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Properties of samples

~ Table1
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§ ..S 3 >|> i 1
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S
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Table 2 Properties of containers

. tand Maximum usable Tensile strength 13

Material ¢ (X104 temp. (C) (kgf/mm?)
Alumina 8~119 1~ 10 % 1500 ¥ 12.0~12.6
Soda—lime glass 7 ~ 1410 100~1701® 550~ 60013’ 4.5~9.0
Pyrex glass 4.6 MW 56.5 W 821 W -
Quartz glass 3.8 w» 1.7 © 1530 » 30~80
Teflon 2.01 2.4 W 288 1% 1.41~8.16
Silicone rubber 31w 540 103 175~25010) 0.2~1.0

Nieromave Power Cisculator Directionsl — Stud 1 Directionsl Applicstor
Power Source Divider Coupler 1 Tuner | | Coupler 2 (§uple) )
1 ] T
Rierowave Nierowave Power I—— Power *«J Thermocouple
Weter Load Water Load Honitor Neter —

{Recorder H Infrared Thermometer I

Pig.2 Block diagram of the equipment
i"% ; for matching initiation experiment
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Table 3 Initiation delay time (Anode current: 1.1A)

_ Sample) AN | Tewyl | PETN | RDX | HMX | TNT
Sample tube material
Soda—lime glass 6 9 11 13 13
Teflon — 13 13 15 53
Alumina!? - 13 8 13 -
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Table 4 Initiation energy in the sample tube (Type 3)

Anode Incident Reflected Reflectivity Initiation Initiation
current Sample power power delay time energy
(A) Pa Py’ Py /Py t (Pa- Py’ )
(kW) (kW) (%) (sec) xt (k)
AN 3.5 3.23 92.3 3* —
Tetryl 3.5 3.14 89.7 6 2.16
1.1 PETN 35 3.16 9.3 8 2.72
RDX 3.5 3.13 89.4 9 3.33
HMX 3.5 323 92.3 14 3.78
TNT 3.4 3.07 90.3 15* -
* : The sample disappeared without rupturing a sample tube.
r, B L ¥—i35~11k] tH5, VELTEFNEN -1,

B S NREMFIC > TSGR 1. 1A, 0.8A, 0.5
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SN ESEHCHBRHE) 201, Bz ¥
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4INRB R F—ZPpEMN oIz, ThoOREFT
LERIENBFMIE B, 7 b Y a, PETN,
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HMX & TNT 562), YRR 0 ¥ — FHE,
PETN, # kY n, RDX, HMX, TNT i & % »
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bot, BRLEFELNIZRDX T, EHHE L, BT
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Table 5 Initiation energy in the sample tube (Type4)

Anode Incident Reflected Reflectivity Initiation Initiation
current Sample power power delay time energy
Py Py’ Pd /Py ¢ (Po-Po')
A (kW) (kW) (%) (see) | xt(kD)
Tetryl 1.8 1.49 82.8 18 5.58
PETN 1.75 1.43 81.7 20 6. 40
0.5 RDX 1.8 1.50 83.3 25 7.50
HMX 1.75 1.46 83.4 38 11.02
TNT 1.75 146 83.4 31 8.99
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Table8 Initiation energy in the sample tube (Type5)

Anode Incident Reflected Reflectivity Initiation Initiation
Samopl current power power delay time energy
ample 1 Pa Py’ Py’ /Py t (Po-Pa')
(A) (kW) (kW) (%) (sec) xt (kJ)
1.1 3.60 3.23 89.7 7 2.6
0.8 2.70 2.43 90.0 6 1.6
AN 0.5 1.75 1.50 85.7 18 4.5
0.3 0.92 0.83 90. 2 38 3.4
(88.9) (3.0)
0.1* 0.65 0.58 99.2 70 4.9
1.1 3.5 3.26 93.1 8 1.9
0.8 2.70 2.42 89.6 12 3.4
0.5 1.75 1.38 78.9 22 8.1
Tetryl
0.3 0.95 0.83 87.4 40 4.8
(87.3) (4.6)
0.1* 0. 65 0. 61 93.8 61 2.4
1.1 3.50 3.12 89.1 9 3.4
0.8 2.70 2.40 88.9 14 4.2
PETN 0.5 1.75 1. 46 83.4 23 6.7
0.3 0.92 0.85 92. 4 46 3.2
(88.5) (4.49)
0.1* 0. 60 0.57 95.0 72 2.2
1.1 3.50 -3.01 86.0 11 5.4
0.8 2.70 2.38 88.1 16 5.1
RDX 0.5 1.75 1.48 84.6 30 8.1
0.3 0.92 0.85 92. 4 63 4.4
(87.8) (5.8)
0.1* 0.65 0.61 93.8 88 3.5
1.1 3.50 3.07 87.7 14 6.0
0.8 2.70 2.42 89.6 19 5.3
HMX 0.5 1.75 1. 46 83.4 41 11.9
0.3 0.92 0.85 92. 4 63 4.4
(88.3) (6.9)
0.1* 0.65 0.61 93.8 88 3.5
1.1 3.50 3.18 9.9 16 5.1
0.8 2.70 2.38 88.1 21 6.7
.5 . . . .
INT 0 1.75 1. 47 84.0 M 9.5
0.3 0.92 0.83 90. 2 92 8.2
(88.3) (7.4)
0.1* 0.70 0.63 90.0 100 7.0
( ) : The average initiation energy from 1. 1A to 0. 3A
0.1* : The matehing device was used.
ot CItiEthe, M e { EnEacmiics .4 RHOBADE

