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Pyrotechnicmixtures†･b'ased◆onanthfac'eheforgeneratidnofi, I J･ J'i;IrI･
･Carbon'aceousaerodispersionattenuatinginfraredradiation

byL;disiivkL鵬 AeEK'甲dPetr甲AVRATIL'

LIL

lt滋asproJidexperimentallythat'aerodispersionsgel)CratedLrompyrotechicmixtureson

:thebasisofanthracene:containinga･highーpOrtionofcarbonaceouspartidescarlefficientlyat･

tenuateeinfrared(IR･)radiadon.･Under･variablefieldconditionssmokecartridgeSwith-OptimiS･i

edmixturegenerateddoudsofaerodispesionsandthemeadltRattenuadonvalueswereLt3.SI

I.≡14.2+2.0dBan'dLf10.6)=6.I+0.4dJ3こAttenuationvahesinmid-IRradiationregion()I

3･5fJm)betthereq血 ment,being･closetotheirhdf-YalucsinfarregionOHRradiation.

TheDM-llsmallsmokecartridgeihtroducedintolSerYicehithertowiththemiXttm basedAI

onammoniumchloride(Jersheymi xture)generatedaerodispersionnotprovidingefLicieJ)tprO･
tectionL:in.IIRradiadon･reglOn.∴

1

I.T.lntrodLJCtion..

Atmosphere･istrwsparent'forelectromagnetic

radiationofvisibleregion(0.4-0.7pm),nearin･

fraredregionL.(0.7-1.1･,FLm).'mid･inLrared(.region

(3-5-FEEn)aJ)d血 ･inLbedregion･(8-14vm)which

needstobeattenuatedinpresentmilitarypractice.

Militaryuses'theseradiadonsりforthe･.oi)eradohsof

SophisticatedreconnaissanceaJIdreconnaissaJICe-fir･

idg･weapons;systems andinhjgh･precision-guided

weapons.,･Carbna'ceolusaetodispersions一,CZLnIat･

temJatethisradiation′and..cancamodaget町get2J

beciu'se･carbon･partideS'irehigh1gabsorbingatvi岳i･

ble,aJ)arR⊥regions3).Theyareoneofthemeastwesof

complex camodhBeprovidingane雌ciemtprotecdon

ofOWTIunits,equpments'andLdeYicesagainstthe

above..mentioned･仰eapOnSSystemsand･meansof

reCOnnaJ8SamCe..

,Thouglm叩 SmOke-gel)era血gageJ)tSarelmown

Eor-.hea血 gpeenlWedE/Pr.gen甲 tionofcamo血 ge

叩Qkesasaprotection.a師 n.st,visualreconnaissance,I

new agentsarecDEaminedanddevelopedqlabl叫gI

screeningalso in the,reg]onof･infraredradiation

against.S.ophisticated reconnaissanceandfiring
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Systems.I

PotendalagentsseemtobethoseoncscreatinglCar-

bonaceousaerodispersionsin the-course of

pyrotechnicbumiJIg.

2.･..TheoreticalPart

2.1 0ptlc81propertJ'esofcarbonaceoLJSaerOdisper-

'iSlOnS ･'. T

･､BtmingoLquandtatiyely1new hexachloroethane

mi xturesresdtedingel)erationofhigh portionrofc打･

bop(20-36%)with･theexcept-of･products･with

magnesiumandchlorideions.InIRregion:ofspec･

trum therewasmeasuredl) 40-times.･higher

caJnOdlageabilityoftheira甲Odisp甲 ionsthanin

smokegeneratedfromastaJldardmixttqe.n呈swas

exphinedbycombinationoftheabsorpdonetEectof

radiationatthewavelengthoE3.･12FLm･(approx.25%

portionofthetotaleffect)anddispersion,effecton

rdadvelybigG打bonaccous一Pardcles.Thesepi∝ csof

knowiedge･about･attemadonabnitiesofIcarbon

towardsradiationresultedinitsmoredetailedset)dy.

