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Table 1 Measurement condition of sample explosives.
Explosive Appearance Drying Powtz:;:il::)metcr
Tetryl Powdery V;ihti"'c, 48— 100
PETN ” P "
RDX " ” ”
HMX " " ”
TNT » ” 32—
Black Vac. room,
Powder " temp. 24hrs, 100—
ANFO Granulous ”
Comp. B Powdery ”
Comp. A-3 Granulous ”
Hexal Powdery ” 100—
chopper chosaed tight '
microshone

lock in amp, Si9. %?

1
microphone

boxcar
tegra

Fig.1 Measurement system of PAS.

NBEERD -, FHOVBIERERIL, JIS K481045E
2T, Skg DEH>VERERRCI LY, RA—EHT6
BSHREL, S0%RRERND .

3. mEER

31 ERABEFIOPARRY kL

Fig.3(a)~() iMoo XKIRBINDPA 227 p 1 &
RYT. XMAX ERENTWENiL, PABSHAE
DEKAN (0.84V/10uW &MfrL LT5), XR &
FRLTWANON, =L —Fi (0.6943pm) (2
B3 5PAMABHMKETHS,

LEMLEHE L LTI, MEXK, ANFO, HMX
EBVT, L0, L3m fHiFici@or—72R6h
soenfons, chone—7it, PETN,RD
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7 [—Y New
sample chamser | oU'C®°

3@ —A preamolifier

vaive

Fig.2 Cross-scctional view of PAS cell.

X i HlECR6AL,
@ REkE
AREFRIC BV TENRER, —BRTHY
73774 bOLDOLELEEILTWS, PA
BRI, toXRBISHL TRE2HiEL
3, ‘
(B8) Hexal
A[EL HRARFURIC BT KA ik L
A, LO0pm, L3um ffigic CHFE 22— 7 A0
Rehs,
) PETN, RDX
L0, L.3pm fHiRICHiF - 7030 6h,
RY— L —FEECH PARSIEIE, HESY
R&nflig ks,
D) HMX, ANFO
L 4pm (HEOEHRAGURICBF 2 £ — 2
Rohs, PARESORXHUL, rE—v—+
FERTO PA BEHMEOFH0BZRT 5,
) Comp. A-3, Comp.B
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PA intensity (arb. unit)

PA intensity (arb. unit)

PA intensity (orb. unit)

10r XMAX 16.7 XR 7.0
QSE
04 08 12 1.6
Wave length (zm)
(8)
1.0 XMAX 17.67 XR 11.67

8
T

L
1.2

04 Q8 1.6
Wave leagth (um)
L)
1.0 XMAX 5441 XR 473

04

A A

o8 12
Wave length (um)

1.6

()

- 0F XMAX 1706 XR 1.99
5
g ash
£
=
! 1
04 08 12 1.6
Warve length (um)
@
1.0 XMAX 257 XR 0.7
E ost
5
L
04 0B 12 1.6
Wave length (um)
()
'l.OL XMAX 2241 XR 1.27
2 ost
g
04 o8 1.2 1.6
Wave leagth (um)
184)
IRAIEESEE
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10 XMAX 189 XR 0.80 10~ XMAX 2029 XR 378

EQ# £ os
0% 08 1.2 16 04 08 1.2 16
Wave length (um) Wave leagth (pm)
® @)
10F XMAX 7.92 XR 0.57 _ 10 XMAX 1920 XR 122
: :
£ 5
s £ ost
< s
-5
\/\/\L/\ . - .
04 08 1.2 1.6 04 08 1.2 1.6
Wave length (um) Wave length (um)
() (i)

Fig.3 PA spectra of explosives
(a) Black powder (b) Hexal (c) PETN (d) RDX (e) HMX (f) ANFO (8 Comp. A-3
(h) Comp.B (i) TNT (j) Tetryl

PA (BB 2EICNIEL, nEC—1L—¥FE 5, BRAKRZRLX—ERLAEY, PETN RDXjz»
£00 PA @HRERSEIIEL, -1 — WTI, SEREMATHEVRSIZLIRIZBE>TWS
FHE{TO PA BEREICHNTIE, 1T LIE DI THEN, EERENMAI BRI X~
BIZHSWHERLTWS, X, 89N 1BWIZTHY, PARBSHER, #H10~

(F) TNT, Tetryl 0S|I » T, PAEEHBENOBKE L —vViRiG

PA BEHER, ¥56 LHBHKE S, BB OROBERAAT A ¥—1x, NIENMAKIZ2-T
EFEEGIRVET L, ATRXGIRTESTAENIY B3I Lrbhd,

TSRO, UL 22sie, RDX o4, Bz, 6CTL EN-
3.2 BOVLBES KURNRIRR kD, BOVRBEDOEICAOWTRENZYARICT
Table 2 (SIEERE OB L 5% WML ABNEK Mok lizTassv, —F, HMX icdwTit, 5

