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The problem of assessing the chemical stability of nitrocellulose (NC) based propellants is examined with a focus on a
comparative analysis of the home country based methodology and modern methods used in the world. The measurements
were performed using the instrumental methods such as microcalorimetry and high pressure liquid chromatography.
During many years of implementation, the disadvantages of the domestic method of microcalorimetry for the chemical
stability assessmentby measuring the critical diameter of NC propellants in accordance with SORS 8069/91 standard have
been noticed. Therefore, the priority of the research in the field of thermal activity of NC propellants is given to the method of
measuring the heat flow in accordance with STANAG 4582 NATO standard. The analysis of the results of the assessment of
the chemical stability of different types of gunpowders (GP) stored in collections under continental and mediterranean climate
conditions has shown that there is no correlation between the results of the heat flow measurements done in accordance with
STANAG 4582 and the results of the measurements of the critical diameter and stabilizer content in naturally aged GP done
in accordance with SORS 8069/91. There is agreement between the results of the chemical stability assessment by measuring
heat flow in accordance with STANAG 4582 and the results of the measurements of the stabilizer content in artificially aged
NC propellants done in accordance with AOP-48 Ed.2.
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Used simbols

AOP — Allied Ordnance Publication;
CI — Ethyl centralite;

DPA — Diphenylamine;

DPA eff — Diphenylamine effective

GP — Gunpowder;

HFC — Heat Flow Microcalorimetry;

HPLC  _High Performance Liquid Chromatography;

NATO  — North Atlantic Treaty Organization;
NC — Nitrocellulose;

SORS  — Standard odbrane Republike Srbije;
STANAG — Standardisation Agreement of NATO/P{P.

Introduction

URING the storage of ammunition charged by NC

propellants, series of chemical-physical processes that
cause their aging occur [1]. The chemical aging process takes
place under very complex mechanisms and, under certain
conditions, it can cause the change of the characteristics of
propellants below acceptable, marginal values which
guarantee the security of ammunition in use and storage.

Storage of ammunition charged by propellants of reduced
quality becomes risky because of a possibility of spontaneous
self-ignition and large scale accidents. The danger of
spontaneous self-ignition during storage is a consequence of
the fact that NC is subjected to a slow but constant thermal
decomposition. Among the products of decomposition of NC,
which is the basic energy component of homogeneous
propellants, there is an increase of nitrogen oxides content
which causes its further autocatalytic exothermic degradation.
Under certain, critical, conditions, this can lead to
spontaneous self-ignition of propellants in ammunition [2].

Many years of research, throughout the world, have
resulted in more modern instrumental methods for monitoring
changes in the physico-chemical properties of propellants
caused by ageing [3]. Today, during the control of chemical
stability, the method of microcalorimetry and the method of
determination of stabilizer content have priority [4].

Stabilizer content is a parameter closely connected to the
process of thermal decomposition of NC. It is measured by
the methods of high performance liquid chromatography
(HPLC), gas chromatography, thin layer chromatography and
UV-Vis spectrophotometry [3]. The thermal properties of
propellants are measured by the heat flow microcalorimetry
method [3, 4].
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Assessment of the stability of propellants in
accordance with SORS 8069/91, STANAG 4582
and AOP-48 Ed.2 standards

The thermal activity monitoring is one of the main
parameters on the basis of which the stability of propellants
can be assessed [5]. The reactions of the thermal
decomposition of nitrocellulose are exothermal. It can lead to
the accumulation of heat in propellants the further
consequence of which may be an increase in temperature to
such an extent that it creates the conditions for propellant
spontaneous self-ignition. The microcalorimetric method for
assessing the stability of NC propellants is standardized by
SORS 8069/91 [6]. It prescribes the determination of the
critical diameter for spontaneous self-ignition of propellants.
Based on its value and in accordance with the criteria set
forth, the categorization of the tested propellants is carried out
[6]. A decision on a further action related to the procedure of
propellant storage is made subsequently. The standard
prescribes the method of microcalorimetry to determine
thermal activity, which is based on the theory of thermal
explosion and monitors the amount of heat released as an
immediate cause of spontaneous self-ignition [6]. The
microcalorimetry method, an original national method, was
introduced twenty years ago. This method includes the
measurement of the heat generation rate in the most critical
part of the sample (geometric center) during isothermal
heating at a temperature of 60°C. The critical diameter (D,) is
the diameter of the sample catridge or ammunition caliber at
which heat generated by thermal decomposition of propellants
equals the amount of heat that can be exchanged with the
surroundings in such conditions [4, 6, 7]. If the diameter of an
examined propellant sample is larger than the critical one, this
leads to an autocatalytic process. In that case the rate of heat
generation is greater than the rate of heat removal. The
consequence can be self-ignition of NC propellants [4, 6, 7].
During the years of implementation, some disadvantages of
the mentioned method have been identified [4, 8]. NATO's
concept of measuring the thermal activity of propellants is
based on the use of far more sophisticated high sensitivity
microcalorimetric equipment for heat flow measuring.