DRBTIONBHGHL, BFIXF F Y LRIERIC
hELS, RETROPKE BRI~ 12,
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Table 7 Irradiation time for melting and initiation

f:\ur:-?g:t Irradiation time (sec) IT—MP
L 1A 0. 8A 0. 5A 0. 3A C)
Sample | Melting |Initiation Melting |Initiation | Melting | Initiation | Melting |Initiation
AN ? 7 ? 6 16.8 18 36 38 128
Tetryl ? 8 9 12 16 22 33.5 40 84
PETN 5 9.1 9 14 16 23 35 46 60
RDX 11 11.2 15 16 29 30 62 63 59
HMX 14 14.3 16 19 40 41 — 64 394
TNT 3 16 5 21 9 34 20 92 155
IT—MP : The difference between ignition temperature (5sec) and melting point.

? : The melting of the sample was not clearly observed.

: The sample did not melt.

& FRNESM & Table 8 2 5+, BExic X 5RE T,
RiRix100C ¢85 L DRCIBEASER, 23C
ECRBLA, 7 b Y A 110C (550 6 QiICBEE
BRLER L 237C{HE e L /2, PETN i3 120CHif
NOHIBEEARQIC LR &bk, 207CHETRBLA,
BF L bRAGH CRARICIBENER L, BARALY
BRFERECEML /o, HMX 380 & iz i2FH
SagicipEs LR L, 238CHHECERL -, TNT
1280°CHHfE C—MBA A LA L 200°C FHE TR LA
NP B Rzl ) 00CEHETHUHLA LT 338

CHHECRBLL,
RARBEEHC L 3RETIR, KB I ARFTD
BE, BRI I120CHEMGREADLERL, 287C
HETEBLA, 7 b Y it 120C [HE RN LS
L, 200CfHECRIBL /2, PETN (2135C {ifn 6
BEE LRI, 193C (e Cc@iL /2, RDX
X 168°CRHER GIREENA LS L, 20T LOES
Liz, ZOBEEMSHOBRIZ S TRLARTDH
o, HMX el & i3 FHH L iR LR L, 254
CHHE TR L=, TNT ixRi#ty g LR L, 337

Table8 Sample temperature and irradiation time (Anode current: 0.3A)

S 1
Method | Tube material AMP 1 AN |Tetryl |[PETN |RDX |HMX |TNT
T, (C) 120 110 120 - ? 80
it (sec) 45 85 79 — ? 52
Thermocouple | Pyrex glass
T. (C) 273 237 207 - 238 338
it (sec) 50 90 91 - 258 183
T, (C) 120 120 135 168 ? -
Soda-lime it (sec) 33 36 41 54 ? -
glass T. (T) 287 200 193 200 254 337
Infrared it (sec) 37 38 48 55 78 61
thermometer T, (C) 118 110 132 168 ? —
it (sec) 46 49 57 91 ? —
Pyrex glass .
T. (C) 270 200 195 200 205 —
_ it (sec) 51 51 61 92 120 -
T, :The temperature at which the sample temperature rose rapidly.

T,
it : Irradiation time

: The results could not be obtained.
? : No observation was made
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: The temperature above which the temperature rise became too fast to be measured.
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Initiation of Explosives by Microwave Heating

by Kazuo HASUE®,

Nobutune WATANABE®*,

Shoji NAKAHARA®,

Koichi OHWI*¢, and Fumiaki OKADA**

Microwave heating of ammonium nitrate (AN), tetryl, PETN, RDX, HMX, and
TNT was carried out at the frequency of 2450 MHz with and without a matching

device.

‘After several configurations of sample tubes were tried, the samples were con-

fined in a soda-lime glass tube with teflon and silicon rubber plugs.

The order

of the initiation delay time was AN, tetryl, PETN, RDX, HMX, and TNT. Also,
the order of the initiation energy of samples was the same when the anode cur-

rents of microwave power source were 1.1A and 0.8A. Using a matching device,

the samples were initiated by lower incident power.

The initiation processes of

samples were recorded on videotapes which showed that the samples generally melt

before initiated.

The sample temperatures were measured by a chromel-alumel

and an infrared thermometer.

thermocouple

The sample temperatures started to rise rapidly

when the temperatures neared the mdlting points of samples and the samples ini-

tiated near their ignition temperatures of five second delay.
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#+Department of Electrical Engineering, The National Defense
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