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Thecontinuouswave(CW)CollぉerisoneofthemainhsersollrCeforindustrialuse.

DetonationoEexplosiyesbymeansoftheCWCO2laserhasneverbeenreported.Someex･

plosiveswithandwithoutconfinementwereirradiatedbytheCW CO2kL紀r.HMX.RDX.

PETN.andtetzylwereclassifiedassensitiyeexplosives andTNT,picricacid,andam-

moniumnitratewqechssiEiedasinsensidveexplosiyesaJldCompsitionBWasclassirledas

aninternediatefortheCollaserinitiation.SomesensitiveexplosiveswereconfinedaJldtheir

reactionsbythel舶erirradiationwereinvestigated.Temperatt汀eprofilesofsomeexplosives

werealSoreported.

I. 1ntroduction

ThecontimlOuSWaveCO2laseri8OneOfthemain

lasersourceforindustrialuseBLndisllSdforwelding.

ctltting.aJlddrilling.IpidonofpropelkntbytheC

02Lauserhasbeenstudiedbysomeresearchersl)2)･

Butnoresultsoninitiationofconfinedexplosives

werereported,tothebestoEauthors'knowledge.We

havebeenstudyingtofindanewenergysotLrCetO

detonate馳COndaryandtertiaryexplosiyesdirectly

withoutadetonator.Initiadonofco血 edexplosives

bypul8ednZbyhser3)andmicrowavel)irradiation

werereportedbytheauthors･InthisStudy,ex･

perimentswerecarriedouttodetonatesecondaryand

tedaryexphsiveswith zLndwithutconfnementby

theCW COZ血 rimdiation.

lnthewavelengthrangeoftheCO2laser.transpar-
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eJltmatedalssuchasZnSe,GaAs.andGearetooex･
pensivetobeusedasadisposal)IewirLdow.Arehtive･

lyinexpensiyeKBrcrystalforinEd spectro引氾py

wasused asawindow matedaIanddebnadon

ch racteristicsoEsomehigh explosiycswereobsery-
ed.

2. Experimont81

2.t Samplo

TheexphsiyesusedinthisstudywereHMX.RDX.

PETN,tetryl,picricacid(PA).ammonium

nitrate(AN).andCoTnpOSitionB(Comp.B).The

crystallineexplosivesweregmundto48-100mesh.

thendriedbyyacuundryhgforfivehoursat45℃･

2.I.I 0J)en･mOUthodcontainOr

Explosivewashdedin amacrylicphsdcblock

whichwas20×204ninCrOSSISeC血nand10zd)in

lengthwithaborehleofdiameter6血hada3皿thick

acrylicplasticphtebottom･meweightofexplosive

was0.2gazIditwaspred witharodoLdiameter10

EDataboutlSM取 pressttre.Sampletemperattwe

wasme舶uredwithaType･Kthermocotlple(dhromel･

alumel:50F'mindiameter)whidhwaspressedbthe

su血 ceofaJl eXplosiye.Samplecon£gtm血nis

ShowninFig.1(a).

2.I.2 Se8ledcontainer

Someexplosiveswhichwereclassifiedassensitiye
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EiZi ≦蔓15(ち)Fig.1 Cross･sectionalviewoEthecontAm ers(a)Open-mouthedtype;(b)Sealedt

ype;(C)Reinforcedtype;(d)TemperaturemeasuringsystemEorsealedtype;1:Shell;2:hlteriorcapsde;3:EBrdisk'.4:Explosive;5:Altminum

foil;6:Type-Kthermo00upleexplosiye9by

theopen･motlthedcontainertestweretestedinseale

dcontainers.TheexploSiyewasloadedinashellforno.6detonator,whidlWasused

asacon-tAmer.with10MPapresstqe.AKBrdisk

of6皿diameterzLndAbout2止 thickⅦ gluedto孤 inter

iorcapsdeWithahdeoE3.5tEEDdiaJneter.WhidIwas

LargeenouglltOletthetaBerbeampaB8undistu

rbed.TheinteriorcapsuleaJldtheshellwe



Fig.2 SchematicdiaBTamOfColLaBCrignitionappaJ7a
tuS.1:High voLtagepowersupply;2:Lasert
ube;3:VactJtLm pump;4:Mixedgascylhder;5:BeaJnSPlher;6:Gelens;7:AILm血or;8:Vi

deocaJnera;9:Absorp･tionhead;10:Powermeter;ll;Sample;12:Acrylicplasticprotectivebox;1