STANAG 4582 prescribes the procedure for assessments
of chemical stability of propellants based on the Heat Flow
Microcalorimetry (HFC) method of measuring heat flow at
elevated temperatures. This method has the ability to predict
chemical stability for at least 10 years of storage at an
isothermal storage temperature of 25°C [5, 9].

The standard prescribes time-temperature test conditions
by equation (1), giving the period during which the sample
would be exposed to the influence of heat equivalent to the
influence of heat during isothermal storage of 10 years at
25°C [9].
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where:
t, -time of measurement at 7,,, days;
tys - time of storage at T,s, 10 years = 3652.5 days;

E, - activation energy for heat generation caused by thermal
decomposition of propellants at temperatures higher
than 60°C, J/mol; E,= 120 kJ/mol;

T, - temperature of measurement, K;

Tso - temperature of change of the activation energy for NC
thermal decomposition, 60°C = 333.15 K
T,s - temperature of storage, 25°C= 298.15 K

R - universal gas constant, R= 8.314 J/K mol;

E, - activation energy for heat generation caused by thermal
decomposition of propellants in a temperature range
from 25°C to 60°C, J/mol, E, = 80 kJ/mol.

The time of the test duration (%,) in the microcalorimeter
[9], and the criteria limit of heat flow values measured by
HFC method depend on the selected test temperature T,,, and
are given in Table 1 [9].

Table 1. The values of the test time and the limits of the heat flow P, at
different test temperatures [9].

7. [°C] I [day] Py [pWig]
60 123.0 9.8
70 348 345
80 10.60 114.0
90 343 350.0

The activation energy of the reaction of stabilizer
consumption during single temperature isotermal heating of
different types of NC propellants is approximately equal to
the value of the activation energy obtained by testing the same
samples in the microcalorimeter. Therefore, AOP-48 Ed.2 and
STANAG 4582 standards use the same test conditions given
in equation (1) related to the test temperature and time [9-12].
Chemical stability of propellants with different stabilizers
such as: diphenylamine (DPA), ethyl centralite (CI), methyl
centralite (CII), acardite II, 2-nitro-DPA, etc., can be assesse
by these procedures [9, 10]. NC based propellants will be
assessed according to the following criteria [10]:

Criterion 1: Maximum decrease in effective stabilizer
during ageing (in % of the initial level) < 80 %.

Criterion 1: Minimum percentage of effective stabilizer
remaining after ageing > 0.2 %.

Experiment

The gunpowders (GPs) stored under conditions of
continental climate (collection marked as KB-1) and under
those of mediterranean climate (collection marked as KB-2),
were investigated.

The chemical stability of the mentioned GPs was assessed
in accordance with:

- SORS 8069/91 by measuring the remained stabilizer
content in naturally aged GPs from the collections as well

as the critical diameters of GPs [4, 6, 13];

- STANAG 4582 by measuring the heat flow of GPs [4, 9].

Also, different types of propellants were artificially aged [4] in
the heating tubes within a thermal block at 90°C (Fig.1). Then,
the content of the remaining stabilizer in these isothermal heated
samples was determined periodically by high pressure liquid
chromatography [4].

