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Abstract — A behavior (values of power thresholds
and delays of ignition) of the pressed samples of py-
rotechnic composition (PC) of ammonium perchlo-
rate (APC) and superdispersed aluminium (SDA)
taken in a stochiometric ratio has experimentally
studied depending on spot diameter of an irradiation
at influence by a laser pulse with millisecond dura-
tion. The strongly expressed dimensional effect is
found out. The characteristic size determining bor-
der between a wide and narrow beam of the influ-
encing laser pulse is found. Influence of optical prop-
erties of these compositions on the course of dimen-
sional dependences is discussed. Connection between
the nature of dimensional effect and light-scattering
laws in volume of powdered PC is considered.

The dimensional dependences of power thresholds
of ignition (PTI) like dependences of threshold density
of energy versus beam diameter on a sample surface are
found out at laser excitation of explosion of the initiat-
ing (heavy metal azides [1, 2]) and secondary (pentae-
rythritol tetranitrate (PETN) [3]) explosives. Their exis-
tence were connected either with the light dispersion
laws in volume of transparent explosive powders [1, 2]
or with one of fundamental characteristics of explosives
— critical diameter of a detonation [3].

In the literature there are no data about dimen-
sional dependences of laser initiation of PC. As fol-
lows from [1-3] it is possible to conclude that dimen-
sional effects can be determined both optical and gas-
dynamic characteristics of explosives realized in con-
crete experience. Therefore revelation of the nature of
dimensional effect in many respects can be the key
moment for understanding of the mechanism of initia-
tion in the whole. In [4] the conclusion about the weak
gas-dynamic discharge of the thermal enclosed area
during ignition of APC + SDA mix at influence by a
wide beam is made. It is possible to expect that it is
typical case for areas of the small sizes. At the same
time the optical characteristics of mix compositions
can be changed over a wide range by injecting of the
various reagents or passive absorbing impurity. Af-
fecting on a course of experimental dependences they
can give the valuable information about structure and
parameters of the centers of ignition. Results of the
first experiences in this direction below are presented.

APC + SDA composition prepared by technique in
[4] has been studied. The powders by weight ~10 mg
were placed in assembly and were pressed with the
help of hydraulic press under pressure of 4-10” N/m’
up to density ~1,5 g/em® (Fig. 1).
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Fig. 1. The circuit of assembly for volumetric com-
pression of a sample.

1 — the top support press; 2 — the case of assembly
(45 steel); 3 — an entrance window with thickness
of 5 mm and diameter of 5 mm (Plexiglas); 4 — pow-
der; 5 — a bearing; 6 — an entrance window of the
pressure sensor; 7 — the high-speed pressure sensor;
8 — the piston of press; LR — laser radiation

The reflection factor of samples was measured
with the help of a photometric sphere and has made
~0,35. Radiation of the neodymium laser working in a
chaotic free generation mode with the pulses duration
about 0,6 ms was used. PTI sizes were determined by
a technique described in [4]. Results of measurements
were inscribed in the table and shown in Fig. 2, where
for comparison the dimensional dependences of lead
azide are submitted.
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Fig. 2. Dimensional dependences of PTI of cubic
compressed APC + SDA at influence by a laser pulse
(tp = 6:10* s). 1 — threshold energy of initiation (APC
+ SDA) (solid lines) and threshold density of energy
(dotted curve); 2 — the same for lead azide; 3, 4 —
a flash delay of an explosive luminescence of APC +
SDA and lead azide accordingly

Table. PTI of APC + SDA composition at initiation by
a laser beam with the size d,

D,, mm Wsp, ml Esp, J/om?

3 297 4,4

2 132 4,4

1 33 4,4
0,8 22 4,4
0,6 13 4,4
0,4 6 4,5
0,2 1,5 5,0
0,1 0,5 6,5
0,05 0,26 13,0
0,025 0,2 40,0

At comparison of dimensional dependences of
APC + SDA and lead azide the series of interesting
features were became known. First of all it is necessary
to note that in the field of influence by a wide beam
(d> 1 mm) the sensitivity of lead azide approximately

is twice higher than sensitivity of APC + SDA. In the
range of the small sizes the situation is changed. Here is
APC + SDA traditionally considered as the weakly
sensible explosives which exceed almost by order of
magnitude greater than one of the most sensitive repre-
sentatives explosives —lead azide. This fact is confirma-
tion of regulations put forward by Afanasyev and Boby-
lev [5] about possible change of the series of explosives
sensitivity at change of conditions of external influ-
enced pulse as applied to a laser way of initiation.

As a whole at initiation of APC + SDA the di-
mensional effect is less evaluated than in lead azide.
More precisely the dimensional curve of power den-
sity is as though shifted aside to the small sizes practi-
cally by order of magnitude. If we will adhere to the
point of view of a determining role of light-scattering
process, it is possible to explain this shift by high ab-
sorption (about 65 %) in APC + SDA volume and
accordingly smaller densities of light-scattering in
comparison with such transparent powder as lead
azide. Especially this difference is appreciable at dis-
persion of a narrow beam (Fig. 3).

