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Abstract:

Introduction/purpose: Gunpowder is a type of explosive material (EM), a
mixture of chemical compounds capable of releasing their potential energy
in a very fast exothermic chemical reaction. This paper investigates the
single base gunpowder samples.

Methods: Microcalorimetry (MC), or heat flow calorimetry (HFC), is the only
modern method that monitors the direct cause of autoignition - the rate of
heat release, which is a key factor for gunpowder storage explosive safety.
It is based on high-sensitivity calorimeters which allow monitoring of
chemical reactions at low speeds. The microcalorimeter "TAM III" was used
and the method given by the NATO standard STANAG 4582. A very reliable
result was obtained on the chemical stability of the observed single base
gunpowder samples, as well as an assessment of its behavior in the next
10 years.

Results: The thermal activity of gunpowder depends on several factors, the
most important of which are: chemical composition, size and shape of the
gunpowder grain, the degree of decomposition of the gunpowder, storage
conditions, etc. Namely, it is a much more exact and consistent indicator of
the chemical stability of gunpowder compared to the critical diameter.
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Conclusion: The MC method should be used both for monitoring the
chemical stability of gunpowder during storage and for the prediction of the
service life of gunpowder.

Key words: single base gunpowder, microcalorimetry, heat flow
calorimetry, TAM Ill, STANAG 4582.

Introduction

Gunpowder is a type of explosive material (EM), a mixture of chemical
compounds capable of releasing their potential energy in a very fast
exothermic chemical reaction. The process of combustion (deflagration) is
the basic form of explosive conversion of gunpowder (Jeremi¢, 2007),
used to launch the projectile in the barrel of the weapon or for propulsion.
At the same time, the heat required for the chemical decomposition
process is transferred through EM exclusively by thermal conduction, and
the burning speed is relatively low and ranges from several millimeters to
several tens of centimeters per second. At these rates of explosive
conversion, the released gaseous products can be used to eject projectiles
from the barrel of weapons or to propel rocket projectiles, which is why
gunpowders are often called propellants.

Gunpowder is divided in several ways, and the most common is the
division according to the physical state of its components. In this sense,
gunpowder is divided into two basic groups (Jeremi¢, 2007):

1. Homogeneous gunpowder created by gelatinization of
nitrocellulose molecules under the influence of an organic solvent or
gelatinization agent. With these powders, all components are found in the
nitrocellulose molecule; together with it, they form a unit that cannot be
separated mechanically.

2. Composite gunpowder is created by mixing crystals of mineral
compounds rich in oxygen and a binder, which is always of organic origin,
and at the same time is a carrier of combustible materials. This is a pure
physical mixture and all components can be easily separated.

Homogeneous powders are further divided, according to the number
of energy components in their composition, into (Jeremi¢, 2007):

+ Single base gunpowders, which contain one energy component,
nitrocellulose (NC),

* Double base gunpowders, which contain two energy components:
NC and glycerin trinitrate (NG), i.e. (sometimes but less often) diethylene
glycol dinitrate (DEGDN), and




» Triple base gunpowders, which contain three energy components:
NC, NG, and nitroguanidine (NQ).

Composite powders include composite rocket propellants and black
powder.

The basic components of homogeneous gunpowder are nitric acid
esters: NC, NG (DEGDN), and NQ (Baji¢, 2015). These are unstable
chemical compounds which are subject to slight thermal decomposition
even at ordinary temperatures. Among the products of gunpowder
decomposition are nitrogen oxides which cause further autocatalytic
exothermic decomposition of nitrogen esters (primarily NC), and thus
change the physical-chemical and ballistic properties of gunpowder.
Thermal decomposition of nitrogen esters can cause accumulation of heat
and an increase in temperature in the mass of gunpowder, as a result of
which self-ignition of gunpowder can occur. Historically, self-ignition of
gunpowder came immediately after the conquest of the technology of low-
smoke gunpowder production. Several accidents happened on warships
(de Klerk, 2015).