3:DCamplifier;14:Penandhkrecorder.hlder

issbwninFig.1(C).Temperatt)reoEthesiLnPle

wasmeamTedwithaTefloJICOatedType･K thermo

coupIe(80fLm indiameter,Omep EhgiJIeedng.hc..TT･

K･40)aJldabeadofthethemccouplewasinsertedbet

weenaKBrdiskandalleXPlosiye.Conb donofthe姐mple

isshm inFig.1(d).2.2 Apparatu8Aschematicoftheapp

arattlSisdepictedinFig.2.nep

ower釣tm WasaCOntitluOuSWave25WCollaser.The

irTadiadonpowerwascontrouedbydlamg･ingtheflowrateofmixedgas(Col:

lo光.N2:20%.andHe:70%).Theuserbean wasdiyidedbymeans

oEaZnSebamspntter

intoamonitorbeamandanind･dent血 1.TheizICide

ntbanⅧ focusedonasam･plcsurfacebyaGel

ens(E=1000zEED).TheFoyerofthemonitorbeaJnWas

meaBtLredbyapowermeter(LaserPrecision

Corp.,PKP･545).Theind･dentpowerwas measured by a power
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HMX ･-0 -- RDX lPETTl 十
TebyI一㌢一･･ TNT ･･･一･･･ Picricccid .+

AN ･･･ロ･･･- Comp.8
TNTJ).……… HNi87

don血 C.HMX.RDX.PETN.aJ)atetrylwere

cbLS8iBedass飢8itivecxploSiyes.TNT.picdcadd,

andAN Werech8Sified asinsensitiveexplosiyes.

Comp.BwasChssiLiedaBaninternediate･Thereh･

lionbetweentheigmition血 e(a),tandtheLzLSqfttⅨ

density(W/cJ),ちisexpre98edastheEollo血 geX･

presdot)lHJSl

t≡aL)-p (3)

Wh ereaandvareconstzLnt･HaJnChS)reportedthat

fJEorPETN.HMX.aJtdTNTarel･81.1183.aJIdI.

745.respecti▼ely.nereSuItsforHMX aJldTNTby

Hm dhareaJsosbwl)inFig.3.ComparedwithHu-

rach'swork.BendtiviticsofPm ,RDX.aJIdHMX
ateSimilarbutTNTiBlet蛤 8enBitiyeinotLrWork.

ThisieprObblycausedbythetactthathisWork

coyer8higherincidenthsermⅨden8itythanotu

workandhetLBedpulsehsq.

hcidentlaser瓜ttxdenSitieSforproducingamlgm1-
doninかe拭 On由areehovminTable1.hhIredab-

BOrbaJlCeinTable1i8theaborbanceoE0.lmmolex･

plosiveat10.6vm.Theignitionenergy(I),EIWas

･+

obtainedbytheEonowingequadon.

Ei-IIXt (1)

100

Theorderofincrw ingincidentuserfluxdensity

forprodu血ganignitionin5sa柁almostthesameas

theSeqtlenCeOlexplosiv田Ordereda∝ordingtoin･

creasingignitionpointg) exceptHMX･HMX's

lovestinddenthsiqh densityiA59isexphinedby

thefactthatHMXhsthehighestinfraredabsor･

baJtCeat10.6F.mamOZ)gtheexplosiycstested.

