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Abstract

The thermal analysis of powders and propellants extends the possibilities of study of their
chemical stability. Two models of double and triple base powders were analysed by differen-
tial scanning calorimetry. Their chemical stabilities were determined by using classical ana-
lytical methods. The thermal explosions of the powders were analysed. It was shown that the

thermal decompositions of double and triple base powders are controlled by the consumption
of nitro-ester stabilizers.
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Introduction

The chemical stability of chemical explosive materials (explosives, pyrotech-
nic mixtures, powders and propellants) changes during storage and manipula-
tion. The stability is determined by the kinetics of slow degradation which occurs
at ambient temperature under the conditions of the surroundings [1, 2].

The decomposition of explosive materials, depending on the sources of initia-
tion of the process, can be divided into: chemical, thermal, mechanical, photo, X-
ray and biological. In nature, these sources of initiation are not isolated, and the
processes of decomposition are related. During storage, explosive materials are
primarily exposed to heat and temperature changes and to mechanical strain dur-
ing manipulation.

Experimental

Because of the importance of the slow thermal degradation of explosive ma-
terials {3-5], the chemical stabilities of a few models of double and triple base
powders were examined in several steps:
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e preparation and examination of the powder model compositions [6];
e examination of the chemical stabilities of the powders at 65°C [7], ‘aged’ for
3, 6, 9 or 12 months,

These conditions were used because of the relatively small temperature in-
crease as compared to the upper temperature limit of use, 50°C, and the relatively
significant sample mass, 50 g (in order to establish the natural storage conditions
for propellants in service packages) [7].

The ‘aged’ propellant samples were stored in a storehouse for 24 months, un-
der the conditions of the propellants, with the aim of prolonging the beginning of
thermal decomposition. ‘Unaged’ reference propellants were stored in the same
storehouse.

The chemical stabilities of reference and ‘aged’ propeliant samples were ex-
amined by classical methods:

e Bergmann & Junk test at 120°C [7];
e heating at 100°C [7];

» methyl violet test at 120°C [7];

o Hansen test at 110°C [8].

Thermal analyses of the reference and *aged’ propellants were performed on
a Thermal Analyzer series 99 with a DuPont 910 Differential Scanning Calo-
rimeter (DSC). The samples (2 mg), cut into plates, were sealed in aluminium
pans. The nitrogen flow was 50 ml min~". The samples were scanned at heating
rates of 5, 10, 20 or 30°C min~'. All measuremens were performed tive to ten
times.

The stabilizer contents in the reference and ‘aged’ propellants were deter-
mined by gas chromatography (GC). The GC analyses were performed on a
Hewlett-Packard Model 5890 gas chromatograph equipped with a flame ioni-
zation detector. The chromatogram was evaluated with a Hewlett-Packard
Model 3396A integrator. A 10 mx0.53 mm L. D. fused-silica capillary column
coated with cross-linked methylsilicone statlonary phase of film thickness was
programmed from 100 to 200°C at 10°C min™. The detector temperature was
250°C. Helium was used as the carrier gas, at 15 ml min™". The 1n]ected sample
volume was 5 pL; it was split, with a spiit vent flow of 200 mL min . The in-
ternal standard method was used for the quantitative determination of the sam-
ple components, acetanilide (AA) being used as the internal standard.
Dichloromethane was used as solvent.

Results and discussion

The double base propellant (Bgo) consists of two energetic cormponents, iitro-
cellulose (NC) and nitroglycerine (NG) as a nitrocellulose gelatinizer; dibutyl
phthalate (DBP) as a nitrocellulose plasticizer; and centralite I (Cl-ethyl phenyl
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amine) as a nitrocellulose stabilizer. The triple base propellant (Bsg) contains ni-
troguanidine (NGV) as a third energetic component.

The chemical compositions, and physico-chemical and energetic properties
of the propellant models (moisture content (H,0), ignition temperature (T3} and

heat of explosion (Q)) determined after their production, are presented in Ta-
ble I.

Table 1 Chemical compositions, and physico-chemical and energetic properties of the propellant

models
NG NGV DRBP C H
Models ! 0 p/_a { / Q{l
mass% gcem C ig
By 57.04 37.53 - 2.97 2.26 0.20 1.592 168 4323

B, 2469 21.16  48.88 3.25 1.95 0.07 1.641 172 3456

The results of the classical chemical stability tests on the reference samples
{Boo, Bso) and propellant samples ‘aged’ for 3 (Boys, Bsor), 6 (Bows, Bsos), 9
(Boose, Bso) or 12 months (Boosiz, Bsorr2) at 65°C, after storage in a stroehouse for
36 months or 24 months, respectively, are given in Table 2.