To slow down the decomposition of nitrogen esters (primarily NC),
stabilizers are added to powders. The stabilizers are substances that react
very quickly with released nitrogen oxides and the acids that arise from
them and absorb free radicals well, thereby preventing their further
autocatalytic action. Most widely used stabilizers today are aromatic
amines, and diphenylamine (DPA) is most commonly used to stabilize
single base gunpowder (Stine, 1991; Grbovi¢ & Stojiljkovi¢, 2005; Jeremic
& Grbovi¢, 2006; Rusly et al, 2024). The decomposition of homogeneous
gunpowder is accompanied by a series of phenomena, such as the release
of gases, loss of mass, reduction of the average molecular weight of NC,
consumption of stabilizers, generation of heat, etc. Regarding this,
numerous methods have been developed to monitor the aforementioned
changes, determine the current chemical stability, and predict the service
life of gunpowder. One of the modern methods is microcalorimetry. This is
the only method that measures the direct cause of self-ignition of
gunpowder, i.e., the rate of heat release. It is based on calorimeters with
high sensitivity, which enables the monitoring of chemical reactions at very
low speeds (Grbovi¢ & Stojilikovi¢, 2005; Jeremi¢ & Grbovi¢, 2006;
Jelisavac et al, 2014).
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Microcalorimetry method

Microcalorimetry (MS), or heat flow calorimetry (HFC), is the only
modern method that monitors the direct cause of autoignition - the rate of
heat release, which is a key factor for gunpowder explosive safety. It is
based on high-sensitivity calorimeters, which allow monitoring of chemical
reactions at low speeds.

With this method, according to the National Defense Standard (SORS
8069/91), the chemical stability of gunpowder is determined by measuring
the rate of heat development in the center of the sample, which is
isothermally heated at a constant temperature (SORS, 1991). The
measured value of the rate of heat development (thermal activity due to
the decomposition of gunpowder) is further used to calculate the critical
diameter as a function of temperature. By comparing these values with the
diameter of the ammunition case in which the gunpowder is stored, the
state of chemical stability is evaluated, that is, the possibility of self-ignition
of the gunpowder under certain storage conditions (SORS, 1991). Based
on the values and the set criteria, the tested propellants are categorized
(Jelisavac et al, 2014). The decision on further action about the propellant
storage procedure will be made later. The standard prescribes the
microcalorimetry method for determining thermal activity, which is based
on the theory of thermal explosion and monitors the amount of released
heat as the immediate cause of spontaneous combustion (Jelisavac et al,
2014).

According to STANAG 4582, the rate of heat development is
measured at a constant temperature between 60 °C and 90 °C during the
calculated time for the selected temperature (STANAG, 2004). This time
is considered equivalent to isothermal storage for 10 years at 25 °C. The
heat equivalent of all physical and chemical processes that take place in
the system with heat exchange is measured, that is, the total heat flow is
measured. The maximum permissible heat flow limit, which is also dictated
by the experimental temperature represented, is used as a criterion for
sufficient chemical stability (STANAG, 2004). The release of heat is of vital
importance especially when large quantities of gunpowder are stored, as
the heat generation from a given volume of stored gunpowder can become
greater than the heat removal when self-heating begins, which can
eventually cause self-ignition. This can happen even when the stabilizer is
sufficiently present in the gunpowder.

Microcalorimetric measurements are performed with high-sensitivity
devices, which can monitor very slow chemical reactions with low thermal
activity (1uW/g). The microcalorimetry method is based on the thermal




theory of self-ignition of gunpowder. During the years of application, some
shortcomings of this method have been identified (Jeremi¢ & Grbovic,
2006, Chelouche et al, 2020). NATO's concept of measuring the thermal
activity of propellant is based on the use of far more sophisticated
microcalorimetric equipment with high sensitivity for heat flow
measurement (Jelisavac et al, 2014).

Experimental part

Materials

Microcalorimetric measurements were performed on several samples
of naturally aged single base gunpowder taken mainly from the stored
collections. A few samples were taken from the ammunition. The basic
compositions of the tested gunpowder are given in Table 1, and their
dimensions and shapes in Table 2.