3.I.2 Effectofadditives

neeffectofaddidycSWasStudied.Firepercent

graphiteoractiyecaTboTIbyweightWasaddedinto

RDX.PETN.orm aJ)dtheignidon血 ewas

measured.EffectoEadditiyesondleipitionofRDX

inanopen･mouthedcontaineriBdlOWninFig.4.

meipitiontimesofPETNandTNTwereabe

血Ortenedbyaddidonofp phiteoraCdyecaTbn.Ac･

dyecarbonisslightlyeubctivethAP phite.neeE･

EectsofactiyecarbonontheipidontimeoLHMX,

RDX.azldPETNare糾mmadd inTable2.Theignl･

血nofRDXaJldHMXbecameurLBtAblewhenthecon･
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Table1 ExperimeJltalresultsforopcかmouthedcontmier

I:xploSlyes Incidentla80r hCidentlaser IDnition Ayerage lpitlon lJtfrared
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DXcentrationofactivecarbonexceeded 12.5wt

%.PETNdidtIOtipitewheJ)theconcentradonwas

30wt%ofacdyeubon.Itsuggeststhatacdvecarbo

n･work asadauentratherthnaCO2laserabsorbeJ

)Iaboyeacertainconcentratio

n.3.2 Soaledcontainer 3.2.1 1gnitionti

meEachexplosiveplacedinanopen･mouthedco

A-taiELerOnlybtmed.Someeqlosivcsdhssi点ed

as引mSidveexplosiyESplacedinasealedcontmi ercD
L･pbded.Explosiona防eSきmentCrite血 adTeShowtL
inTable
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T8ble3 ExplosionasSeSSmentCriteda

Jud印ent AssessTbentCriteria

ex plosio n (×) Le ad plate(4m thi c k ) fas p erfora ted andtest
sataple co叩 le tely disappeared.

Hal一- (△ 1) Leadplateyasconcavedbutnotperforatedandsotne

explosion oftheexplosiyeleft.

(△2) Leadplateyaslittleconcayedand larlePartOI

theexplosiyeleft.

No- (○) CheQicalreactionyasobseryedonthesurhceoE
explosion exploslyebutdidnotexplode.

Incidentla紀rntJXdensityatthesurfaceofzLnex-

plosiveina8ealedcontainer.IlowasobtaiJtedbythe

followingequation.

I'○=tox(IKb/I.nh) (5)

TheignitiondmesoE80meeXpl岱ivesareShownin
Table4.

open･mot)thedcontainershowedhalfexplosion.

Theirlowestinddentlaserfluxdensitieswereas

follows;32.0.32.6.32.6.and36.OW/cJ.However.

TNT･PA･AN･andComp･adidnotexplodeuptoca･
SOW/cJ.

3.2.2Thoeffectofirr8di8tion8rOa

TheeEEectsofwiJldowdiameteronexplosionoE
PETN.rMX.tetryl.aJldRDXwhichbtmedinan SomeexplosivesareshowninTable5.
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EoTtm eZLt.theeffectof血 dov diameterWasnot

clear.hthisShdy,thewiJldowdiazTIet耶 adopted
wereeither3or3.5zzhbycoJlSideringthe5山window

diaJTLetermayW血 entheKBrdisk.
3.2.3Effectofreinforcornent
TheeLEectoEanironholderonthesealedcontainer
forRDX.HMX.andPETNi古曲owninTable5.

Withallirtmholder,6outoE9温mplesexploded.

WitbutanironbldernoneoE9批nplesexploded.
Withoutanironholder,theLoIl○wingphenomeJIOA

wasObservedin8outoE9拙nples;theshellwas

brokenbytheforceofcombtwtiongasaJldtmreacted

8aJnplevaB∝atteTdbeforetheexplosion.
3.2.4EffectofaddltIvo

EuectsoEacdyecavbo7IOn既pl鵬ionofsomeex･

plosiy6 inaSealedcontainerwithreinEo価 nentaJt
8hm inTable6.AdditionofacdvecarbongeJlerany

Shortenedtheignitiontime.butweakenedthedetozla.

donSbeAgthdtich潤 jlJdgedbythedamageofthe

leadplate.HMX.RDX.aJ)dPEW perforatedAlead

phtewithotAactiyecarbonbuttheiractiyecarbon

mixttm coddnotperforatealeadplate.Ztimplied
thatthemixtureSWerenotSuitableforacap■8Chrge.
Generallytheabsorbancesofexplosivesat10.6pTn

werehjBhwithol)tadditives.tJleeLEectofactiyear･

benWasrdatiyelysmdl.