Crystauinitecarbonbhcksandgraphitewereexamin･

edaspossiblecamodageagents5);measllrementS

werecarriedoutwithpelletsofcarbnaceousagents

andpotassiumbromide.SizeOf也rbonblacksbeing

lJSuallysphericalandpolydispersiyeinpelletsyaried,

mostoften,within2-3pm,andsize･ofgraphitepar ･

tideswasintheorderof10flm.b bonblacksWere

KayakuGakkaishi.Vol.58,No.5.1997 -229-



oHongchaiJIEormanddisplayedhighercamouflage

abilities-atthewavelengthsofabout10F'Jn than

spheriCal partides6J･

With regar(HR)やeノ軸丁字･P,e.Pdonedpie-es･0E..JIJ 'J I
knowledgecarbonaceousaerodispersionsSeemedto

bemorepr占hi追iふさ･fbriahb血払 ql&ge'ih･7R
l

regIonofradiation.

2･2 PyrotechnicmixturesI･tI/,- ･.1
Carbonaceousaerodispersionsdmbecreatedfrom

pyrotechnicmixturesofsmoke･generatingmeansof

suitablecompositionby･their.lPyrOteChnicbuming.

FrompyrotechnicmiXtures,,forutilization.therecan･

beconsidered.1forこeXam plethaton由containinghigh-

boilinghydr∝ arbonS6J.

PyrotedmicmiXtureSofthischancterwerebased.

onaliphaticandIprdferably-aromatichydrocarbonsI･.

with high ,boilingpoints1.(naphtalen'e,.anthracene)I

whichresultedJinrpriority-developmentof,car-,

bnaceousaerosol.Aerodispersionsrepresented

typicalblacksmoke7Jarecharacteristicofhigh por･

lionoE飴rbonaceousparticles.Mixttucsweredcsip･

edfor.signalingsmokemeansgenerating-black

Smoke,･composition ofthis･simple8t▲･･8mOke･･

generatingpyrotechnicmixture00nsistedo∫lOXidising

agentpotassium perchlorate(55.0-%)二andpropellant

(smokegenerating･agent,in-the.sametime)an-

thracene(45.0%).Burningofthemixturecanbe

representedbytheEoIIowmgpossiblereactionsdle･

me(it･wasestimatedLthttherewas66%ofsolidpar-

ticles暮iniaerodispersion･generated from this

pyrotechnicmixtth･e):

4KC104+2C)lHI0-

4KCl+10H20+3CO2+25c
!∴

compositionofthiskindof-pyrotechnicmixtures

witha皿thraceneornaphtaleneforsignalsmokes潤

oftenmodi五ed.

Inourlabratorytherewerestudiedattenua血g

dlaraCteristicsofcarbnaceousaerodisper8)'onsof

smokecartridgesmadeonthe･basis･oftypicalan･

thracenemixturewiththepurposeoLpotentialap･

plicadonincamouhgeinthereg10nO HRradiation.

TheywerecompaqedwithaerdisDersionsoLintroduc･

edintoserviceDM-llsmokecartridgesfilledwith

modifiedJershevmixture9.ALO)intheh]dconditions.

Am monium chIoridewasusedinitasthesmoke

generating agentitself(forvisibleregion of

radiation).Itwaspartlydissociatedtogaseouspro･

ductsduetotemperatureofbumingwhichagaln

a鈷OCiatedtoaerosolpartidesofammomitlmChloride

it､舛 r,,?軸g.A_C:0,ollf,dT,lf.,･ ‥L ,.;:j･,･I≧
ReactionoEthecomponentsinpyroteclmicmixture