Table 1 — Composition of the tested single base gunpowder samples

Type of Chemical composition %

gunpowder NC N content | K2SO4 DPA Cl Moisture

1 2 3 4 5 6 7

NC-27 96.80+0.90 | <13.10 1.50+0.30 1.35£0.25
NC-29 < 94.30 13.05+0.10 1.20£0.30 | 4.00£0.80 | 1.25+0.25
NC-37 96.70£0.90 [ <1.10 1.50£0.20 1.3520.25
NC-39 93.8-96.0 <13.00 1.00-2.00 1.00-1.60
NC-40 212.95 21.20 1.30
NC-44 96.70£0.70 | 13.20£0.05 1.45£0.15 1.30£0.20
NC-45 | 85.35-90.40 | 13.20+0.05 | 1.0-1.3 | 0.70-1.30 | 1.30-1.50 | 0.80-1.20
NC-123 96.75+0.85 | =13.00 1.50+0.20 1.35+0.25
NC-151 | 48.80+2.00 | <13.15 |47.0¢1.0 | 1.00£0.20 0.80+0.20
NC-281 86.65+2.55 | 10.00£1.50 1.55+0.25 1.25+0.25

Table 2 — Dimensions and shapes of the tested single base gunpowder samples

Type of di;)mugirer, 5:22?:: thic\:lll/:(!ss, Length, The shape of a
gunpowder D (mm) d (mm) Wa (mm) L (mm) powder grain
1 2 3 4 5 6
NC27 | 1202015 | 0.3020.05 | 045:0.05 | 6.50%1.00 _
NC-29 |1.95:010| 0.33£0.05 | 0.81:0.05 | 3.35:0.15 S'”%'e“rfzgpne'
NC-37 | 560£035 | 0.500.10 | 1.02:0.07 | 12.05£0.55 y
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Type of dia?nﬁ;r, dcl::ri:.?:rl thic\:llllr?(!ss, Length, The shape of a
gunpowder D (mm) d (mm) Wa (mm) L (mm) powder grain
1 2 3 4 5 6

NC-39 | 3.25-3.35 | 0.18-026 | 0.60-0.70 | 5.00-6.00

NC40 | ~320 | 0.20£0.05 | 0.60-0.75 | ~6.30

NC-44 | 6.00-690 | 0.50-0.70 | 1.12-1.22 | 13.50-15.50

NC-45 | 1.91-210 | 0.15-025 | 0.85-095 | 3.90-4.10 Like NC-27

NC-123 | 4.80£0.20 | 250020 | 1.18%0.08 | 705.00.15 Tube

NC-151 |2.10£0.25 | 0.550.10 |0.775:0.125| 6.50¢1.00 | Single channel
cylinder

NC-281 | 0.86£0.06 | 0.20£0.03 | 0.33:0.03 | 1.80+0.20 | Single channel
cylinder

Microcalorimetric measurements were performed on 10 types of
single base gunpowder of different chemical compositions and different
dimensions and shapes, as well as for different storage conditions.

Method

The samples are crushed as needed and each individual or group is
subjected to thermal treatment, during which the data on the thermal
activity of the treatment is collected for each of the samples, both to
calculate the critical diameter of self-ignition according to the National
Defense Standard (SORS, 1991), and to monitor the thermal activity
during isothermal testing according to STANAG 4582. Microcalorimetric
measurements were performed using the "TAM IlI" microcalorimeter.
(Figure 1).

Figure 1 — Heat flow microcalorimeter TAM Il




After grinding and sieving, the gunpowder samples were placed in
hermetically sealed vials for sample testing. The sample volume was about
2 cm3. The vials with the samples were set into the device after its
calibration. The measurement was carried out at 90 °C and the duration of
the test was 3.43 days (82.5 hours) when the released heat from the
sample becomes greater than 5 J/g. According to STANAG 4582, the
value of the measured heat flow should be lower than the criterion
prescribed for the limits of heat flow, 350.0 yW/g at 90 °C (STANAG, 2004;
Jelisavac et al, 2014).

Results and the discussion

For the analysis of the previous results according to the MC method,
the results of the chemical stability tests of single base gunpowder, which
were obtained in the TRZ Kragujevac laboratory, were taken. Thus, all
available results for single base gunpowder were analyzed (Table 3),
which made it possible to observe the behavior of gunpowder with different
compositions and geometric shapes and storage time.