Figure 1. Isothermal heating of NC propellants
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The stabilizer content in the tested propellants was determined
by the procedures described in [4,14] using the liquid
chromatograph "EF Waters 1525 Binary HPLC pump" with a
thermostat for column heating, the manual injector "Rheodine
Model 7125", and the photodiode array detector "Waters 2998
PDA" (Fig.2).

Figure 2. The liquid chromatograph "Waters"

The heat flow measurement of the same tested NC
propellants was performed in accordance with STANAG 4582
on the HFC microcalorimeter TAM 111 (Fig.3).

i] c T— gl

Figure 3. Heat flow microcalorimeter TAM III

After grinding and sieving, the propellant samples were placed
in hermetically sailed vials for sample testing [4, 9]. The sample
volume was about 2 cm’. 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 from the
time when the realised heat had become greater than the limit
value, 5 J/g (Table 1). To satisfy the requirements for propellant
stability, the value of the measured heat flux should be lower
than the criterion prescribed for the limits of heat flux, 350.0
uW/g at 90°C (Table 1).

The critical diameters of self ignition of naturally aged NC
GPs from KB-1 and KB-2 were measured in accordance with
SORS 8069/91 in the microcalorimeter MICRO III of
domestic production [4, 6]. After grinding and weighing, the
GP samples were placed in a cylindrical brass vessel (4 cm in
diameter and 4 cm high) and tempered first at 60°C and then

at 70°C. The heat released at each of the temperatures was
measured.

Results and Discussion

Correlation of the measurements of heat flow and stabilizer
depletion in isothermal heated propellants

In order to determine the mentioned correlations, heat flow
measurements were performed in accordance with STANAG
4582 and stabilizer content measurements in accordance with
AOP-48 Ed.2., by heating propellants at 90°C [4]. The results of
the measurements of heat flow of (3.43 days at 90°C) in the
HFC microcalorimeter are shown in Figures 4-10.
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350

300

STANAG 4582 Higher heat flow limit at 90°C

The results of the assessment of the chemical stability of the
five double base rocket propellants and two single base GPs
examined by the method of heat flow measurement in
accordance with STANAG 4582 and by the method of
stabilizer depletion in accordance with AOP-48 Ed. 2. are
shown in Table 2 [4]. The heat flow values marked with * are
the average values of two measurements [4].

Table 2. Assessment of the chemical stability of propellants, methods

based on isothermal heating at a temperature of 90°C
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Figure 10. HFC (3.43 days at 90 °C ) NGR-176, 2005

STANAG 4582 AOP-48
GP and DB Doeaerr | DPA
Rp  [Heatflow,| HFC Dci, eff | Criteria of stabilizer
pW/g | criteria | Den, |CL CIL content
% mas %
KUB-M, 115.8" 3878 0.78 Doppaert, D o, D cn
1977. <80%
BR-1PZ * <350 and
132.6 < 37.06 | 1.80
AM, 1983. WW/g DPA o, CI, CII
R?§17_56.0’ 102.2° ﬂ 2443 | 2.08 >0,2 mas %
NGR-176,1 5 5 2671 | 2.25
2005.
>10 years
NOR316.1 843 | at25°C | 2446 | 210 > 10 years
NC40S at25°c
9226 61.8 20.76 | 0.84
NC-48, ;
2011. 369 ) ) )

The analysis of the results showed that all tested
propellants satisfy the limit criteria of stability set out in
STANAG 4582 and AOP-48 standards. Therefore, NATO
standards predict and guarantee that tested propellants will
remain chemically stable if stored at ambient temperatures
(25°C) for a minimum of 10 years. The results of the chemical
stability assessment by the method of heat flow measurement
and by the method of stabilizer determination overlapped
completely. [4]. An excelent compatibility of the results of the
two leading NATO methods of assessment of the chemical
stability of propellants, based on the same principle of
accelerated aging samples at single temperature, was
confirmed. If necessary, the priority is given to the HFC
method, which is a more direct method related to measuring
the consumption of stabilizers, because it measures a direct
cause of spontaneous self ignition.

Examination of the stabilizer content - heat flow correlation
during the same temperature-time conditions of isothermal
heating

The best way to examine the stabilizer content - heat flow
correlation, could be by occasionally interruption of the
experiment in the microcalorimeter and then the measurement
of residual stabilizer in the propellant. In the absence of the
results of such experiments and in order to study the different
phases of the process of thermal decomposition of propellants,
this research is based on the measurements, the results of
which are shown in Fig.11.

