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Initiation of Explosives by Microwave Irradiation

by Kazuo HASUE* Masami TANABE* Shoji NAKAHARA*
Shinjiro TASHIRO** and Fumiaki OKADA**

Initiation of explosives by microwave irradiation has never been reported. In this

paper, several explosives were confined in ceramic tubes (hard alumina) and their reac-

tions by microwave irradiation were observed. It was found that dynamite was initiated

by microwave irradiation but emulsion explosive was not initiated because evaporated

water component’s pressure caused openings between glass plugs and the ceramic tube.
PETN, RDX, tetryl, and HMX were able to be initiated at 2. 5kW microwave power
levels but PETN, RDX, and tetryl were not initiated at 1. 5kW microwave power levels.

The frequency of a CW 5kW microwave power source was 2450 + 50 MHz.
By mixing additives such as silicon carbide or active carbon, PETN, RDX, and tetryl
were initiated at 1. 5kW microwave power levels.

1. Introduction

The microwave region of the electromagnetic
spectrum may be defined as the frequency range
between 1, 000 MHz and 30, 000 MHz. Microwave
techniques are being adopted increasingly in such
diverse applications as radio astronomy, long-dis-
tance communication, navigation, microwave oven,
and the study of physical and chemical properties
of matter!”. The destruction of building materials
and rocks by microwave irradiation has become of
interest in recent years? ¥4, However, initiation
of explosives by microwave irradiation has not
been reported.

In this report, explosives were confined in a
strong ceramic container which was placed in a
rectangular waveguide and the reaction by micro-
wave irradiation was observed.

The absorbed power P, which is produced by
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microwave dielectric heating is given by the follow-
ing equation?!’,

P=(5/9) fe, 1an $E 10-1? (W/cm?) (§ 1]
where f is frequency (Hz), ¢, is relative permittivi-
ty, tan & is dielectric loss, and E is electric field
intensity (V/cm).

In the above equation, if the value of f and E are
constant, then P depends on both ¢, and tan & of
the explosive. Because ¢, of water, which has a
large dielectric loss, is 80 and &, of polyethylene,
which has a small dielectric loss, is 2. 33!, the dif-
ference of ¢ in explosives was expected to be
about two orders.

On the other hand, the difference of tan é in ex-
plosives might be four to five orders.

Therefore, it was expected that some explosives
which have large dielectric losses could be initi-
ated by microwave irradiation while other explo-
sives with small dielectric losses could also be ini-
tiated by means of mixing with some materials with
large dielectric losses.

2. Experimental

2. 1. Explosives

Explosives used in this paper were dynamite
(Ne. 2 Enoki), emulsion explosive, PETN, RDX,
tetryl, and HMX.

Silicon carbide and active carbon were used as
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Table 1 Dielectric loss of explosives
and additives

Sample Dielectric loss (tan é)
Emulsion explosive | Not measurable
Dynamite Not measurable
PETN 3.0x10-?

RDX 6.7%1074
Ammonium nitrate | 6.2Xx10"¢
Tetryl 5.5x10"*
TNT 1.2x10"¢
HMX 2.9x10%
Silicon carbide Not measurable
Active carbon Not measurable
Graphite Not measurable
Charcoal 8.4x10"?
e—— 15mm P - — 1

Alnma\\:l !

Glass Plugs

Explosive

b ———
b ———

Fig.1 Sample tube configurations

additives because of their large dielectric losses.
These materials’ dielectric losses are shown in
Table. 1 The dielectric loss was measured by plac-
ing the sample in a maximum electric field of a rec-

tangular cavity resonator at room temperature.

The weight of explosives ranged from 0. 2g to
0.45g and they were confined in hard alumina
tubes, as shown in Fig. 1. Alumina’s bending
strength is 3, 276kgf/cm?, compression strength is
28, 875kgf/cm?, and Mohs’ scale of hardness is 9°’.

