18

Scientific Technical Review, 2016,Vo0l.66,No.1,pp.18-22

UDK: 662.312.1:665.351.
COSATI: 19-01, 21-09

Determination of Chemical Stability of Propellants Using the
Vacuum Stability Test Method

Bojana Fidanovski"
Mirjana Dimi¢"
Aleksandar Milojkovi¢"
Vesna Rodi¢"

This paper includes the results of the examination of the single base propellants, double base propellants and double base
rocket propellants with the Czech Vacuum Stability Test STABIL. For this method the main term was to analyze and
define the best options for preparation of the samples, selection of the optimal mass of the samples and conditions of
examination. Chemical stability of these samples was determined according to the STANAG 4556 standard method.
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Introduction

MPORTANT information about the behavior of energetic

materials powder, single base propellants and double
base propellants, double base rocket propellants etc., is
based on the chemical stability. This information is
essential to a safe production, handling and disposal.
Method for determining chemical stability can be used to
predict life time and to choose the adequate storage
conditions. Chemical stability is an ability to keep chemical
properties in the defined criteria as long as possible.

There are several types of powder and double base
rocket propellants. The basic energetic components of all of
them are nitro esters (nitrocellulose and nitroglycerin).
Depending on the purpose, in order to achieve the desired
properties, double base rocket propellants may also contain
other additives. Thermal decomposition of these nitro esters
starts from the very beginning of the production of
nitrocellulose (NC) and nitroglycerin (NG), it is present in
the production of double base rocket propellants, and it
continues long after their preparation, during the storage
[1]. The reaction of thermal decomposition of nitrocellulose
begins with hemolytic tearing of the CO-NO, bond

(RO-NO, — RO°+NO,°). This reaction forms as
products free radicals, RO° and NO,°, which then
recombines immediately and attacks the molecular chains
of nitrocellulose and nitroglycerine, the conduct of
secondary reactions, each of them takes place at its own
speed and with the exothermic effect [2-4].

Nitrogen oxides occur as degradation products. They
cause further autocatalytic degradation of double-base
propellants at the storage temperatures. This degradation can
lead to a spontaneous combustion of double base propellants.
In that case, double base propellants should be removed
promptly from the warehouse or from the ammunition, to

avoid this very dangerous situation. In order to predict when
such situations might occur, different tests of stability were
developed. There are several classical methods, and the most
widely used methods that specify the chemical stability of
energetic materials are manometric methods.

For about a century, a variety of vacuum methods has been
used for this purpose. Among the best known today are the
isothermal manometric method in the Russian version [5, 6]
and the American vacuum stability test. The American
vacuum stability test, however, is more suitable for the
technical assessment of an explosive’s stability [7-9]. In the
former Czechoslovakia, a manometric method was developed
[10], which is known under the name STABIL; it can be
considered- to a certain extent- to be an automatic version of
the American vacuum stability test [11]. This method was
designed for the technological checking of the quality in the
production of energetic materials, Fig.1.

Figure 1. Vacuum stability test, STABIL
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In addition to the instrumental, there are classical
methods of chemical stability for single and double base
propellants, and for double base rocket propellants. Those
classical methods are: Heating at 100°C, Methyl violet
method at 134.5°C (for single base propellants), and at
120°C (for double base propellants and double base rocket
propellants). These methods are based on the accelerated
degradation of powder and propellants and the quantitative
monitoring of the released nitrogen oxides.

All these methods, classical and instrumental, are
important for interpretation of the results and for giving an
opinion about the chemical stability [12].

Therefore, the goal of this work is to use the Vacuum
stability test for analyzing the chemical stability of single
base and double base propellants and double base rocket
propellants, by using the STANAG 4556 standard method.

Experiments and methods

In order to determinate the chemical stability, it is neces-

sary to go through the following stages:

- Selection of the samples of single and double base
propellants and double base rocket propellants;

- Preparation of the samples;

- Application of classical methods for testing the chemical
stability of the samples;

- Application of vacuum stability test - chemical stability
of the samples;

- Comparative analysis of the chemical stability of all tests
results according to the defined criteria.

Samples of the single base and double base propellants

The following samples were selected for the
experiments: single base propellants - SBP-1, SBP-2, SBP-
3, double base propellants —-DBP-1, DBP-2 and double base
rocket propellants — DBRP-1 and DBRP-2.

Preparation of the samples

Dimension of the samples: Single base propellants have
a small rectangular form, approximately 2 mm x 2 mm.
Because of that, they were used in their original shape. On
the other hand, the samples of the double base propellants
and double base rocket propellants were chopped into small
pieces, dimension 2 mm x 2 mm.