Inthecaseofexplosiyeinanopen･mouthedcon･
taiJ)er.theexpl岱iyeyaporizedaJldrevealedfreshmr･

hced也 girradiation.ItWasprt)bblethataJIeX･

plosivecontainirIgadditiveabsorbedmorela紀r滋ght

thanthepweexplosiveaJIdshorteJledtheipition
dme.Butinthesealedcontainer.explosiyeTnelted
aJldeyeJ)SOtnePartsYaP血edandthevapodzed ex
plosiveabg)rbedhBeraJldtheeffectoEadditive

becwelesseLEbctive.hthecZLSeOEthenlbyh8eriJI･

i血donofexplosiyes.addido4)OEa血 eczLrbondC･

creasedipidoneJIerBteSremarhblybeauseatthe

rubykLSerWavelengthabsorbanceofexploSiveSWere

rehdyelysnallrl.Andtheignidon也meⅦ inthe
orderoff痔Whichwasmt血 8horterthanthGeOfthe

K6gY示K8Y8kLJ.VoLB4.No.4.1993 -185-



Table6EffectsoEactiyecaTbotLOnipidon血eoLSomeeXplosiyesco血 ediASeded00ntaiJler

C叩lo$lyesJncldeれt l血nltorlncldentnrdI8k AC Jdr JpltloJt lpltlon
Rtm恥. laSerIIuzbean beaJI traJt811t- ccn- 1ent tine eれerW

deJtC1ty poTBr PTOr tanCO t机I
OVcD+) (Y) (Y) (I) (Tは) (s) ())'

寺
▲
1一t
l
1

2
lq-ー
.▲1

仏
は
札
は

l
S-
tI
別
帥

■■▲

l

1

1

O〇
一t
丘▼
…

$
l
$
○

.1C:

..

.
t
l

.2

.0

.0

.

1
10
与
l

$
2
1V
I■■

1

1

1

1

出
2
3出
血
0
出
血
加
×

0
0
■一■
$
l
l

与
_■■

0

2
…
1
1
1
1

▲
13
0
ユ爪V
▲V
O
7
Lh
tV

ー

-

ー
ー
8
2
$
9
一_
$

T
IJ
L
J.8
.
4
.6
.
2.丸

さ.
l
臥
l
】
t.
0
.t
.
9
.乱
t.
m
o

2
…
…
1
1
2
S
tl
l

1
1

14

一t■
…
2
1
-
1
LO
■l

LiL

:
山

■1
2
0
ー
.1
一O
ld
1
O

.1
一■一ー
▲.▲一〇
3
5
9
9

一一
〇■
2
1
1
2
,
_V
.▲1

日リ

丘Y

8

一〇
.1
之
3
0
1
才
2

.
L
.
l
I
.I

.
7

.
T
J
.:
..J
J

.