The figure simultaneously shows the results of:

- periodical measurement of the stabilizer contents in the
samples of single base powder NC-40, isothermally heated
in a thermo-block for 5 days at 90°C [4], and

- continuous measurement of the heat flow of the same
sample, NC-40, during the experiment in the HFC
microcalorimeter, 5 days at 90°C, in accordance with
STANAG 4582 [4].
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Figure 11. Heat flow and stabilizer content, NC 40 S 9226 at 90°C

By analysing Fig.11, we can explain the interdependence
of the stabilizer consumption during the period of
continuously measured heat flow during the thermal
decomposition of NC-40 powder [15]. The initial part of the
HFC curve with the maximum value of heat flow around
454 uW/g is a consequence of the primary reactions of
powder NC-40 with residual oxygen in the HFC vial. The
integral part of the area under the curve is in correlation with
the stabilizer content of DPA stabilizer and the amount of
oxygen present in the atmosphere [16]. After decreasing the
part of the HFC curve, the following part of the curve is the
result of a constant rate of decomposition of the tested single-
base powder, which is why about the same amount of heat is
released during this period of measurements.

In accordance with the mechanism of the chemical
transformation of DPA and its derivatives [4] of single-base
GPs, after the phase decomposition during which all the DPA
was consumed, its nitroso derivative N-nitroso-DPA
(NNODPA) takes the role of a stabilizer in single-base gun
powder. Although at the end of the experiment only about
0.17 mass % of the DPA remained in the propellant,
STANAG 4582 test guaranteed chemical stability in the
period of 10 years at 25°C. This figure clearly shows that the
NNODFA takes the role of the stabilizer. The content of
NNODFA in NC-40 at the end of the experiment was
0.73 mass %. The measured heat flow is 60.5 uW/g during the
test by the HFC method (3.43 days at 90°C). Under the same
conditions of isothermal heating of NC-40 (3.43 days at
90°C), the relative consumption of effective DPA is
Dppacir= 21.70 % and it is equivalent to the amount of the
stabilizer that would be consumed in the period of storage of
10 years at 25°C.

Correlation of the results of the measurements of heat flow
and stabilizer content in naturally aged gunpowder

The test results of the chemical stability assessment of
naturally aged gunpowder were analysed [4]. Table 3 shows
the average values of the chemical stability parameters of
gunpowder measurements [4].

Table 3. Average values of the chemical stability parameters of GPs from
collections KB-1 and KB-2

Measured parameter KB-1 KB-2
DDPA eff, IMNAS % 19.36 24.58

Heat flow, uW/g 107.75 | 203.72
Critical diameter, m 0.46 0.35

The analysis of the average values of the measurement
results showed that the GPs samples from the collection
stored in the conditions of mediterranean climate, KB-2,

showed a faster decreasing stability compared to the
gunpowder samples from the collection stored in the
continental climate conditions, KB-1. It results in: increase in
relative consumption of effective DPA (Dpgacfr) and heat flow
and decrease in the critical diameter. These facts are the
consequences of the mediterranean extreme climate
conditions in the GPs collection marked as KB-2 (higher
temperature, humidity and salty atmosphere).

Fig.12 shows the comparison of the results of the
measurements of the relative consumption of the stabilizer,
the heat flow and the critical diameter of single-base GP
samples: NC-45, NC-123, NC-18, NC-281, NC-37, NC-43
and NC-44, which were sampled from KB-1 collection [4].

The observation of each GP individually, despite the trend
ofincreasing of a relative consumption of diphenylamine, and
effective heat flow, there are some deviations, which mostly
depend on the GP age and chemical composition, the
geometry of the propellant grain and the technological process
of GPs production.
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Figure 12. Correlation of the measurements of the heart flow, the stabilizer
consumption and the critical diameter of GP from KB-1

Table 4 presents an interesting case of NC-281 single-base
GP, whose two series, 9715 and 9816, were stored 12 years
(tg) under the same conditions of mediterranean climate
(collection KB-2). The mentioned series of gunpowder NC-
281 have the same compositions, geometries, moisture
content and the same content of remained DPA (1.3 mass%)
and effective DPA (1.48 mass%) [4].