AEOVWBENES, rt—t—¥F¥RETOPARE REMASILELIIBREE-LITOIMbGLY, B
HELMEREL 2 AZBICHT5 L —-FEBREE B EN-Tev, £, Tetrylizisn TR, EER
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Explosive | Ignition Drop ham-| Laser initiation test*® | PA. int.
tempera- mer test | Classifi- Pulse at 0.6943xm
ture,5s(°C) | 5kg, (cm) | cation of energy (Ruby)

reaction (J) (arb.unit)

PETN

(*A.C.0%) 225 26 D 0.84 4,73
{ A.C.5%) 214 9 D 0.11 47.20
RDX

( A.C.0%) 272 18 b 0.99 1.99
( A.C.5%) 278 14 D 0.14 40.90
HMX

( A.C.0%) 335 19 N 0.99 0.75
( A.C.5%) 288 22 D 0.30 37.60
Tetryl

( A.C.0%) 257 S0 1 0.39 1.22
( A.C.5%) 235 35 1 0.33 40.20
TNT

{ A.C.0%) 475 >100 N 0.87 3.78
( A.C.5%) — >100 N 0.99 46.80
Comp.B

{ A.C.0%) 278 100 N 1.19 0.57
{ A.C.5%) — 20 I 0.39 36.10
Comp.A-3 ]

( A.C.0%) 250 60 N 0.96 0.50
( A.C.5%) 249 22 N 0.97 36.00

D:detonation, N:non-detonation, I:imcomplete detonation.
* A.C.: active carbon, ** Ref.2.

o‘é' =

£ £

e 820

8 T

> =

G =

2 0

g £10

£ <

= -

& S R & N BT B
0 10 20 0 10 20

Concentration of A.C.(%) Concentration of A.C.(%)
Fig.4 PA intersity (PETN) at 0.6943um Fig.5 PA intensity (RDX) at 0.6943pm

versus concentration of active carbon versus concentration of active carbon

EMRADERKAPBELITRSIC LMD OY, B ALBAOBEMSERARICIHEL A E— L —Fik

BREEAREL T hate, RTHOPA{EEHMEC, REBRIBIz VTR, B
3. 3 EEHERMEYD PA (B mEORER IHEERRME I 2 F R SRS,
Fig.4 3 X ¢ Fig.5:%, PETN, RDXcfE{gbie n F— 213, B CHBERL A,
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~ L - A
2 500 N z | 4
: xTNT 3 1C0 lcomp.a ?NT ‘ XTINTZ)
: =
2 £
g aMx CompA-3(5") 3
£ 300 womps gox  °mp  \ RN s XComain
5 = z omRA=3
s CcmaA-S -etryi p— 2Heal ‘I:'.'. '1£(_;>'.).~ S (r ATetryl
= =1 ~zi 101 =
Z = lsetryn("l.)
& Cr ? op:TN XAo r‘IMX 39 ))
- = YHMX ORDX TS Compie3e Rox (5°0)
: ! " } 2 o (5%) * PEIN(E%,)
as 10 5 10 30 0 O:5 1.‘0 5’ 16 5 2
PA intensity (arb. unit) N .
) PA intensity (grb. unit)
Fig.6 PA intensity, ignition temperature and S

laser initiation of explosives (Ref. 2)
O @ :detonation A A :imcomplete
detonation X : imcomplete detonation

Fig. 7 PA intensity, drop hammer height and

laser initiation of explosives (Ref, 2)
O @ : detonation A A : imcomplete
detonation X non-detonation

Table3 PA intensity and experimental results for '

laser initiation of explosives.

XMAX Ruby PA int. Classifi-
Explosive PA int. at 0.6943 ym cation of
(arb. unit) (arb. unit) reaction¥
Black
16.70 7.0 Co
powder
Hexal 17.67 - 11.67 1
Tetryl 19.20 1.22 I
PETN 54. 41 4.73 D
RDX 17.06 1.99 D
HMX 25.71 0.75 N
Comp.A-3 1.89 0.50 N
Comp.B 7.92 0.57 N
TNT 20.29 3.78 N
ANFO 22.41 1.27 N

Co : combustion, Other symbols are the same as Table 2.