S

一■1

■1V
1
1
l
▲t一l
'○
○

t▲

●-一与

出
血
山
出
血
出
血
出
x

加
0
加
0
出
血
出
血

x
x
山
X
x

O
O
LO
一l
O
〇

一■>5

0
0
0
与
L4
0
1
5
$
0
0

LOLh

〇

2
N
･rl
1
-,d
1

ー
き
00
壬
2
…
1
1
1
1

e4
$
3

書

tV

t
.4
.8
.
-
7
.
I
t
[
臥

1
t

.Ts4

2

1
■▲1一丁■

5

…

.0

.1

.
I
.
l
t
-
.e

l
l
O

19

が

出
出
血
○
出
血
0
0
加

l
O
5
5
0
0

Lh
一l

O

●一■
…
1
-
▲I
1

8
5
0
'-
.■t
S
I1
8
tV

1
-V
S
1
8
8
7
0
ー

8
7
8
ー
▲■V
6
一h-
ー
■1

9
-
丘Y
与
■0
6
上V
O
8

8
▲
1一▲11
1一t
1
1
1■▲1一▲1

1
-
1
-
1
1
1
●･▲
l

O
S
一丁-
一〇
一TI
ー
'-
'1
0

Lh
■○
亡9
一1
6
8
ー
■ローー

1
1
1
1
1
1
-
1
-

1
3
0
.■t
6
3
0
1又V
…

7
0
0
■tV
2
0
0
0
0

7
T
ー
ー
ー
7
7
ー
ー

■■
3
8
11V
8
8
8
1
ー

1
1
11
1..▲t▲.■t
-
1
-一t
8

-
1
1
1
1
1
1
1
1

1
14
0
0
0
0
0
0
4

tV
I4
'-
1
'-
一TI
tJI
ー
9

●
●
●
●
■
●
■
●
■

1
1
I
1
1
1
1
1
1

5
0
-
2
■■一l
l
一lI
Il
tV
8

110

…
8
8
0
字
号
_■V
3
…
■0
9
3
1

8
t1-
ー
8
■■V
OO
ー
ー
IV
ー
ー
8
■▲V

I
ー
0
3
ー
ー
3
2
-
之
l
17
1
-

S
LO
一t
tA
さ
さ
S
ら
LO
S
一〇
一I
tY

1
1
1
I
1
1
1
1
1
1
1
l
1

0
1
0
5
与
Lh
Lb
一t
5
4
1
18
8

.
8
6
ー
ー
7
ー
ー
ー
ー
$
6
8

1
1
1
1
1
一-一l
I
1
1
1
1
1

一上tlー
1
1
10
_V
S
■_
2
-

●
●
●
●
●
●
●
■
1

1
1qI血1-
0
1V
EI
3
q>
l

T1
8
ー
8
一T■
8
8
○○
ー

.8

.8J

L
.7

.I

.9

J
T:

LO
｡▲18

■○
,
S

一ヽV.■4l

1
1
l
一

I
I
l1
-
1

8
0
0

9
0
2
ー
..t

.
7

.
7

.1

l
8
5
8
7
6

1
1
…

1
1
1
1
1

Lb
ー
…
'1
2
守
一7-
■一■
5

1
9
3
1V
■▲15
一■1ー
0

▲】3
一■
3
3
一1V
OIV
3
▲■■-

3
0
ー
L4
0
9
I
l
■1

9
S
一-V
一'
-
■■V
丘V
ー
'-

ー
3
tV
Q一
書
〇一
〇▼
}
一ヽ

一V
オ
ー
3
0
1
2
ー
5
2
-9
2
0

5
血0
8
CQ
5
LO
■-一.-一一1
12
ー
3
7

4
一■
一一
.▲1■■●▲4一,_一■1
.1
一t
一t■
.4
一1

…
一▲】丘V

O■
5
9
tV
O

9
1J.
1

]
.i.
臥
.0.1J
o.

8
.■AT5

▲̀】
▲t.V
1
100

1
2
$
4
5
6
7
8
9
0
_
2
3

-1

l2
ぺ
T
.r
l6
T
T
T

1
2
3
.▲1与
6
7
8
0-

監

監

監

監

恥

‖リ
‖リ
‖り
‖

m
m
附
馴
附
附
肘
馴
馴

肌
濫

荒

肝
監

濫

荒

肝

I
I
1
1
1
l一
I
1
1

叩
け
け
け
叩
け
汀
け
ry

-
-
-
-
-
-
-
-
-

3
Ie
te
te
e
e
B
S
B

withreinLorcemeJ)I;Windowdiazneter:3EZB;-:nOreSdt;AC:activecaqbn

3.3TernpBraturePrO川o

Typicaltemperattm proGlesofHMX･RDX･
PETN.zLndtetrylareshown iJIFig･5･Atemperattm
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ColhserirTadiatitm.theabwrbedenerwbydie
yapo血edexplosiyemaymudlSm姐erinthecawof
rubylaserirradiation.
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atwhichfurtherm飽乱打モmentO
Etemperature
ぬ
me

