal

l.varying-ron 5 to500mfLWhichcaTtberepr

esentedby zLTithmeticmeandiameter(a).Tho

ugh its叩eCilicsurEaαcanbemeasuredbyelectron-

microscopeAndBET.measurementwillbedoneq

uicklybymeansOEiodineELdsorplionwithwhich

thevAhJeOb一Ainedisapproxim8Lelyequal10thatWithBET. The

strLJCtureOECBcanbeshownbyoilAbsorptionvalue,thebiggertheoilabsorptiorL,thehjghq



Andphysic8Lpropertieson… nd～

perties〇一CB p-125kg/cm2 PrcsstJrCindex

nC% H% S% 0% burningratetL crataⅠySiseEficiency Pressurer且ngekg′cm,P= 80 ダニ100 P=125 P=l50

ダニlOO P=lOOmm/scc tLhLO -100 -125

-150 -175 -150 -17598.6 0.37 0.30 0.33 15.17

I.06 0.33 0.49 0.63 - 0.56 -99.6 0.14 0.13 0.06 2

0.08 1,40 0.39 0.24 0.22 0.24 0.23 0.2398.2 0.41 0.

JI6 0.60 19.61 I.37 0.35 0.22 0.28 0.43 0.25 0.3198.0 0.47 0.27 0.98 20.62 1.44 0.40 0.34 0.22 0.36 0

.28 0.3197.4 0.2番 0.33 1.55 20,92 I.46 0.41 0.39 0

.31 0.34 0.35 0.3597.8 0.36 0.50 1.09 22.22 1.55 0

,40 0.37 0.38 0.30 0,38 0.3593.4 0.97 0.20 5.32 21.69 1.52 0,39 0.26 0.18 0.41 0.220
.
28

-
23
.
58

I.65 0.47 0.32 0.56 - 0.44 -tlnd.lead-copper 14.31 1.00 0.34

0.45 0.65 0.88 0.55 0.66(EIJ召)n〇一tuatJ一tJJ

Ttq 10 2
0 30 40 50 60 70
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Fig.
1E EtectoECBparticlesizeontLand～

wit hdifferentsp eciFic8tionandsourcesontLand

～oEnitramincpropcuant.
Range ottheCBspeciEicAtioninTAble1areas

EoHows;
PH-(ron3･
2to9･
6;

structure (Shownbyoil8dsorption)-from
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Fig.2 ELEectOICBcoTtlentorltLandn

18r･However,iTtraisingtJ.aandspecificsurEACC

orCB playanimportantro)ewhichissimilar

tothatirLlow-heatDB propellants.Asshown

inFig･1andTableI.aisinverselyproportional

tot'andtherelationshipofa-andt'isApprOXi･

matelylinearintherangcoEa=63-25m〝.

thatis.theslopeoEthecurveisbigger.Forcx.

ample.whenadecreasesfrom63Jr)F'tO24-34

mfL(l/2-I/3oEtheoriginal),t'increases by

l.37-1.55times.whileadecreasestro机25to5

mfL(1/5oEtheoriginal),tLjustincrt:ELStSby1.12

times,i.L･.thecurveslopesgently.Moreover.in

respecttoimprovementorIIrrOm Fig.1itzLIso

cartbeseenthateJ;CCptCB(T)andCB(X)the

othersixkindsoECB(H.Zl.3,ZGAndE)

whichhれVediEEerentspecificELtionsandcomefrom

di打erentmarluEaCttlrerSCanreducen)ess than

O.35overthepressurerangeofl仰 to175kg/cmt.

theoptimum nbeing0.23byusingCB(E).

Perhaps.agoodcondtJCtivityofCB(E)i90ne

ofthereasonsthatlowers～.Am ong血esix kinds

oECB.therearefourkindstohayeAlcss than

O･3overthepressurerangeof100-150kg/cmt.

TheorderofCBcanbearrangedaSfollowsac･

Cor°ingtonvaltlefromsmautobig:

E<H<ZG.Zl<Z2,Z3<T<X.