Both ends of the containers were closed by glass
plugs (6mm in diameter, 5mm in height) using
epoxide resin additive on the insides of container

walls,

2.2 Expsrimental apparatus

The experimental arrangements are shown in
Fig. 2. The power souce was a continuous wave 5
kW magnetron and its frequency was 2450 + 50
MHz. The incident power Po was measured by a
power meter connected to a directional coupler.

Since the power divider can divide microwave
power arbitrarily into either a sample chamber or
a microwave water load, the incident power to the
sample chamber was easily varied from 75W to 2. 5

" kW.

The circulator is a device which couples only in
one direction; the arrow in Fig. 2 shows the coupl-
ing direction. The circulater made microwaves
propagate to the sample chamber and reflected
microwaves from the chamber wall propagate to
the microwave water load. Water is well known as
a good microwave absorbent. The microwave
water load was used as a device to absorb unneces-
sary microwaves,

The directional coupler separates the incident
microwave from the reflected microwave and the
incident microwave power was measured by the
power meter.

The sample chamber was made of 3mm thick
mild steel plates with many 2mm holes. The sam-
ple chamber was coupled with the waveguide.
And a Smm polyethylene plate, which has a small
dielectric loss, was inserted between them to pro-

tect the waveguide from explosion fragments.

Circulator

Microwave Power

Power Source Divider

el — Q5

Directional

Coupler

Microwave
Water Load

Microwave
VWater Load

Power
Meter

Fig.2 Block diagram of experimental apparatus
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A hard alumina tube which contained explosive
was placed in the sample chamber at the point of
maximum intensity in the electric field. The posi-
tion of the maximum intensity is one-fourth of a
guide wavelength from the short circuit of the sam-
ple chamber, as shown in Fig. 3.

2.3 Judgement criteria of explosion

Explosion and no explosion judgment criteria
are shown in Table 2. The sample tube was com-
pletely shattered in explosion, broken into several
fragments in half-explosion, and held its original
shape in no-explosion.

3. Results

The experimental results of some explosives with
large dielectric loss are shown in Table 3. Dyna-
mite was initiated and emulsion explosive was not
initiated at 1. 5kW microwave power levels,

PETN, RDX, tetryl and their mixture with silicon
carbide or active carbon were irradiated by 1. 5kW
microwave and the results are shown in Table 4.
PETN, RDX, and tetryl were not initiated. But their
mixtures with silicon carbide or active carbon
were intiated at 1. 5kW microwave power levels.

The results of 2. 5kW microwave irradiation on
PETN, RDX, tetryl, HMX, and their mixtures with
silicon carbide or active carbon are shown in Table
5. PETN, RDX, tetryl, and HMX were initiated
without additives at 2. 5kW microwave power lev-
els.

4. Discussion

To initiate explosives by microwave irradiation,
explosives had to be confined in sample tubes till
the temperature of the explosives exceeded their

ignition temperature. A larger microwave power

______ Sample
|
Microwave ! Circuit
_______ 1
1
—_— e —— e el - v — — - -— |- — _k
~
~
Y
~ ~
Waveguide l 37mm 1
Fig.3 Sample chamber configurations
Table 2 Explosion judgment criteria
Judgment Criteria
Explosion Sample tube was shattered into small pieces and little of explosive
«0) was left unreacted.

Half- explosion

Sample tube was broken into several pieces and some part of

a) ‘ explosive was left unreacted.

No- explosion

Sample tube held its original shape and some part of explosive

(x) burned ostside of the tube or smoke was observed.

Table 3 Reaction of explosives by microwave irradiation

Explosive No additive With silicon carbide
Emulsion explosive X X
Dynamite O O
1.5kW microwave power levels
Kogyd Kayaku, Vol. 48, No.2, 1985 — 89 —



Table 4 Reaction of explosives by microwave irradiation

PETN

Explosive

RDX Tetryl

Additive AC

Additivi
content (%)

SiC SiC AC

0
10
20
30

xO0O0O0OO0OO0O0

40
50
60
70

xxxpPODO
Xx0000O0
ob Db
>DD>

1.5kW microwave power levels
SiC, silicon carbide ; AC, active carbon

Table 5 Reaction of explosives by microwave irradiation

Explosive PETN

RDX Tetryl HMX

Additive | SiC AC

Additive
content (%)

SiC

AC SiC AC SiC

0
10
20
30

0000000
xOPOOOO

40
50
60
70

xOPOOOO

O

xx0000O0
X X X X0Ox
xxx000
X X X XX XxXQO
XX xQ0P> xO

2.5kW microwave power levels
SiC, silicon carbide ; AC, active carbon

and stronger container would be preferable when
initiating explosives.