imp㈱ibledtJetOthesharpincreaseo
E
saJnple

temperattqewasdefinedasallipitiontemperamre.
TheipitiontemperattLreSare血Own

inTable7.HMX.RDX.PETN.aJldtetrylexplodedab

oyetheirm.p'8.neteJTLPCrabreprofil

esoEHMXaJldRDXShowedashzphcreiLSene打their

m.p.'S.FortetrylaJldPETN.theirm.p.'swere

notrecognizedpztr･bablybeausetheirtenpetatureTiscsyeretooCastb be托COrdedonthe

penaJldinkrccorder･neignitiontimeoEPETN was

unexpectedlylong.ThetemperatureprofileoEPETNs

howedthetemperattuereachedtotheignidontempera

ture(225℃)inafewsecondsbutdidnotexp



9)rbsb引汀ぬ mandthetipperpartWouldshow

highertemperahrethiLnthelowerpartofexplosiye

duetop00rthermalconducdyityoEexplosives.

3.4 Comprjsonofotherheati叩 PrOCOduro

Table7showstheipitionener由esEorrtlbyhser3J

azldmicrowayellirradiation.

neignitioneAergie90LsomeexplosiyesbytheCO2

userirradiadonwere66to770Jwhichlocatedbet･

weenrubylaserandmicrovayeipidonenergies.

nemechnismoEexplosiozlOEexplosiyesbynlby

userwoddbe causedby8hckWaveoE帥 tch

poup8afterincreasingipitiontime.the

8hortestp upindudedHMX,RDX.PETN.

andtetrylandthelongestp upindtldedTNT,

PA.AN,aJldComp.JIwasaniJ)ternediate･

(3)Theipition血 e血 meSbrterwhentheBeaI･

edcontaiJlerWasinsertedinzLnirt)Aholder.

(4)neignitiontemperattJreSOLHMX,RDX,

tetrylyerehigherthantheirignitionpointsHト

quiredtocau父ipidonin5S.

(5)AddidonoEacdyecaqbondlOrtenedtheipi･
tiontimeinthecaseoEopen･mDuthedcontmi er.

pulseLaserandonlyayeTTthinsurfacem Ⅷ Roferences

heated.hColhsq.irradiatedla紀rbeaJTIheatedex･

plosiveanditexplodedwhensampletemperattlre

readleditsignitiontemperature.AtherTnOCOuple
embeddedhaEewロ)tmderthe8urEaceofaJIeX･

plosivedetectednosigniEiczLnttemperaturerisevheA

aColLaserWZLSirradiated･ItindicatedthatCOLLaser

penetrationyasnotyerydeepandthemel血goEex･

plosive湖 山山tedonasurhcea托a.hmicroypaye

hea血g･inqeJ)eTd.meI山鳩OEaWholeexplosivevpas

observed･neipitionenergywodddependonthe

volumeoEexplosiyeStObeheated.

4.ConcluBions

ContinuouswareColuserignitionwascarriedout

onHMX.RDX.PETN,tetryl,TNT,PA.AN.aJld
●

Comp･BazIdtheEouowbgconclusionswereobtmied:

(1) HMX,RDX.PETN.andtebTIwereexplded

whentheyWerecon血ediJtaSealedcontainer
withaKBrwindov.

(2) TheexplosiyeSteStedwereseparatedinthree
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CO2レーザによる爆薬の起爆

遜江和夫●.池野 均●,渋谷 幹暮.佐藤平^郎●̀

中原正二●

工業加工用に広く用いられている連続波CO2レーザにより.起爆薬を用いずに.爆薬を

直接起爆することを妖みた.開放式事蕃i:･ほいずれの爆薬も爆轟はしなかった.着火時間

から判定すると.CO2レ-ザに滋感なものはHMX,RDX.PETN,テト')ルで,TNT,

ピタ1)./酸,硝酸アンモニウムは鈍感,コ･/ポジションBはその中間で･あった.鋭感な4

俄の爆薬については.申開容掛こ入れて.L,-ザを照射し壌轟の有無を網べた.

(+防衛大学校化学教室 〒239横束焚市走水1-10-20

H防衛大学校同気工学教室 〒239横須究市走水 1-10-20)
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