Table 2 Results of chemical stability tests

By Boos Bows Booe Bowz Bso  Bsys Bsws  Bsow Bsons
Heating at 100°C, 0.5 4.5 3.5 117 0.6 =14 =14 =14 >14 >14

day

Bergmann-Junk at 425 4.61 454 545 481 452 499 517 436 554
120°C/em’

Hansen test at 359 348 345 333 3.16% 372 3.74 3.67 358 365
110°C, pH

Methylviolet test at 70 70 70 70 45 80 80 95 90 85
120°C/min

*unstable
##]imit of stability

The results and the adopted criteria for propellant stability showed that only
the method of heating at 100°C indicated that the propellant samples Booo and
Boonz were unstable. Otherwise, during the accelerated ‘ageing’ for propellant
sample Bgo at 65°C, nitrogen oxides were detected after 3 months of heating,
while in the case of triple base propellants, they appeared after 9 months of heat-
ing. During ageing, the samples changed colour (Bgo from yellow to dark-red,
and By, from light to dark-yellow), because of the interaction of the stabilizer
with the products of primary thermal degradation of the propellants.
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DSC curves of the reference samples By and Bsp and of the same samples
‘aged’ for 3, 6 or 9 months, scanned at heating rates of 5, 10, 20 or 30°C min™, are
shown in Figs 1 and 2 (a, b, ¢, d). The heating rates for sample Bsgyz (curves )
were 5 and 10°C min™".
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Fig. 1 DSC curves of prbpellant sample By,

During the examination of sample Bso/2, the reactions were so exothermic
that the sample pans were opened and displaced from their positions, and the sys-
tem became dirty. The samples were not examined at higher heating rates. The
DSC curves of the reference propellants and the same ‘aged’ propellants are
given in Figs 1 and 2(f), with scanning at the lowest heating rate, 5°C min”",

The propellants By and Bsg cxhibit diffcrences in thermal behaviour, In the
case of samples Bgo, ‘aged’ for 3, 6 or 9 months or ‘unaged’, one peak can be seen
representing the decomposition of the double base propellant. In the case of sam-
ples Bsy ‘aged’ for 3, 6 or 9 months, one peak is split into (wo, the secondary,
smaller peak of which originates from NGV [9] present in the sample in roughly
50 mass%.
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The values of the ‘onset’ and peak maximum temperatures and enthalpy
changes are not as important for these investigations as are the shapes of the DSC
curves.
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Fig. 2 DSC curves of propellant sample B,

The shape of the DSC curves of samples Boo and Bsp ‘aged’ for 12 months dif-
fers from the shapes of the other ‘unaged’ and ‘aged’ curves. In the case of Boosiz,
one loop can be seen in the DSC curve, while the Bsgiz curve has two loops.

The loops are characteristic of unstable samples. The appearance of loops is
probably a result of the thermal explosion of samples Boon2 and Bsoz during
DSC measurements.

The phenomena which occur in the sample correspond to the mechanism of
self-ignition of the unstable propellant: autocatalytic exothermic reactions
which then act as a heat source. As the temperature increase in the sample, after
a critical time it becomes the source of reaction propagation. The further thermal
degradation of the propellants follows the mechanisms of autocatalytic reac-
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tions. When an outside heat source exists, as in DSC, the equilibrium between the
generated heat and the heat which has been removed is disturbed. The heat accumu-
lation inside the propellant is rapid, and thermal explogion of the propellant occurs.

It is questionable why thermal explosions occurred only in the case of sam-

ples Boos12 and Bsoa.
To find an answer, it was necessary to analyze the content of stabilizer in the

propellants. Using gas chromatography, it was found that all the stabilizer was
consumed in samples Bso/2 and Bog/iz, Fig. 3. Theretfore, as long as there is any sta-
bilizer in the propellant, no critical temperature or thermal explosion are evident.
The thermal decomposition of the propellant is directly controlled by the con-
sumption of the nitro-ester stabilizer. In that case the rate of reaction is inde-

pendent of the sample mass.
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Fig. 3 Chromatograms of propellant samples

Conclusions

The thermal analysis of propellants permits conclusious ou their stability, Of
the classical methods of stability investigation, the heat test at 100°C gives the
most reliable results.
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DSC allows the examination of propellant sensitivity to thermal explosion,
which occurs when all the stabilizer in the propellant is consumed. The thermal
degradation of the propellant is controlled directly by the consumption of the ni-
tro-ester stabilizer.

None of these methods give precise and certain results which can prove the
stability of the propellant.

When one of these methods indicates propellant instability, it is necessary to
continue the investigations to prove this,

References

1 1. Quinchon, J. Traunchant and M. Nicolas, Les poudres pour armes, Tec & doc, Paris
1986.

2 K. K. Andreev and A. F. Belyaev, Teoriya vzryivachatyih veshchestv, Obronriz, Moskva
1960.

3 V. R. P. Verneker, K. Kishore and S. B. V. Subbas, Propellants and Explosives, 4 (1979)
83.

4 V. R. P. Verncker and K. Kishore, Propellants, Explosives, Pyrotechnics, 8 {1983) 77.

5 J. Kimura, Propellants, Explosives, Pyrotechnics, 13 (1988) 8.

6 M. Filipovi¢ and V. Kapor, Nauéno-tehniki pregled, 40 (1990) 9.

7 Analytical Methods for Powders and Explosives. AB Bofors, Nobelkrut, Bofars, Sweden,
1960, p. 42-60.

8 Epreuve Hahsen (Measure du pH), FP-403-A-1, France standard, 1979.

9 M. Stankovié¢, M. Filipovié and V. Kapor, J. Serb. Chem. Soc., in press.

J. Thermal Anal., 52, 1998