NeitherrtneCB(-5mFI)norcoarserCB(-63

znJ,)candecreasethevalueol～obviously.while

thecBwithmedium a(24-35mFI)canexert a

bettereflcctonimprovingn.Thefactshavethere･

foreshownthatamongmanychemicalandphys･

icatpropertiesofCB,thein爪uenceofaAndspe･

cificsurl8ccOECBonimproyingnandt̀mayt*

importantcortlroLindeJ:eS.

ItisspeciaLinterestingthatCBiserEiciencynot

onlytoincreaset▲oERDX-CMDBpropellantoE

high-heat.butAJsotodecreaseA Clearlywhile

C8isusedincombinalionwithsome AromAlic

K軸y8Kay8ku.Vol.47.No.3.1986 -)47-



T8ble2 EEfectofCBcontentontlAnd77

testntJmber CBcontent(weight) p-100kg/cm書 Pressureinde
xnburningrate CataLysise汀iciency PressurcrangeP= 80- P=LOO- p-125- P=15

0- p-175-% mm/S (tLhto) loo
125 150 175 200kg/cm7 kg′cm,

kg′Cml kg′cm2 kg′cm,1 0 12.95

1.00 0.34 0.45 0.65 0.88 >l2 0.2 16.10 1.24 0.31 0.27 0.23 0.80 0.

283 0.3 17.06 I.31 0.37 0.27 0.22

0.70 -4 0.4 18.48 1.Jl3 0.39 0.20

0.23 0.48 0.405 0.5 19.88 1.54 0.

44 0.27 0.2JI 0.38 0.186 0.6 21.65 1.67 0.49 0.28 0.23 0.19 0

.13Note:a.BasicEomulationisthesamewith

Table1.b.UsedCB(Zl)acidleadarLdtatt

yacidcoppersaltsin properproporLion･Thede

tailmechanismoEsuchAttSyn･ergism''amongC8-leadsaJトcoppeTSalthasbeer

lunclear･andneedstoinvesligatedeep)yinEu

tLJre･4.EffectofCBcontentTherehtiorL

OtCBcontentzLgainstnortLinlow-heatprOP

CIhntswasreportedLongagO l).TheeEEecLolC

Bcontentontlandninni血minepropeLhLnLis

obviousinthispaper(scc Table2)･Theburn

ingrateofpropelhntin打 敬 Sgrad-uallywilh一hei

ncreaseOfCBcontent.WhenthecontentoECBisove

r0.6%,tLtendsto increasecontinuously･Inthis

case,thecatdysiseaiciencyofincreasingbur

ningrate(tL/IL.)isuplo1.67andtLincreasc

Hrom 12.9(wi(boutCB)to21.65mm/scc(CB=0.6%).

ThisnJLeissimihrtoLlmtoLlow-heatDBpropcll

anL CLearly.CBismostefl･ectivecatJIystini

ncreaLSingL'amOngthree cata･lysts.Playinga

mainpartinadjustingb.Inad･dition･theno

fpropellzLntgrAdtJally血creASeSwith thcincre

aseOECBcontertt. AlEirsl.thecurveohLagain

stptakestheshopcoIS whichdisappcaresbyde

greeswiththerisingOECBcon･tent;pressurea

-eaoElow A一endslohigh pres･sureandAistessthan0.2(atl50-200 kg

/cm1,0･6% CB).

ThistendencyisalsosimihrtoLhBIoflow

-ht!atDBpropelhnt_5.DiscLJSSionPreckclり orLC

CShowedthlpJaLeau burningcouldonlyoccuri

rthigh-heatpropeZhLnlinwhidhheat-resisting8,0maticacidlead(decomposing temperaturt･is