Table 4. Assessment of the chemical stability of NC-281 from KB-2 [4]

STANAG
(SORS 4582

Stabilizer content, mas %

INC-281] ¢,

series |years| DPA, | DPA I]\;I:g 2NDPA | 4NDPA | 8069/91) | Heat flow
DPA eff | [uW/g]
9715 |12] 1.37 | 1.3 [ 0.04| 0.11 0.03 1.48 222

9816 12| 1.40 | 1.3 |0.03 | 0.12 0.03 1.48 180.9

The content of DPA and its derivatives was determined by
HPLC in accordance with SORS 8069/91 and it provides
information on the current state of naturally aged
gunpowdersand their current chemical stability [4]. Both
tested series of NC-281 single-base GP have the same content
of DPA and DPAeff. It indicates their equivalent current
chemical stability at the time of the measurement of stabilizer
content.

However, two series of the mentioned NC-281 GP have
drastically different mesasured values of heat flow (22.2
uW/g and 180.9 uW/g). The higher value of heat flow, 180.9
uW/g, indicates greater thermal activity of NC-281 S 9816
due to faster thermal decomposition when it is heated to 90°C
during the experiment.

Isothermal heating is in the basis of the process of
measuring heat flow, which is why the method accordance to
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STANAG 4582 has the ability to predict the behavior of GPs.
Therefore, a higher heat flow value (180.9 uW/g) indicates
and predicts a faster dynamics of aging of 9816 series in the
subsequent period of storage. Considering the same
composition, geometry, moisture content and storage
conditions, the differences in the dynamics of aging of two
series of the same NC-281 single-base GP can be explained
by the quality of used nitrocellulose and the technological
process of NC-281 production. This example generally
illustrates the advantage of the procedure of assessment of
chemical stability of propellants based on isothermal heating
related to the procedure without isothermal heating [4].

Correlation of the results of the measurements of the heat
flow and the critical diameter of gunpowder

The results of the measurements of the heat flow and the
critical diameter in GPs, sampled from the collection with
continental climate, KB-1, are compared in Fig.12. The
observation of each GP individually, despite the trend of
increasing of effective heat flow, and decreasing of critical
diameter of GPs, there are some deviations. This can be
explained by the disadvantages of the domestic method of
determining the critical diameter such as: the introduction of a
series of approximations, imprecision of the MICRO III
calorimeter of domestic production and the mode of
measurement, low reproducibility, no correlation with other
methods, the device retaining heat poorly, and the rate of heat
evolution measured indirectly through the temperature
difference, AT, with a problem of the precision of the AT
determination [2].

The difference of the method of measuring heat flow in
accordance with STANAG 4582 related to the SORS 8069/91
method of determining the critical diameter is reflected in
much greater precision and reproducibility of measurement, a
small number of samples, higher productivity due to a large
number of samples to be tested at once and ecase of
interpretation of the results [2]. For these reasons, in order to
improve the assessment of the chemical stability of NC
propellants, it is proposed to introduce the method of
measuring heat flow in accordance with STANAG 4582
instead of the method of measuring the critical diameter in
accordance with SORS 8069/91 standard.

Conclusion

The paper deals with a comparative analysis of the results
of assessing chemical stability of different naturally and
acceleratingly aged propellants using the national and world
methodology. The results were obtained by measuring the
heat flow in the HFC microcalorimeter, measuring the critical
diameter in the microcalorimeter of domestic production and
determining the stabilizer content by the HPLC method.

The analysis of the average values of the measurements of
chemical stability parameters of NC gunpowders, showed that
the GPs from the collection stored in the conditions of
mediterranean climate, KB-2, had a faster decreasing stability
compared to the gunpowder samples from the collection
stored in the continental climate conditions, KB-1. Increasing
of heat flow and relative consumption of effective DPA and
decreasing of the critical diameter of examined GPs are the
consequences of the mediterranean extreme climate
conditions in the GPs collection marked as KB-2 (higher
temperature, humidity and salty atmosphere).