So in conformity with Fig. 3 in a near-surface layer
with depth up to 2 1 at reduction of the size of a laser
beam from 50 t up to 5 t (on the order of size) the illu-
minance decreases approximately in 10 times in the case
of heavy metal azides. It demands proportional increase
in threshold of energy density of a laser pulse for crea-
tion of necessary conditions of ignition. The change of
illuminance on the given range of diameters does not
exceed three times for APC + SDA. The similar situa-
tion is observed on experimental curves of energy den-
sity of ignition (Fig. 2) in an interval of the beam sizes
from 100 pm up to 1000 um. Conformity between illu-
minance in a powder volume and a threshold of ignition
is observed and on other dimensional ranges.

Since the primal parameter characterizing of di-
mensional effect is the threshold of energy (flux) den-
sity we shall carry out the comparative analysis of the
results obtained for various classes of explosives by
the magnitude of this parameter. First of all we shall
note that a characteristic size of an irradiation zone
(for each class of explosives) exists. At its excess the
threshold of energy density becomes a constant, i.e.
tend to a minimum. We shall pay attention to the cir-
cumstance that in transparent powders with high fac-
tor of diffuse reflection (lead azide; p, ~0,9) the border
between a narrow and wide beams is in range from 1
up to 10 mm. With decreasing of reflection the border
is shifted to the left and for APC (p, ~0,35) it is within
the limits from 0,2 to 0,4 mm. Such behavior of ex-
plosives fully complies with light-scattering laws in
diffuse-scattering medium as mentioned above that
proves by calculation of dimensional dependences and
also estimated criterion of the wide beam executed in
[6]. Thus from the optical point of view in the range
where the beam can be counted wide a criterion of
initiation is the energy density of an influencing pulse.
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Fig. 3. Connection between spatial illuminance ¢
in depth of object and illuminance ¢, (¢/q9 = Fy), cre-
ated by a laser beam on surface of explosives in medi-
ums with various absorption p and in conditions of
influence by a beam with the various aperture 2r.

The size of a laser beam on a surface of environ-
ment (in terms of #/z, where v — optical thickness of
environment) are indicated by the numbers. Solid
curves correspond to a factor of diffuse reflection from
indefinitely thick layer p. = 0,8 (heavy metal azides);
dash-dot curves — p.. = 0,35 (APC+SDA). Calculation
carried out by a Monte Carlo method [6].

In the range of the small sizes of an influencing
beam the threshold energy tends to a minimum. In this
case a criterion of initiation is energy of an external
pulse. The size characterizing this range is also deter-
mined by light-scattering characteristics and decreases
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with reduction of the diffuse reflection factor of sub-
stance, i.e. with increase in absorption. It is illustrated
in Fig. 2, curve 1 for lead azide.

The generality in behavior of the dimensional de-
pendences of explosives with various thermalphysic,
thermalkinetic and gas-dynamic characteristics de-
fined from light-scattering laws suggests that dimen-
sional effects at laser ignition of APC + SDA compo-
sition are not connected to critical diameter of a deto-
nation and determined by light-scattering processes in
a combination of processes of localization of laser
beam energy in microvolumes of explosives.

Thus it is possible to assume that light-scattering
laws underlie of dimensional effect at APC + SDA
ignition from positions of thermal spot models [4]. In
this way with reduction of the size of an influencing
beam the illuminance of volume falls that demands
increase of density of an initiating flux for mainte-
nance of constant temperature of the spot. The con-
stancy of this temperature confirms by independence of
an ignition delay versus the beam size (curve 3, Fig. 2).

Acknowledgement

The work was supported by Russian Foundation for
Basic Research (grant Ne 06-03-32724—a).

References

[1] E.I. Aleksandrov, V.P. Tsipilev, Fiz. Goreniya
Vzryva 2,100 (1982).

[2] V.V. Konkov., V.G. Kriger, V.M. Lisitsyn,
V.P. Tsipilev, Phys.-chem. processes in inorg.
matt.: Proceedings of intern. conf. 2001, pp. 62—64.

[3] V.I. Tarzhanov, A.D. Zinchenko, V.I. Sdobnov
Fiz. Goreniya Vzryva 4, 113 (1996).

[4] V.V. Medvedev, V.P. Tsipilev, A.P.
A.A. Reshetov, Khim. Fiz. 11, 94 (2005).

[5] G.T.Afanasjev, V.K Bobolev, Initiation firm VV
impact, M.: Science, 1968, pp.140-142.

[6] E.I. Aleksandrov., V.P. Tsipilev, News of High
Schools. Phys. Ser., 10, 23 (1988).

Tljin,