Table 3 — The results of the chemical stability tests for the investigated gunpowder

samples
Gunpowder te Stabilizer content, mas % 100°C Der Pmax | Sample
Type | Lot ) DPA, | DPA | DPAe (m)  |(uWig)[ source
1 2 3 4 5 6 7 8 9 10
MB/ 15 1.2 1.46 7.00
NC-27 | 6766 18 | '®2 [143 | 147 | 500 | 048 PC-2
MEN 19 0.87 1.33 6.75 | q(333)<0
8766 |20 162 [ 024 1.11 3.75 PC-2
NC-27 22 0.06 0.66 0 <0.30 227
(';"1%2 8 | 126 | 132 | 144 | 500 | o050 |414| Pc-1
17 0.22 0.86 3.75 0.71
18 0.16 0.92 3.50
ME 19 0.18 0.76 3.75 0.53
8451 20 150 | 0.11 0.86 3.50 | q(333)<0 PC-2
21 0.06 0.66 3.50 0.5
22 0.1 0.65 4.25
NC-37 25 0.17 0.81 3.75 0.57 59.3
17 0.24 0.77 3.75 0.55
ME 18 0.12 0.86 3.75
gana |19 166 | 0.18 0.80 3.75 0.52 PC-2
20 0.15 0.81 4.75 0.56
21 0.10 0.67 3.50
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Gunpowder te Stabilizer content, mas % 100°C Der Pmax | Sample
Type | Lot ) DPA, | DPA | DPAe (m)  |(MWI/g)| source
1 2 3 4 5 6 7 8 9 10
MBI | 22 0.07 0.72 5.25
8454 | 25 166 514 0.80 3.75 0.77 763 FC2
17 0.18 1.02 4.75 | q(333)<0
18 0.07 0.96 3.75
VBN 19 0.11 0.9 3.75 0.5
8464 |20 1.70 [ 0.08 0.98 4.00 | q(333)<0 PC-2
21 0.03 0.74 3.75
22 0.04 0.77 5.25
25 0.14 0.87 3.75 0.79 62.1
15 0.25 0.95 4.00
16 0.23 0.94 4.50
NC-37 17 0.18 1.09 3.75
MBN | 18 0.2 0.92 3.75 | q(333)<0
8578 | 19 151 516 0.69 4.00 0.53 PC-2
20 0.13 0.74 3.75 0.5
21 0.1 0.74 512
24 0.17 0.82 3.75 0.61 85.6
15 0.44 1.3 5.00 0.5
MBN | 18 0 0.75 3.75
87120 19 1.64 0 0.67 4.75 PC-2
22 0.03 0.48 4.50 0.62 20.3
MBI
oates| 18 1.48 | 0.09 0.63 5.25 0.51 67.9 | Ammo
20 0.17 0.97 4.25
MBL | 21 0.01 0.76 3.25
NC-123| 8104 [ 22 16 0.08 0.8 3.75 0.53 PC-2
23 0 0.88 3.50 0.65
24 0 0.69 3.75 0.53
MBL | 25 0.01 0.69 5.00
8104 | 26 16 0.36 0.92 4.00 0.53 PC-2
28 0.08 0.70 4.75 0.48 79.3
17 0.25 0.86 3.75 0.5
18 0.1 0.82 3.75
NC-123 19 0.2 0.82 3.75 0.59
MBI | 20 0.15 0.75 4.75 0.69
8408 [ 21 167 509 0.87 3.75 0.68 PC-2
22 0.11 0.76 4.75
23 0.20 0.79 3.75 0.68
25 0.22 0.79 3.75 0.55 58.9
MBI [ 16 1.04 1.17 10.00
NC-29 | gg30 21 | "2 [T098 | 1.15 | 500 | 062 |232]| "o
MBI
NC-151| gooa 7 1.20 0.8 0.8 8.00 PC-1




Gunpowder te Stabilizer content, mas % 100°C Der Pmax | Sample
Type | Lot ) DPA. | DPA | DPAe (m)  |(uWig)[ source
1 2 3 Z 5 6 7 8 9 10
NC-151 g"s%g 11 | 120 | 082 | 108 | 500 | 047 |1014| PC-1
8 125 | 125 | 8.00
MBN [ 9 127 14 7.75
NC.ogq| 9715 |10 150 08 1.3 8.75 PC-
12 118 | 143 | 7.00 72
MBIT| 53 | 137 | 129 | 144 | 700 | 055 |243| Ammo
0623 : : ' : : :
15 094 | 147 | 7.75
MBn [ 17 058 | 1.06 | 5.75
NC-40 | 89o1 18 | "' [T018 | 1.05 | 5.75 PC-1
20 026 | 077 | 600 | 046 |613
MBN |16 1.05 12 8.00
NC-441 ggo1 21 | '*2 [T106 | 122 | 800 | 065 |189] '
MBN |16 223 | 237 | 10.00
NG5 8801 [ 21 08 =577 T 095 | 800 | 050 |54
MBI [ 17 | o1 | 234 | 247 | 925 | q@333)<0 U
9312 [ 16 : 083 | 098 | 800 | 048 | 284
29 029 | 097 | 7.00 | 048
U 027 | 085 | 7.00 0.4
NC-39 | PN 31 | 138 [023 | 074 | 6.00 PC-2
32 018 | 087 | 7.00 | 052
35 024 | 089 | 7.00 | 051 [84.20