*Ref. 2.

y=az +b(1—x)

¥ EXBIRE, o EEROFRB
b AREIDOKBZIR, x: ERROBE

-z KEB DR

PETN (2#vCi¥, a=71.4, b=3.65
RDX jz$v T, a=69.1, b=77

gz,

/2, Zhick 0 iSR0XRRE L KEHEF

RBRBARDONILZ LIZ S,
4 H B
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4.1 NIAORRARY b
FRABBENOGEM A7 b LIHIET S PA 2RY
Fts 10, 1.3um fHEORKGEOE— 2 RGNS
ZEpbhats, h6ix, AOERE—71.14,1.39
pm SEVA, KBRBIC L 5BNH 52 &, kDESA
HRETINIIRE—IORGREWIENG, &
LAz 27K, =balE, HE V=TI
KicHBELBRREELOGNS,

v-FRERFHCBET 5 LR, BBk L RN
KRS, GRS RAX—1F, B, EOE
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Ehdh, EEREIEDRS, 203 RO TR
HEnd3z Rk ¥—ERMETH NN PASTH 54,
TNT, Tetryl » & 5 2 RIE &8 0iE+ & 7] {1 EGUR
TSN FE A D 5 XFBIC >V Tid, ESHER
ZRECLSBEHA/EL TVWAELDTHSS. Th
HNKEBUZHVWT PAEFSHHEMHKE ifiTh-
Th, vV—F¥BIBICRBG 200, ZhdFENG
LhZew,

4.2 PA{BBRAL L—-VERIBRG

PA B5¥MEL v - ¥RBAREEAOLZRERE K
BLTABL, Table3 (CiRTEBIAE—L—F
£°0 PAREAMLR, 8, $B, BETH kK
BTRAE{, FIRTH- KIS, ML E;
flikEszhibmal, LOLiAG, TNT ¥
B —uv—¥BRETH PAESRMESHESAS 1,
i s bbbt RBTH- /2, £/, FIBRT
Ho L kIFnPIz , PARSHEORKHNKEN
LOLRGHRK,

#2-TCFig6BIUFigTicnv—v—FHESO
PABSAXEAVTL—FREBREE SR, RiB
LRBAR, BHOVBELOMBERL/L, Fig 7& R
53¢, BEIBoTWHKEBINEATICMEY, BT
HOEKEENELIME>THBZenn, HRBE
EC, BMAKEVKREIZVBBLOT W EN
b/, Fig.6 Tit, BEFRL A KESIIHENE
BB, BAEOBEISEVHEGELZVWES TH
3,

Yang 62 943, L A8, Tetryl DS,
HRY L BEN D, RDX Citb¥nBERHY,
PETN CRE@ILVEVSTHS, UL, (N
KRB CIEER S BHIBML AL &, TOEHPBAA

A& SEL v, BREME A ¥—-2HFLL
BRPLIEVIERERD L, v —+—XIRTHEL
TEALTWSHRAMO LD KREVEBIONAD, &
612, 3.3 CRL i PA (B HME ORMEIERBEC
45 HPBE) CERAKRE £ A X — 2B 5B IE
ERNOERRELBETSILNTESERBbAS,
5. & B
KIRBUH L, FIfH 6ERAGUR TORRR R~
7 bAERTENNELE (PAS) £AWTREL TR
BsRednr,
(1) Lv—FICLSARBNRBORE, tE—L—F
¥ (0.6943pm) i3, FERLLTRBBERE RS,
LOBLIUXLIumBRAFHIELBDNS,
2 v—¥RAGER, WRGEL ORISR,
PA {BSHBEL e 0 BvHRAE LA Z L aibra k.,
{33 PETN RDX v TaAt—v—FERCoEMN
EERORRBIBGHh, E0H&, PAREAMEN
B & OGN 6 KRB KRN & IBMISEERO RN
NWENRH N/,
X B
1) A. G. Rosencwaig, "Photoacoustics and Pho-
toacoustic Spectroscopy”, (1981) Academic
Press.
2) Bifok, PRt PHIEZ, <P, MPEK
=88, E)IBE ILHEKZE, 44, 281 (1983).
3) L. C. Yang and V. J. Menichelli, Applied Phys-
ics Letters 19, (11), 473 (1971).
4) V.J. Menichelli and L. C. Yang. "Proceedings
of 7th Synposium on Explosives and Pyrotech-
nics”, M-2-1 (1972).
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Photoacoustic Spectroscopy of Some Eyplosives

by Kazuo HASUE* Shoji NAKAHARA®* Hideo WADA*
Jun MORIMOTO#* and Toru MIYAKAWA*

Photoacoustic spectra of powdered samples of explosives were measured in the
wavelength range from visible to near infrared.

Most explosives sho_wpd peaks in the PA spectraaround 1.0¢m and 1.3;m. A
linear dependence of the PA signal on the fractional density of added laser absorp-
tive substance (active carbon powders) was found.

The critical energy for laker ignition was found to depend strongly on the PA
signal intensity at the laser wavelength and, to a lesser extent, the impact sensi-
tivity.

(*The National Defense Academy, 1—10—20, Hashirimizu, Yokosuka,

Kanagawa, 239, Japan.)
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