However, in individual cases there are deviations which
can be explained by the perceived disadvantages of the SORS
8069/91 microcalorimetry method and a substantially
different principle of assessing chemical stability in

accordance with STANAG 4582 method compared to SORS
8069/91 method for determining the stabilizer content. The
correlation between the method for assessing chemical
stability by measuring heat flow (STANAG 4582) and the
method of determining the stabilizer content in naturally aged
gunpowders (SORS 8069/91) is not confirmed but there is a
compatibility of STANAG 4582 method with the method of
determining the stabilizer content in artificially aged
propellants (AOP-48 Ed.2) . It was experimentally confirmed
that all tested propellants meet the limit criteria of chemical
stability prescribed by STANAG 4582 and AOP- 48 Ed.2
standards and, therefore, sufficient chemical stability under
conditions of storage during 10 years at 25°C can be
guaranteed. An excelent compatibility of the results of the two
leading NATO methods of assessment of the chemical
stability of propellants, based on the same principle of
accelerated aging samples at single temperature, was
confirmed..
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Komparativno ispitivanje hemijske stabilnosti baruta i dvobaznih
raketnih goriva merenjem toplotne aktivnosti i sadrzaja stabilizatora

IstraZivana je problematika pracenja hemijske stabilnosti baruta i dvobaznih raketnih goriva (DRG) sa teZiStem na
komparativnoj analizi domace metodologije i savremenih metoda koje se koriste u svetu. Merenja su izvr§ena primenom
instrumentalnih metoda, kao $to su mikrokalorimetrija i te¢na hromatografija visokog pritiska. ViSegodi$njom primenom,
uoceni su nedostaci domace metode ocene hemijske stabilnosti merenjem kritinog pre¢nika baruta i DRG prema standardu
SORS 8069/91. Stoga je prioritet pri istraZivanju u oblasti toplotne aktivnosti baruta i DRG dat metodi merenja toplotnog
fluksa prema NATO standardu STANAG 4582. Analiza rezultata ocene hemijske stabilnosti razliitih vrsta NC baruta
¢uvanih u kolekcijama u uslovima kontinentalne i mediteranske klime pokazala je da ne postoji korelacija rezultata merenja
toplotnog fluksa prema standardu STANAG 4582 sa rezultatima merenja Kriticnog precnika i sadrZaja stabilizatora u
prirodno starenim barutima, prema SORS 8069/91. Utvrdena je usaglaSenost rezultata ocene hemijske stabilnosti merenjem
toplotnog fluksa prema STANAG 4582 i rezultata merenja sadrZaja stabilizatora u ubrzano starenim barutima i DRG prema
AOP-48 Ed.2.

Kljucne reci: barut, dvobazno raketno gorivo, hemijska stabilnost, mikrokalorimetrija, toplotni fluks, tena hromatografija,
stabilizator.

CpaBHUTE/IBHOE H3YYEeHUE XUMHUYECKON YCTOMYHUBOCTH MOPOIIKOBBIX
U IBAKAbI 02a30BbIX PAKETHBIX TOILUIUB IMIyTEM U3MEPEHUS TENJI0BOMI
AKTHMBHOCTH U COJIEP:KAHMA CTA0MJIM3aTOpPa