In Table 3, te is the gunpowder service time in years, DPA,, DPA and
DPAs# represent initial, measured and effective content of the stabilizer
respectively, 100 °C stands for the results of 100 °C heating method, D¢
is the critical diameter, and Pmax is the maximum heat flow. The sample
source stands for the source of gunpowder samples, propellant collection
one or two (PC-1 or PC-2) and the samples taken from the ammunition
(Ammo).

Using the "TAM III" microcalorimeter, thermal activity was measured
on a total of 16 lots of 10 different types of single base gunpowder (Figures
2-10). Based on the obtained results, the maximum heat flow was
determined according to STANAG 4582. In addition, for each lot of
gunpowder that was tested according to the MC method, the results were
compared with the results of the chemical stability data obtained according
to the HPLC and 100 °C methods, as well as the analysis of all previous
results of testing the chemical stability of those powders. This made it
possible to comprehensively analyze the results obtained by the MC

method.
1403
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Microcalorimetric measurements were performed on single base
gunpowders because they are the most common in Serbian Armed Forces
ammunition. An analysis of the previous results of determining the critical
diameter according to SORS 8069/91 was performed. These results do
not correlate with the results of the HPLC method and the 100 °C heating
method. It happens that with a decrease in the stabilizer content (that is,
an increase in the number of days at 100 °C), the critical diameter remains
unchanged or increases. In addition, the dependence of the critical
diameter on other factors that significantly affect the chemical stability of
gunpowder, such as the chemical composition and the dimensions and
shape of the gunpowder grain, cannot be observed. It was agreed that this
method is imprecise, which can be explained by several reasons
(inaccuracy of the device, the short heating time of the sample about the
measurement temperature, the critical diameter is recalculated with the
introduction of a series of approximations, etc.) and that it would be very
justified to apply the MC method prescribed by NATO standard STANAG
4582. In practice so far, not a single gunpowder has been assessed as
unstable based on this criterion, while based on the results of the HPLC
method and the 100 °C heating method, many lots of gunpowders have
been assessed as unstable and destroyed. For example: powder NC-27,
sample 1, is stable according to the MC method prescribed by standard
SORS 8069/91, while according to the HPLC method as well as according
to the 100 °C heating method, this powder is unstable. Given that SORS
8069/91 stipulates that the thermal activity monitoring test is in the second
place of evaluation (behind the stabilizer content monitoring method), this
gunpowder was assessed as unstable. At the same time, this gunpowder
does not satisfy the given criterion according to the MC method prescribed
by NATO standard STANAG 4582. This example confirms the
shortcomings of the first method and the precision of the second MC
method.

Based on the MC measurements performed using the "TAM III"
device, it was concluded that the thermal activity of gunpowder depends
on several factors, the most important of which are: chemical composition,
size and shape of the gunpowder grain, the degree of decomposition of
the gunpowder, storage conditions, etc. (the gunpowder charge was not
analyzed because gunpowder samples and gunpowder collections were
taken). At the same time, the maximum heat flow - Pmax (criterion
according to STANAG 4582 standard) is a much more exact and
consistent indicator of the chemical stability of gunpowder compared to the
critical diameter - Dc (criterion according to SORS 8069/91 standard).
Namely, even measurements using a modern "TAM IlI" microcalorimeter
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cannot provide a reliable assessment of the critical diameter. The reason
for this lies in a whole series of assumptions that are introduced in the
assessment of the possibility of exchanging the generated heat with the
environment, the conditions for heat accumulation, and the theory of self-
ignition, i.e., under which critical conditions the possibility of self-ignition
occurs. In this sense, the measurement of thermal activity about the
determination of the critical diameter of self-ignition is a far more reliable
method because it is based on the measurement and evaluation of the
exact parameter of decomposition - heat flow, while when determining the
critical diameter of self-ignition, the values of individual parameters are
theoretically obtained and insufficiently confirmed.