Mass of the samples: Masses of the samples are defined
in SORS 9373 for classical methods [13].

For Vacuum stability test the mass of the samples were
measured approximately 1.000+0.0001 g and 2.000+0.0001 g.

Drying time (only for the Vacuum stability test):
Chopped samples were used with and without drying. For
the dried samples the temperature of heating was 55°C to
the 60°C. And the time that the samples were on that
temperature was 0 (undried), 60, 240, 960 minutes. After
that, and before putting the sample in the instrument, they
need to cool in desiccators to the room temperature,
approximately 4 hours.

Classical methods

Testing of the chemical stability of the single and double
base propellants and for double base rocket propellants
using traditional methods was carried out in accordance
with the applicable standard in the manner and methods
described in [13].

Testing the chemical stability by the Methyl violet
method at 134.5°C and 120°C and Heating at 100°C for all
the samples was performed.

STABIL vacuum stability test

A modernized STABIL 20 apparatus was used for these
measurements (manufactured by OZM Research, the error
is < 1%). Tests lasted for 2400 min. The temperature for the
isothermal measurements was 100°C for single base
propellants, and for double base propellants the temperature
was 90°C, according to STANAG 4556.

The special heating tubes, which are used for this
method, length 140 + 5 mm and diameter 18 mm, are with
the steel male part of a ground metal joint. This part is
welded to the transducer and includes a hole for gas
extraction. The samples in evacuated glass test tubes were
placed into the heating block for 40 hours and heated to the
desired temperature. Pressure transducers continuously
estimated the pressure increase in the glass tubes. The
results were in form of time dependence of the gas pressure
evolved per one gram sample.

The results were in form of time dependence of the gas
volume evolved from 1 g sample per second (i.e. V values
in cm’ g') and corrected to standard conditions, according
to equation (1) [14]:

V:(Vc+Vt_ﬁj><(p2><273_pl><273jx 1 )

273+t, 273+t ) 1.013
Where:
V. - the volume of transducer,
V, - the volume of glass test tubes,
M - mass of the samples,
P - density,
Pt - pressure, temperature at the beginning of
experiment,
Doty - pressure, temperature at the end of experiment.

Results and discussion

Results of testing the chemical stability of the samples
DBRP-1 and DBRP-2 by the Method of heating at 100°C,
Methyl violet method at 120°C are shown in Table 1.

Table 1. Results of testing the chemical stability of the samples of double
base rocket propellants

Methods SOlésri?jr Z:’/ 13| DBRP-1 | DBRP-2
Methlo goﬁ’éhfi‘;;“g at more than 4 9 more than 8
Methy ¥ (‘)?,lcet methodat| gt jeagt 45 70 70

Results of testing the chemical stability of the samples SBP-
1, SBP-2 and SBP-3 by the Method of heating at 100°C,
Methyl violet method at 134.5°C are shown in Table 2.

Table 2. Results of testing the chemical stability of the samples of single
base propellants

Methods SORS9373/13 | gpp.1 | sBP2 |SBP-3
Criteria
Method of heating at
100°C, day more than 6 | more than 10 9 10
Methyl violet method
at 134.5 °C, min at least 50 70 69 72

Based on the results of testing the chemical stability of the
classical methods shown in Tables 1 and 2 and according to
the shown criteria, the samples of double base rocket
propellants and single base propellants are chemically stable.

Results of testing the chemical stability of the samples
DBP-1 and DBP-2 by the Method of heating at 100°C,
Methyl violet method at 120°C are shown in Table 3.
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Table 3. Results of testing the chemical stability of the samples of double

Table 7. Results of testing the chemical stability of the sample SBP-1

base propellants No Drying time,| Density, Mass, Vv, Vv,
. H - 3 3 -1
Methods SORS.9373/13 DBP-1 DBP-2 min gcm g cm cm’ g
Criteria 1 0.997 0.898 0.901
Method of heating at 2 0.999 0.906 0.906
0 0.800

100°C, day at least 3 6 6 3 1.998 1.128 0.565
Methyl vuglet mf:thod at at least 45 55 51 4 2.001 1.083 0.542
120°C, min 5 0.999 0.845 0.845
. . . 6 1.002 0.791 0.790
According to the results given in Table 3, for the - 60 0.800 1993 1189 0597
samples of double base propellants and criteria for DBP, it 8 1.997 1.174 0.588
can be said that DBP-1 and DBP-2 are chemically stable. 9 1.004 0.911 0.907
The criteria for single base and double base propellants 10 0.975 0.744 0.764
; T : 11 240 0.800 1.997 1215 0.608

for the chemical stability by using the method of Vacuum : : :
stability test are given in Table 4 [14]. 12 1.995 1193 0.593
S e | o im [ om o