J'･ihr<the'上drst'二bfithis'血ikture･(も血i血i,,bherean-

thraceneismostlypropellant,callberepreSientedin

thefouow.iT.gP.禦 e･way:'-い'.,ノ ー､!-

7KCIO3+2C14HIO+26NH4C1 -

7KC]+8CO2+5H20+CllHIO+6C+26NHICI
･†̀I'' I/

'･It-hisestimatedthatthereare･solidandliqtlidpro･

ductsofthisreacdohoE83L%血omwhichonlyasmall

pad (almost3%)･belongstOCZLrbon.High attentla･

donr.abilities.ofthisaerodispirsionagainstIRradia･

tioncannot.be,therefore.expected.I

3. LExperhental二Part ･

･.3.1･Jnstruments' ･'

Thefollowing'instrumentSandp軸ulpmentSWeretu･

edinthecotm offieldtests:

DiodeTraJtSmittometerwithdetectoraJld-source

located･in･frontofthe､object.ofobservation.

Wavelength･)川 =0.82pm. ･

Transmittometer･wi thHgCdTedetectorandIR

sourceloatedinkontoftheobjectaobsm don.

Wavelength払 ･1-3-5pm.

CO2hserTransmittometer.Wavelengthll3I;10;6

FEm..l t･,'･ '

PCComplュter286withPCL812.加 .ALEF,･GOLD

STAR.Monitor,･･ThaiIaJld.TURZ10PASCAL pro.

grammel弧guage,I0Wn･mOdiEication.I
AHLBORN･一m RM 2280-8Meterwith.NiCr-

Ni(K)thermo00uplemeBLSuri嘘 sensor.AHIBORN,

M 鰯 ･･tlndRegelungstechnik,･Hol血irchem,FRG.
3.2 Srnoke･generatingmoans'･

TheDC smallsmokecartridge(black)ofowtLCOni
StnICtion.massofthechargebasedonaJIthraceJ)eiS

1000g.Electri由linidator'EPIO.TheDM-llsmoke

ed die,･massofthechargeOn'̀chloHd血 thraceJIe

basei岳̀1如o女.HeatperctlSSiohcap.FormereSSR
～

prove'nience.

3.3E･･Motbdsofm由surem'entl■
h thecourseof-BeldmeaBrurenentSgmuPSOf5

piecesofsmokememSWereignited.neywerelaid

inche益･likearraJlgementintwoiqysbetwFeP暮theI

objectcamouLIagedandmeasu血g ins加 ments

(3pcs/2pcs)soastohavedist細ceof4mbetween
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t 一書】Fig.2 Timechangesofradi
ationattenuationLcaus･edbyaerodisp

ersiondevelopedfrom5piecesofDM-llsmok

ecarbidges rexp叫ment37･9･)●theind

ividualmeanS.Particleconcentrationsoftheaerodispers

ionsmeasuredwere,determinedfrom･theestimat

esoEaerodiSperSiondouddimensionsbothfromthefr

oJltandside.yideO-由cordsandfromthebumingof

fofmixturemasswithtime.4.･Resu一tsandDiscussion

lt･canbejudgedfromthetheoreticalpart

analysisthat･miXttue,colltaining◆high-boi

linghydrocarbonslike.anthracene,gel)Crate

aerOdispersio71withhighpordonofcomponentwithcar

bn.T帖scanbeasigni点cmtagentattenuatingIRr

adiation.Basedonhboratoryc9(Perimentsther

eweremadesmokecartridgeswithoptimisedpyrotec

hnicmix･Curesontheanthracenebasis叫thcombustion

pro･ductsLIowかomsmokeCartridgewhidhwere,inthe Table1 Meancalculat占dyaluesof0.82ILm rad

ial, I donattenuationLto.CI Causedbyaero-

disbersionstakenfrom 4-7experimentsmad
e_with5･piecesofsmoltemeansunder._ .variousme

teorologicalconditionsI-,二Smoke.TheanS l iLtoR)〔d

B ]DMー11 35.9±0.9DC 39.5±0.2courseoffield

measurements,abotestedfromtheviewpointofat

tenuadonabilitiesoftheaerodisper-sionsgenerated.