The maximum heat flow depends a lot on the chemical composition
of the gunpowder. The extremely good chemical stability of NC-29 and
NC-45 gunpowder is the result of a favorable composition. Namely, in
addition to DPA (stabilizer), these powders also contain Cl (Centralite 1) as
a plasticizer or ballistic modifier. During long-term heating at an elevated
temperature, as the DPA concentration decreases, Cl is also included in
the reaction with nitrogen oxides, even though it was not added to the
gunpowder composition as a stabilizer. At the same time, the high thermal
activity of NC-151 gunpowder can be explained by its unfavorable
chemical composition. Namely, this gunpowder contains about 47% of
K2S04, a hygroscopic compound that releases moisture during
microcalorimetric measurement, which leads to the formation of nitrous
and nitric acid in the gunpowder, which autocatalytically accelerates NC
decomposition and increases heat generation.

The maximum heat flow depends on the dimensions and shapes of
the powder grain. Among the examined powders, from this point of view,
the most characteristic is the NC-281 powder. Namely, due to its small
dimensions and a favorable shape, this gunpowder exchanges the
generated heat very quickly, which results in a small heat flow.

The maximum heat flow depends very much on the quality of the basic
raw materials used for the production of gunpowder. The powders that
were produced during the period of sanctions (e.g. NC-37 sample 6, and
NC-45 sample) show a higher thermal activity compared to other younger
lots of these types of powders. The fact is that many lots of NC-27 and NC-
37 powders, which were produced during the 1990s, showed significantly
lower chemical stability according to the HPLC method and the 100 °C
heating method compared to older lots of these types of powders. This can
be explained by the lower quality of the basic raw materials.

The thermal activity of gunpowder also depends on the degree of NC
decomposition. However, from this aspect, the results of different lots of




the same type of gunpowder can be compared. It is observed that older
lots of gunpowder with a higher degree of decomposition generate more
heat than the lots with a lower degree of decomposition. This is confirmed
by the results of two lots of three types of gunpowder (NC-27, NC-37, and
NC-123). At the same time, this does not mean that samples of different
types of gunpowder, which according to the HPLC method have
approximately the same stability, will also have similar results according to
the MC method. On the contrary, the results often vary widely.

Conclusion

By analyzing the results of the determination of the critical diameter
of self-ignition of gunpowder according to SORS 8069/91 standard, it was
concluded that they do not correlate with the results of the HPLC method
and the 100 °C method. In addition, the dependence of the critical diameter
on other factors that significantly influence the chemical stability of
gunpowder, such as the chemical composition and the dimensions and
shapes of the gunpowder grain, cannot be observed. It has been
concluded that this method is imprecise, which can be explained by
several reasons (inaccuracy of the device, the short heating time of the
sample about the measurement temperature, the critical diameter is
recalculated with the introduction of a series of approximations, etc.).

Measurements using a microcalorimeter "TAM [lI" and the method
given by NATO standard STANAG 4582, gave reliable results on the
current chemical stability of gunpowder, as well as an assessment of its
behavior in the next 10 years. At the same time, the results of this MC
method are in good correlation with the results of the HPLC and 100 °C
methods. In addition, by applying this method, the dependence of the
thermal activity of gunpowder on the factors that most significantly affect
the chemical stability of gunpowder, such as chemical composition, size
and shape of gunpowder grains, degree of decomposition of gunpowder,
quality of basic raw materials, storage conditions, etc., can be observed.

The proposal is to apply the MC method given by NATO standard
STANAG 4582 both for monitoring the chemical stability of gunpowder
during storage and predicting the service life of gunpowder, as well as for
the quality control of newly produced gunpowder.
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TIPO DE ARTICULO: articulo cientifico original

Resumen:

Introduccion/proposito: La polvora es un tipo de material explosivo (EM),
una mezcla de compuestos quimicos capaces de liberar su energia
potencial en una reaccién quimica exotérmica muy rapida. Este articulo
investiga las muestras de polvora de base unica.