The strength of a container depends on the
strength of a tube as well as the strength of plugs.
Although the strength of the container might vary
with the adhesive conditions, the initiation results
of explosives were consistent except in a few cases.

Because of its large dielectric loss, dynamite ex-
ploded with or without the additives when the in-
cident power was 0. 9kW. The reason for dyna.
mite’s large dielectric loss was not clear.

Eventhough emulsion explosive has a large di-
electric loss, it was not initiated with or without the
additives. The reason for no-explosion of emulsion
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explosive was that water in the cxplosive was evap-
orated by microwave heating and the steam’s high
pressure broke the seal and the explosive eventual-
ly leaked out of the opening and burned outside
the container. C+-H+N«O explosives were initiated
without the additives at 2.5kW microwave power
levels but they were not initiated without the addi-
tives at 1. 5kW microwave power levels. Mixing
the additives, especially active carbon, with C-H -
N« O explosives lowered the critical initiation ener-
gy of them,

The order of the initiation sensitivity by micro-
wave irradiation was PETN, RDX, tetryl, and HMX
and that was the same order of their dielectric loss.
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Table 6 Reflectivity and the power absorbed

Sample Reflectivity P’/ Py
Emulsion explosive 0.86 0.26
Dynamite 0.95 0.10
PETN with 59 SiC 0.96 0.08
Sample tube 0.95 0.10

P!, power absorbed by a sample;
P,, incident power

The reflectivity of hard alumina tubes and some
explosives which were confined in the hard alumi-
na tubes are shown in Table 6. The reflectivity of
emulsion explosive was lower than that of the hard
alumina tubes. This indicated that emulsion explo-
sive was easily heated by microwave irradiation
because of its water component. On the contrary,
because PETN with 5% silicon carbide had large
reflectivity, it would be difficult to raise its tempera
ture by microwave irradiation.

P’, the power absorbed by sample, is given by
the following equation,

P'=Po (1|3 (2)
where P, is incident power and I is voltage reflec-
tivity,

From 8% to 26 % of irradiation power was ab-
sorbed by the samples, as shown in Table 6. The
strength of the hard alumina tube was enough to
make some explosives explode but the reflectivity
of samples seemed too large. Methods of lowering
the reflectivity will be sought. The microwave ini-
tiation of the secondary explosives without addi-
tives would be useful for safer underwater explo-
sions than the conventional methods.

5. Conclusion

Initiating six explosives, with or without addi-
tives such as silicon carbide and active carbon, by
microwave irradiation was investigated.

The main conclusions are as follows.

(1) Explosives were able to be initiated by mi-

crowave irradiation.

(20 Dynamite, which has a large dielectric loss,

was casily initiated but emulsion explosive,
which also has a large dielectric loss, was not
initiated by microwave irradiation because the
water in emulsion explosive was evaporated
by microwave heating and the generated steam
pressure broke the seal of the container.

(3) C+H<N-.O explosives such as PETN, RDX,
tetryl, and HMX were initiated at 2. 5kW micro-
wave power levels. PETN, RDX, and tetryl
were not initiated without additives, such as
silicon carbide or active carbon, but they were
initiated with. the additives at 1. 5kW micro-
wave power levels. In C-H - N« O explosives,
the order of initiation sensitivity was the same
as that of their dielectric loss.

(Support of the Technology Promotion Associa-
tion for Explosive Industry to this project is
gratefully acknowledged.)
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