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Abstract. The ballistic characteristics of the mixture compositions
containing aluminum powder ASD-6M have been studied. It is shown that
the activation of aluminum powder by microwave radiation leads to an
increase in the combustion heat of the mixture composition by 11%.

1 Introduction

Nanoscale and micron powders of metals are increasingly used in various fields of
engineering, chemical and metallurgical industries, medicine, metal-working
manufacturing, etc. Also, metal powders are widely used in power engineering: they are
used as an additive that increases the energy of combustion of high-energy materials. Thus,
an increase in the stored energy in the added metal powder will allow the intensification of
the combustion of high-energy material. It has now been established that the effect of
accelerated electron flows [1], as well as microwave radiation [2], makes it possible to
increase the specific thermal effect of oxidation of micro- and nanopowder metals. Thus, it
is relevant to study the effect of the irradiation of a metal powder on the energy of
combustion of a high-energy material that has such a modified powder in its composition.

The purpose of this work is to study the combustion rate and ¢ heat of combustion of
high-energy materials containing in their composition the micron powder of aluminum type
ASD-6M, both untreated and processed by microwave radiation.

2 Materials and methods of the experimental research

To conduct experiments on the activation of aluminum powder, microwave electromagnetic
radiation with a carrier frequency of 2.8 GHz, a pulse repetition frequency of 25 Hz, and a
pulse duration of 25 ns was used. Scheme experimental stand for irradiation experiments
powders previously described in [2].

Pre-measured the initial dispersion and the activated alumina powder microwaves
ASD-6M laser diffraction instrument “Mastersizer 2000”.

The efficiency of the microwave activation of ASD-6M powder was determined using
the differential thermal analysis method on the STD Q600 instrument to change the value
of the exothermal effect of aluminum oxidation when a sample weighing 5 mg was heated
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in air at a rate of 10 °C/min. The error in determining the values of the thermal effects was
+ 1.8%.

To conduct studies on the calorific value and the burning rate, mixtures were prepared
consists the basis of ammonium perchlorate and divinyl rubber containing 15 wt. % of the
investigated aluminum powder.

After curing the samples, tests were conducted to determine the burning rate in air at
atmospheric pressure and tests to determine the calorific value of combustion in a
calorimeter bomb. All studies to determine the calorific value were carried out in
accordance with the procedure described in [3, 4].

3 Experimental results

Results of powder analysis of ASD-6M and ASD-6M SHF (super-high frequencies)
powders are presented in the form of histograms of the particle size distribution in Fig. 1
and in the form of a table (Table 1). It can be noted that the average volume diameter D
(4.3) of the particles of the activated aluminum powder is 22% less than the original one.
The ASD-6M microwave powder differs from the ASD-6M powder with a more developed
surface and a narrower distribution width. Table 1 shows that the difference between the
ASD-6M and ASD-6M microwave powders in D (0.50) is 19.5%, in D (3.2) about 18.3%,
D (4.3) is 21.7%.

Table 1. Key data of ASD-6M and ASD-6M SHF powders dispersion analysis.

Type
Characteristic, pm ASD-6M ASD-6M (SHF)
D(0.00) 0.42 0.42
D(0.10) 1.95 1.58
D(0.50) 4.19 3.37
D(0.90) 7.82 6.31
D(0.100) 24.50 11.53
D10, mean diameter 1.14 1110
D32, average surface diameter 3.32 2.71
Das3, average volume diameter 4.74 3.71
1 Particle Size Distribution 10
12 N 100

11
/ \ 90
10

80

70

7 / 60

6 / 50
) ( / 40

30

Volume (%)

/1] 2
. /
1 / A 10
g \N
%m 0.1 1 10 100 1000 2008
Particle Size (um)
(@



MATEC Web of Conferences 194, 01014 (2018)
HMTTSC-2018

https://doi.org/10.1051/matecconf/201819401014

Pa

rticle

Size Distribution

110

12

1"

]

100

10

90

80

70

60

Volume (%)

50

40

30

20

10

L/

\

.01 0.1 1

10 100 1000 2008

Particle Size (um)

(b)
Fig. 1. Histogram of the distribution of aluminum powder particles: (a) ASD-6M, (b) ASD-6M(SHF).

Fig. 2 shows thermograms of thermal decomposition of aluminum nanopowder before
(a) and after irradiation (b). When comparing these thermograms, it is seen that in the
irradiated powder, the mass gain is less by 3.1% than in the irradiated powder. At the same
time, in the irradiated aluminum powder, the specific thermal oxidation effect (total for two
stages) increased by 780 J / g (~ 10.3%). In addition, the specific thermal effect of
aluminum melting in micron powder decreased by ~ 9.9%. Taking into account that the
degree of oxidation slightly decreased after irradiation, the increase in the heat of oxidation
and the decrease in the heat of fusion can be explained by the additional allocation of the
energy of radiation stored by the powder. Thus, this additional stored energy of radiation
can be used to increase the energy of oxidation of mixed fuel compositions.
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Fig. 2. Aluminum powders thermograms: (a) ASD-6M, (b) ASD-6M (SHF).

During the studies of heat and combustion rate, it was experimentally established that
the linear combustion rate of samples containing 15% aluminum powder is practically
independent of the type of powder (initial and activated by microwave radiation). However,
the heat of combustion of the blended composition containing the activated aluminum
powder is 11% higher than the heat of combustion of the composition with the original
aluminum powder.

A summary of the study results o is presented in Table 2.

Table 2. The results of the investigation of aluminum powder and compositions based on it.

Aluminum powder characteristics Mixtures characteristics
Powder Particle Oxidation onset Ox1dqt1‘0n Burning rate, Heat Qf
tvpe size, D (4.3) temperature, thermicity, s combustion,
yp P % Tox, °C AH, J/g i Ml/kg
ASD-6M 4.74 ~ 540 7270 1.57+0.04 5.60+0.1
ASS%_SM 3.71 ~ 435 8076 1.524+0.03 6.22+0.1

4 Conclusion

Thus, the conducted studies showed that the activation of aluminum powder ASD-6M by
exposure to microwave radiation, leads to a change in its dispersion and an increase in the
heat of combustion of the mixture compositions containing activated aluminum. It was
found that activation of aluminum powder by microwave radiation increases its dispersion,
and the average volume diameter of the particles is reduced by 22%. The oxidation
temperature of the activated powder decreases by more than 100 °C, and the total thermal
oxidation effect increases by 11%. Replacing the batch of industrial aluminum powder with
the activated microwave radiation practically did not affect the value of the linear
combustion rate of the mixture composition. When combusted in a calorimeter bomb,
samples of fuel with activated aluminum are separated by 11% more heat compared to
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samples containing non-activated aluminum powder. Thus, the obtained results indicate
that activation of aluminum powder ASD-6M with the help of microwave radiation
increases heat release during oxidation of aluminum under non-isothermal conditions and
during combustion in the composition of the mixture composition.
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