Meétodos: La microcalorimetria (MC), o calorimetria de flujo de calor (HFC),
es el unico método moderno que controla la causa directa de la
autoignicion- la tasa de liberacién de calor, que es un factor clave para la
seguridad de los explosivos en el almacenamiento de pdlvora. Se basa en
calorimetros de alta sensibilidad que permiten monitorear reacciones
quimicas a bajas velocidades. Se utilizo el microcalorimetro “TAM III” y el
método dado por la norma OTAN STANAG 4582. Se obtuvo un resultado
muy confiable sobre la estabilidad quimica de las muestras de polvora
mono-base observadas, asi como una evaluacion de su comportamiento
en los proximos 10 afios.

Resultados: La actividad térmica de la polvora depende de varios factores,
los mas importantes son: composicion quimica, tamario y forma del grano
de polvora, grado de descomposicion de la pdlvora, condiciones de
almacenamiento, etc. Es decir, es un indicador mucho mas exacto y
consistente de la estabilidad quimica de la polvora en comparacion con el
diametro critico.

Conclusion: El método MC debe usarse tanto para monitorear la
estabilidad quimica de la polvora durante el almacenamiento como para
predecir la vida dtil de la polvora.

Palabras claves: pdélvora de base Unica, microcalorimetria, calorimetria
de flujo de calor, TAM Ill, STANAG 4582.
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Moaxoa K HaaexHoMy crnocoby onpeaeneHnst XMMUYECKOoW CTOMKOCTM
OZIHOOCHOBHbIX MOPOXOB METOA0M MUKPOKaropumeTpum

Munax M. Oxoknu2®, 3opaH M. Bany®, KOPPEeCNOHAEHT,

Bnadumup [. VirusTosny®

@ BoopyxéHHble Cunbl Pecnybnukun Cepbus, LieHTpanbHast noructuyeckas
6a3a, 1-i1 ueHTp nornctukm, r. benrpaa, Pecnybnvka Cepbus

6 YHusepcuteT 060opoHbl B I. Benrpan, BoeHHas akagemus, aenaptameHT
BOEHHOI0 XMMUYECKOTO MHXUHUPUHTa, . Benrpaa, Pecnybnuka Cepbus

PYBPUKA T'PHTW: 61.43.00 TexHonorus B3pbiB4aTbIX BELECTB N CPEACTB
XUMUYECKON 3aLLNThI
BWO CTATbW: opurmHanbHasa Hay4yHas ctaTbs

Pesrome:

BesedeHue/uenb: [lopox - amo pa3HO8UOHOCMb 83pbi84amozo
sewecmsa, npedcmasnsruwas cobol cMecb XUMUYECKUX COeOUHEHUU,
CMOCOBHbIX 8bICBOOOXOamb C80K MOMEHUUaNbHY0 3HEpaur 8
pe3ynbmame 6bicmpol 3K30mepmMuyeckol Xumudeckol peakuuu. B
daHHOU cmambe paccmampusaromcsi 06pa3ubl O0OHOOCHO8HO20
rnopoxa.

Memodsi: Mukpokanopumempus Uunu  Kasropumempusi mersioe8oeo
nomoka fengemcsi €OUHCMBEHHbIM  CO8PEMEHHbIM  MemodoMm,
Komopnbili criedum 3a enasHoll MpuqyuHOU CaMOB0CrIaMeHEeHUsT —
ckopocmblo  meniniogbidenieHusi.  Ckopocmb  menrniosbioeneHus
sensemcs  KiodesbiM — ¢hakmopoMm  83pbigobe3onacHocmu - ripu
XpaHeHuu mnopoxa. Memod ocHosaH Ha 8bICOKOYYy8CMEUMEebHbIX
Karopumempax, Komopbie 0380/510m omciiexugamps XumMu4yeckue
peakuuu Ha HU3KUX CcKopocmsix. B OdaHHoM uccnedosaHuu
ucrionb3oearncs Mukpokanopumemp "TAM lI", memod kKomopoeo
coomeemcmsayem cmaHOapmy HATO STANAG 4582. B xode
uccriefosaHusi rorny4eH HalexHbIl pe3ynbmam [0 XuMu4eckol
cmolikocmu ucrbimyeMbix 06pa3y0e 00HOOCHOBHO20 MOPOXa, a makxe
oueHka ezo rosedeHusi 8 meyeHue criedyrowux 10 nem.