Windwasblowingperpendicularlytothedirectionofradiationtransmit

andmeasuredin75% ofexperiTPentSWhich repre

sented lastfayourablecondidonsfortheobjectcam

ounage.Smokesgeneratedfrom th esemeaJISWereCOm･p

aredwithaerodispersionsoftheintroducedintoser-vi

ceDMlllsmokecartridgeinwhichammoniumandpotassium

dlloridewerethecamodagingagents･ThereweredeterT

ninedyaluesofmeanattenuadonintheindividualmeas

uremeJitstakenfromTneaStqedpardalvaluesofatten

uationintimeintervalsinthecourseofpyrotec

hnicmixturebuming.TimeofmiⅩ･Curebumingshould

beunderstoodasperiodoftimebetweenthetimeofget

tingtoburnandtimeoffinishingtoburncharac

terisedbythehighest,aJldforsimplificationsake,

constant'血aximumradiationat-tenuationoLsmoke

generated.Examplestakenfromtheindiyidual
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.Tab一e:2トMean･Values▲of3-5FEm･aJld10.6,FLm･,radiation'ittiふu誠onLf3J)and
L･tIO:6)Caused.Ibyaerodispersionsit誠血fromselectedexpenJnentS

made･with5piecesofDC(bl?ck)'s血故ecartridgesbindleSS-1ike･ar･-,

一･,rglgement･,:andtimesofatten:uation3-5pmwavelength tM _5)andat
･､IJ,lL･八,･ト10.6pmwavelengtht4110.6),andtimeofbtmingth

∴EXperi-｢;ment J:EMeant.Valuesmeasured ･Titpels].tdr◆●'ナー◆Tl-IL"0,6IT こ∴.血 己.3_S) n ittenuadon burn

ingnumtIer [d耳] [dB] んー10J61 一.▲如30.'軒 .̀-
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付 o 1.1.0 ー8 24:2 19∴ .79'p

90 一二?5..Meaや. 6.,I. . .14..4 87 84 102a:ls/申

0,,4. 2.1 早: 9..ト 一旦.r?diationbyaerodispersions(max

imtlm attainablevalue･of-attenuation･withdete

ctorused,was40.0dB)fromboth typesofsmokemeans

.･.Lowervalues･oLDM_ll.attenuadon･stated･in

Tablel･indudedJnOresubstantialinhenceofchaJ)geab

lewiJldonlocalchangesof,aerodispersionconcentrati

orLimtheclouddeveloped.･Thiswasmanifestedinfluctua

tionoflocalconcentrationsin.thecloud1On.theopticalrayJtrajec

･tory･J3J′. lMeanvaluesofradiationatte

nuationbymemSOfaerodispersionsinmiddleandfar･r

eg]onofIRradialtion･Calculated･frommeasuredd

ataoftimedevelop･mentofindividllalTeXperiments

enabledtoeyaluatecamounageabilitiesofpyrotedh

nicmiXturesofsmokemeansforthedemandsofmiuta

rytltili之ationsuffi･dentlytrustworthyゝ･ltis

eyident心om Table2inwhichthe･resultsoHieldmeasurementswithopdmiS･

edmiXttlrebasedonan thraceneare sllmmarised(nis ■

iI'･'L つJL■▲ il)7 1tr.1UJ

1.-■l･.1.anumb'erofvduedataqfatterih

itiohinthecourseofdevelopmentofindividualexper

imentswithtime.i,e･aftercor

respondingtimeofattenuationL､tA())themeanvaluew

ascalculated血m).FronLtheresultsinTable

･2followsthataerodisper-Sionwithpreferen血Ideyelop

mentofcarbonat･tenuatedperfectlyinmid-regiono
flRradiationof315FLm･MeanvalueL(3･S)-

14･4f+21･ldBcontainingchngeabilityofweathercondi血hs･

isget血gveryclosetotheyaluerequired(i.e.