over750℃)wasAddedinsteadof)CadsteArAte. W

euseasortoEaromaticacidlezLdascatalyst,

whichthermaldecomposition atjust240℃.When

theleadsaltwasaloneorcom･Linedwitheithe

rfattyACidcopperorCBaddedintonitraminep

ropelhnl,thecEtectoHmproyingnwasnOlremarkab

le.whilethreekindsoLcom.buslioncatalysts(le

adSZIIL-copperSa)トCB)wereaddedtogetherin

delinitcproportion.ndecreasedconsidembly.ItCa

ntheEeforebcseenthattheheat-resistingofaromati

cacidLe且disnotthepre･ConditiontorplatcatJb

lJrning.whiletheexist且nCeotcBwithderlnit

ea-isitsimportantcondition.Wecanimaginet

hatbecauseolthehigh tempcr･atureolburning

st)rface(T.)oEhigh-heatpro･pelhnLcontairLin

garomaticacid leadand fattyacidcoppt:TSaltswhic

hmakeslesscarbonexistorlthti･burrLings

u.face.thestJPer-bumi rq!Qnnotbcrormcd.ⅠE

aproperAmountOrCBisadded.thecarbonconten

torLburningSurEncewill beincrezLSedandwhichcanA

CCe)Cratetheredt)cingreactionolNO.leading

Losuper-burrling andplaIeAu.FortheEBCLth

atCB(X)withsuper-Line par-ticlezlndCB(T)

withcoarserparticlehareun･rcJTtarhbleeEEec

tonimprovingn.WetryLo ex･phinasFollows

:SincerLOEhigh-healpropel･lan暮ishighup

lo400℃ 8rLdthekindlingtcm･pcrAtureOfCB

isjtJSL290-380℃.super-fineCB(a--らmf,)isoxidiヱedrapidly



thecoarseCB(a=63mfJ).itcannotprevent

lcAdcatalystfromgatheringtogetheronthebt)m･

SuTEace.InviewolAbovetworeasons.cAtA)ysis

eEfectsolbothCB(X)AndCB(T)ArenotSA･

一isEzLCtOry.

Theexphination.howeyer.isnothingbut8de･

ductionbasedonthepreyiousplateautheories.

lnfact.thesurEaccpropertiesoECBisyery00m･

Flex.ForemmpLe.orttheperipheryoEitsarO･

maticnucleustherearcmanysurEzLCeEuRCLionAl

groups.such8SCarbonyl.phcnol,lactone and

quinonewhichprobablyalsoprdciptclheme･

chnismoEcombtJStioncaLAIytjcreaction. Con･

sequent)y.thecombustioncatalysisolCBisvery

complex.too.WeneedLo l)SeSOmemoread･

yallCedAndAccur8tem飽nSLoinvestipteit.

6.RoferorICO8

I)R.F.Preckpl..AlAAJNo.2.(1965)

2)A.nJbJINl仰 vlyJ.仙r･p-kd ～ eJPq■.

No.4(1977)

3)D.).Hewkin..CombtJStionScienceAndTd一･

nology.VoI.2.No.5-6.(1971)

4)N･Kubota･.工黄火薬 VoL42.No.I,(1981)

RDX-CMDB推進薬の燃焼特性に封するカーボンブラックの形中

卒 上 文●

高エネルギーRDX-CMDB推進薬の燃焼速度 (tL)と圧力柑歎 (n)に対するか-ポンプラ

ック(CB)の影野を攻めた｡鼎なった8概のCBを用いて推進非を鉄製した｡芳香族系の鉛塩

と庸肪族系の由盤が叔適比で混合され,これにCBが添加されることが.n皇位渡させるため

の最盃歩なポイントであることが明らかになった｡750℃以上で分解する耐熱性芳香族系の鉛

盤は高エネルギ推進非のn低域のための必歩条件にはなっていない｡CBの粒径 (a)はCB

の有する敢多くの物理化学的特性のうち瓜婆な田子となっている｡r=T='し.後位 (-5flm)で

あっても大粒 (-63FLm)であってもn低さかこは十分な効果を示さず,中位 (24-35f-m)の

CBが効申良くnを低減させる｡

本研究ではRDX-CMDB推進非の燃焼速度に対するCBの効県が低エネルギ･ダプルペー

ス推進薬に対するCBの効果と同様であることを線路Lr=｡

実験で椴壊したいくつかの現射 こついては定性的ではあるが検肘を加えた｡

(+西安近代化学研究所 中帝人民共和国)
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