Pesynbmamel: Tepmudeckasi akmueHOCmMb ropoxa 3asucum om
HECKO/bKUX ¢hakmopos, Hauboriee 8aXKHbIMU U3 KOMOPbIX 8/1SI0MCS:
Xumuveckull cocmas, pa3mep U ¢hopMma ropoxo8o20 3epHa, cmerneHb
passfioxXeHuUs rnopoxa, ycrosusi xpaHeHuss u m.0. A amo 2opa3sdo bornee
MOoYHbIe U rocriedosamersibHbIe roKa3amersiu XUMu4yeckol cmoulkocmu,
yeM Kpumudeckul Ouamemp.

Bbigo0bi: Memod mukpokanopumempuu criedyem ucrofib308amb Kak
0151 KOHMPOJISA XUMUYecKol cmolikocmu fopoxa rpu XpaHeHuu, mak u
01151 MPO2HO3UPOBaHUS CPOKa XpaHEeHUs Mopoxa.

Knouesble criosa: OOHOOCHOBHBLILU [MOPOX, MUKPOKaIopumMempus,
kanopumempus mennoso2o nomoka, TAM Ill, STANAG 4582.
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Mpuctyn noysgaHom HavvHy ogpehuBakba xemmnjcke CTabunHocTu
jeaHobasHmx GapyTa NpyMeHOM MeToae MUKpoKariopumeTpuje

Munax M. hokuhe®, 3opar J. Bajuh®, ayTop 3a npenucky,

Briadumup 0. UrisatoBuh®
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6 YuueepauTeT onbpaHe y beorpaay, BojHa akagemuja, Kateapa
BOjHOXEMMUjCKOT MHXeHepcTBa, beorpaa, Penybnuka Cpbuja

OBINACT: xemujcke TexHonoruje
KATETOPWJA (TWUIM) YITAHKA: opurnHanHm Hay4Hu pag,

Caxxemak:

Yeod/yurs: Bbapymu npedcmassbajy eKcruiosusHe Mamepuje, cMmewy
XEeMUJCKUX jeOur-erba CrocobHux Oa ceojy nomeHyujanHy eHepeaujy
ocs10600e HakoH 8pr1o Bp3uUX e230mepMHUX XeMUJCKUX peaKuyuja. Y ogom
pady ucniumyjy ce y3opuu jedHobasHux 6apyma.

Memode: Mukpokanopumempuja, unu Kasopumempuja monIomHoe
nykca, jeduHa je caspemeHa memoda Koja npamu OupeKkmaH y3pOoK
camo3anarbera — b6p3uHy ocrobafiama moriiome, Koja npedcmassba
KIbyYHU hakmop nupomexHuyke 6e36edHocmu mokomM cknaduwmerba.
BacHuea ce Ha sucokoocemsbUBUM KaropumMempuma Koju omozyhasajy
npahere xemujckux peakyuja ripu mManum 6pauHama. Y pady je kopuwheH
mukpokanopumemap ,,TAM III“ u memoda koja je HasedeHa y cmaHOapdy
~STANAG 4582 Beoma rioy30aHu pe3ynmamu 0obujeHu Cy 3a XeMUujcKy
cmabunHocm ucnumueaHux y3opaka jeOHobasHux bapyma, Kao u oyeHa
HUX0B80&2 rnoHawar-a y HapedHux 10 200uHa.

Pesynmamu: TonnomHa akmueHocm 6apyma 3asucu 00 HEKO/IUKO
hakmopa, 00 Kojux Cy HajeaxHuju: XxeMujcKu cacmas, OuMeH3uje u 0bruk
bapymmHoe 3pHa, cmerieH Oeepadayuje bapyma, ycriosu cknaduwmerba u
Op. Ona npedcmaerba e23aKmHUjU U KOH3UCMEHMHUju UHOUKamop
XeMujcke cmabusiHoCmu He20 WMo je Mo KpUMUYHU MPEYHUK.

Bakrpyyak: Memod mukpokanopumempuje mpeba Kopucmumu Kako rpu
npaherwy xemujcke cmabunHocmu 6apyma mako u rnpu npedsuhary
JXueomHoe seka yriompebe bapyma.

KmbyyHe  peyu:  jedHobasHu  bapym,  MUKpokasopumempuja,
Kanopumempuja morsiomHoe ¢rykca, TAM Ill, STANAG 4582.
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