15dB)･tMeanattenlJa-donrLt10.6) - 6.1+0.4dBmeet

sthereqtJqementSfrom40%.･ApprqximatelythesaTne

times･of.theat-tenuationsstatedforthebothr

egionsofIRradiationi"0.6)-87sandtM.8)-84S)we

reprovidedwithayeragetimeofbtmingofDCsmok

ecarbidgeLi:≡102S..compadsonofsimilar･data=fromtheex
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･ I. /l J.′J･い り, I･.lJ tJI ilJ l･Ilt

IindicatesjadvantagesoL･,the･DCsTnOke･cartr

idge佃hidlCahibeconfrbntedwithdata,血o血Table3.Al

sothesedatawereobtainedinthecoursedfLmeaSur

e>ment-tdingplaceunder_difEe

rent･y.e計 azlddaymeteorologicalconditions'.1'' ミー･

1..MeanjattenuationtLvalues,′ot'lRradiationoLt

hewavelength:dflOi6.fJm‥makeE f1..6):-.2.2･.dBforaerodispeisions,:generated-from･･the,一DM-11ILunde
rchangeable1.miteorbldgicalーICOnditions.

てComparedwiththeattenuationvaluesofcarbonaceous

aerodispersions:generated:血)m-,theIDCsmokecarltri

dgethese.arethevduesthree'tidleSlower.′MeBLnat･te血a

tion･values●･oflradiationofthe.･wavelength･df3-5pm

are･▲LI3157.1･.=T2.91dBcomparedwithaerodisper･sions･gemerite.dfromtheDCcartridgeL･(3-5)

･-14.4dBwhichis,thus,.fwetiTneSlower二 Camodag

eabilitiesof,C打bnaceous･aerodispersions-generated

fromtheDCsmokecartridgesin･th'ereg

ionsoLspec-tra･stated'are;thus,moreeuecdve_･

,◆Time･developmentofi:radiatioTIattenuationlo†･aerodispersiohsinnear･IRlreglOnaも.0.825FLmirt).e.in

the,CourseofattqmationtimettB,aSCabbe.seen

inGraphs1and2,caJt･bestated.ident血1with二buming ･J'): l 'J1

Itimeofthemeans.Attenuationtimesofcarbonaceo

usaerodispersionsinIRregionatthewavelength･

3-5〝m and10.6FFmare,however,shorterwhich･canb

eproyed'､byTables2and3..･TYLisis..mostpropably,ca

used･.by.more･retarded'generation･ofsufficientlyh

igh･･concentrationofaemdispersionin･thecloudbe･lngabletoattenuateradiationeffectiyelyin

longerwavelengthsW】lichwas..reachedby･bumi

ngofpyrotedmiCmixture.'.Durin gtheexperimentsther

ewerenosubstantialdifferencesinattenuation

dmesもbetweencarbonaceotlSaerOdispersionsgel

)CratedfromtheDCandfromtheDM-11･Smokeca

rtridgesattheb

othwavelengths315pmand10.6FLm.5, Conclusi

on rne.followingc

ondusioncanbe･formulated･fromtheworksubmitted:I..Catbonaceousaerodisper冨ionswereindicatedasef-

ficientLorIRradiationattenuation･withinthe

wholespectralwidth.The.experimentscarriedou

t.withSelected･pyrotechnicmixturesin.smokemeansI
generatingaerodispersionsofthiskindIprovedthis

･I.fact.Carbonaceousaerodispersionscanbecreate

dbysuitably1COnStruCted;pyrctedhnicLmix



baseofwhich'-ispreferably･anthracene,asa

representatiyiTdf'I砧h'lb'oiu砲 hydr'dcarbdhs二Cdrr･'r･t., ど

bonportionin▲'thecom品呈tii.A/li'r撞 主tsEromthe.
rll.メ .)I ∴ tl ~∴J

mixturemodifiedcontainingappq.niup･dh)oride,:

asasmoke-generatingagentwithanthraceneasal,(J' 'ヽ)

propellantistowerwhichalsopredeterminates

lowercamouぬi'e''ibilities'oEtheLaLerodispersion

generated.However,theselastmentioned

pyrotechnicmixturescannotbeexcludedfrom

possibleud)izationiJISuchacasewhehpyrotechnic

burningwmr岱u)tingenerationofcombustionpro-

ductswithmoreconsiderablecarbonportiondueto

theirsuitablychos甲COmpOSitionofcomponentsinlll I
thepyrotechnicmixture.