MpbI uccjiefoBaIM npodsieMy MCCIeI0BAHHS XUMHYECKOl YCTOIYMBOCTH MOPOLIKOBBIX H JBaIbI 6a30BbIX TomumB (IBT) ¢
AKIIEHTOM HA CPABHUTE/ILHOM aHAJIM3e IOMALIHAX METOI0JIOTHii i COBPeMEHHBIX METO/I0B, HCI0/Ib3yeMbIX B Mupe. Mizmepenust
NPOBOJH/INCH C HCTIO/Ib30BAHNEM HHCTPYMEHTATLHBIX METO/IOB, TAKHX KAK MHUKPOKAJIOPHMETPHSI H KHKOCTHASI XpoMaTorpadust
BbICOKOI0 1aBJieHns1. Ha poTsikeHIH HeCKOILKHX JIET peaIu3alHy NpPeaoaraeMbIX MeTo/10B 3aMedeHbl HeJOCTATKH J0MALIHEro
MeTO/1a XMMHYECKO¥ yCTOIYHBOCTH Iy TEM H3MepeHNs] KPUTHYECKOTo JuaMeTpa nopouika u JIBT B co0TBeTCTBHH €O CTAaHIAPTOM
SORS 8069/91. Taxnm 06pa3oM, IPHOPUTET HCCIEIOBAHUIT B 00,12CTH TepMUYecKoii akTHBHOCTH nopoika i JIBT oGecneunBaer
crocod usmMepeHust noToka Temvia B coorserctBuu ¢ HATO-cranaaprom STANAG 4582. AHasn3 pe3y./1bTaTOB OLIEHKH XHMH4eCKOii
yeroifunBocTH pasmuHbIX BuoB HII mopomika, KoTopble XpaHSITCS B KOJUIEKIMSIX B YCJIOBHSIX KOHTHHEHTAJILHBIX U
cpeIn3eMHOMOPCKHX KJIHMATOB, IOKA32J1, YTO HeT HHKAKOH KOpPe/IsIliiH Me;KAY pe3y/IbTATaMH H3MepeHHIi TelIoBOro oToKa B
cooTBeTcTBHH €0 cTanaapToM STANAG 4582 ¢ pe3yibTaTaMu M3MepeHHii KpUTHYECKOI0 AUAMETPA U COICP/KAHUS CTA0W/IN3aTOpa
B HATYPAIbHBIX NpecTapeibiX nopomkax B coorsercTBuH ¢ SORS 8069/91. YcTanoB/1eHO COOTBETCTBHE Pe3y/IbTATOB OLEHKH
XHMHYeCKO¥ YCTOIYMBOCTH NMyTEM M3MepPeHHsl NMOTOKA Telula 1Mo oTHoueHuIo K crannapty STANAG 4582 u pesysbraToB
H3MEPeHHUs COACPKAHUS CTA0WIN3ATOPA B MCKYCCTBEHHO NpecTapebix nopowmkax u JIBT no AOP-48 Ed.2.

Knouesvie crosa: Ilopomok, ABazkabl 6a30BOe paKeTHOe TOILIHBO, XHMHYECKasl YCTOHYHBOCTh, MHKPOKAIOPHMETPHS,
TeIUIOBOi OTOK, KHAKOCTHAsI XpoMaTorpadgusli, Cradu/IM3aTophbl.

Examen comparatif de la stabilité chimique du poudre et des
propergols bibasiques par mesurage de ’activité thermique et du
contenu des stabilisateurs

Les problémes de la suivie de stabilité thermique de la poudre et des propergols bibasiques (DRG) avec le centre d’intérét sur
P’analyse comparative de la méthodologie nationale et les méthodes modernes utilisées mondialement ont été étudiés dans ce travail.
Les mesurages ont été effectués a ’aide des méthodes instrumentales telles que microcalorimétrie et chromatographie de haute
pression. Aprés I’utilisation pendant plusieurs ans on a constaté les inconvénients de la méthode nationale pour I’estimation de la
stabilité chimique par mesurage du diamétre critique chez la poudre et DGR selon la norme SORS 8069/ 91. Pour cette raison on a
donné la priorité dans ’examen de P’activité thermique de la poudre et DRG a la méthode de mesurage du flux thermique selon la
norme STANAG 4582 de ’OTAN. L’analyse des résultats de I’estimation de la stabilité chimique chez les différents types de poudre
NC gardées dans les collections en conditions climatiques continentales et méditerrranéennes a démontré qu’il n’y avait pas de
corrélation entre les résultats de mesurage du flux thermique selon 1a norme STANAG 4582 et les résultats de mesurages du diamétre
critique et le contenu de stabilisateur dans les poudres vieillies artificiellement selon la norme SORS 8059/91. On a constaté I’accord
des résultats de I’estimation de la stabilité chimique par mesurage du flux thermique selon la norme STANAG 4582 etles résultats de
mesurages du contenu de stabilisateur dans les poudres vieillies artificiellement et DRG selon AOP-48 Ed.2.

Mots clés: poudre, propergol bibasique, stabilité chimique, microcalorimétrie, flux thermique, chromatographie liquide,
stabilisateurs.