2･Fieldexperim甲申 Carriedoutunderyariable

weatherconditionswithop埠misedpyrotechnicpix･

turebasedonaJl叫racene.･intheD.Cmeanswith

smoke-cartridgehwofccr坤ustjonproductsprov･

edtheirhigh efEidencyin･radiationattenuadoTIby

carbonaceousaerdispersionsinthemid-reg10nOf

IRradiation･MematteJluationvalue叩derthecon･

ditjonsstatedmadeLf3_SI-14.4+2.1dB.Mean

attenuationvalueofradiationinEarIRregionwas

Lどlo.6lI6.1+0.4dB.Thevaluesofattemlation

･I･reachedthe･yalues■requiredin-thefirstcase,inthe

second･4CaSetheyノWere'･Closetothehalfofthe

''Valuesrequired.･ .･ ]

3,Smokemeansintrdduced･intdthe!CzechRepublic

Armytillnow･asthe'DM-llsmokecartridge･do

･not･proyideefEidentprotecdonagainstradiationof

I,lRspectrum.JMeanattenuadon,ya)ueofradiation

of-:10.6FIm'wiyelength measurddat'aerodisper･

･sibnS′generatedfrdmL仙eDM-llwasLltb161-2.2

dBllnderyariable'meteorologicalconditions.Mean

-attenuation.Vahleofradiation of315･.pm

wavelengthpwas'L'3;sl-2.9dB. `

4.TheDCIsmbkecartridgeswith utilisedJsTnOke

pyrotechnicmixturebasedonaJlthraceneand

smoke-cartridgelikean甘mgementOE･.combustion

productsdischargewithmean'buming･timeof

'･pyrotechnicmixtureth-rlO2+3･sgeJleratedcarl

bonaceousaerodispersionofmeanconcentrationin

thecloudc-260mg二m･3･Meinattenuationyalues

forthissmokemeansweredeterminatedafterat･

tenuationtimetdt3.5)and:LBT10J6)Whichteached･apt

･proximately80%ofmean･btmingtimeth.Similar

I-prdonsoLthebothattenuationdmes･Wereobsery-

edataerodispersionsgeneratedlromtheDM-ll

∫･:-主h'bkecitttidke.Howeyer,theirmeanatteJltution

1/L･vaiu-es呈i:i血d抽 ValふayelengthsofTR,adiationJI†■'.I :r
wFrellow...･･..I ′い /
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i '◆赤外線減京効果管用い~だ炭素ユニ口.TJr生成用町~~~一~ー●'▲-′L'-'●‥一

/ト妻女̂ 基剤虫エロ組成物

.l.1 ▲ ●･l▲.I-(

.i:三..7ント声lt:ンを基剤とする水工晶組成物から発生する干.rp-/JH羊,-.1_ -しこ1･･:･･S.l･･､ナ′･､-I-･ ▲･▲-L ･ヽr

I･霊孟 諾告禦 繁華謂･?:う諸 芸雷雲芸器詰 長芋芸 ._≡;,pL
L-与.､l:

炭素粒子の濃度がAl_- ＼ J

r!控 庇のためのItlJ-_
を形成し.■平均のL

赤外線の減衰値はL.,_;,=14.2+2.OdBとL"..6,-6.1+0.4dBとなった｡L凄外領域()=

3.㌣｢5I.P)･{･の減衰値は規定値となったが,遺赤外境域では規定値や半分の値であらた｡

現在使用草れている塩化アンモニウムを基剤とする(Jershev混合物)ェ一口ゾル先生用､,1Ill
小型発煙カー トリッジ,DM-11には赤外線減衰効果はなかった｡
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