Table 4. Criteria of the chemical stability for single base and double base . : -

propellants

Temperature of iso- Time of experi- Criteria of chemical
Type | thermal measurement, Xp stability*,
N ment, minutes
C cm3 g-1
DBRP 90 2400 <12
SBP 100 2400 <2
DBP 90 2400 <12

Note:* corrected to standard conditions

Results of testing the chemical stability of DBRP-1 and

In Table 7 all the results for the sample SBP-1 are
satisfactory, according to the criteria (Table 4). It means
that no matter what was the drying time, 60 minutes, 240
minutes or 960 minutes, or even the sample is undried; the
volumes of the evolved gas from this sample are all regular.
Although, both weight that we chose, one or two grams of
the samples, showed analogy with the criteria.

Table 8. Results of testing the chemical stability of the sample SBP-2

DBRP-2 by vacuum stability at 90°C are shown in Tables 5 T, | e Dl Lk N Y,
min gem g cm cm’ g
and 6.
T e
Table 5. Results of testing the chemical stability of the sample of DBRP-2 . . d
3 60 1.500 0.992 1.949 1.964
No Drying time, | Density, Mass, vV, vV, 4 ’ 1.960 2917 1.488
5 . -3 3 3 =
1 min gom 1 507 1625 Cinz 3g6 5 0.994 1317 1.324
: - - 6 1.008 1.429 1.417
2 240 1.600 0.995 0.989 0.994 7 240 1.500 2.002 2.410 1204
3 1.002 1.199 1.196 o 5005 5239 o4
4 1.000 0.899 0.899 . . .
5 000 835 0017 9 960 1500 0.999 1.684 1.686
s " 600 5000 530 0910 10 1.957 2.399 1.226
7 2.003 1871 0.936 On the other hand, the results of experiments showed in
8 2.007 1.859 0.929

Table 6. Results of testing the chemical stability of the sample of DBRP-1

Table 8 for the sample SBP-2 are partly dissatisfactory in
regard to the criteria. Main problem for these samples are
probably the age of the samples. Also, SBP-2 absorbs too
much moisture and evaporated residual solvent and,
because of it, values of the evolved gas from sample are too
big. Regardless of the drying time, the results obtained from
the samples of 1 g do not satisfy the criteria. On the other
hand, the ones obtained for the samples of 2 g and the
drying time of 240 minutes satisfy the criteria, i. e., they are
on the upper limit of the criteria.

Table 9. Results of testing the chemical stability of the sample SBP-3

N D.rymg Density, Mass, Vv, Vv,
0. time, — it e m

T g g g
1 1.003 0.687 0.685
2 240 1.680 1.001 0.789 0.788
3 0.992 0.559 0.563
4 1.000 1.012 1.012
5 1.999 0.914 0.457
6 2.002 0.939 0.469
7 240 1.680 1.999 0.950 0.475
8 2.001 0.917 0.458

In Tables 5 and 6, with the mass of approximately 1 g,
the samples showed huge disaccord to each other. Results
from the samples of DBRP-2 of mass of 1 g are above the
Table 4 criteria. On the other hand, the results for the
samples of DBRP-1 with the same weight are in the criteria
level.

Regarding the samples of 2 g, it can be seen that the
evolved gas volumes are more similar to each other and still
in the range.

Results of testing the chemical stability of SBP-1, SBP-2
and SBP-3 by vacuum stability at 100°C are shown in
Tables 7-9.

N Drying time,| Density, Mass, vV, vV,
0. 2 3 3 31
min gcm g cm cm’ g

1 0.993 2.270 2.287
2 0 1500 1.999 2.808 1.405
3 0.995 1.699 1.707
4 1.003 2.281 2.274
5 60 1.500 1.993 2.993 1.502
6 2.000 2.512 1.256
7 1.002 1.693 1.689
8 0.994 1.749 1.763
9 240 1500 1.999 2.413 1.207
10 2.002 2.398 1.197
11 0.998 1.568 1.571
12 960 1500 2.003 2.476 1.236

Results in Table 9 for SBP-3, several values are higher
than the corresponding criteria.
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An increase of the evolved gas volume is obtained for 1 g
dried during 60 minutes and for the non-treated samples,
undried. It may be said that this sample has a similar problem
as SBP-2.

The samples of two grams showed better correspondence
with the criteria if we analyzed single base propellants from
the point of view of stability.

Results of testing the chemical stability of DBP-2 and
DBP-1 by vacuum stability at 90°C are shown in Tables 10
and 11.

Table 10. Results of testing the chemical stability of the sample DBP-2

N Drying time, | Density, | Mass, V, V,
0. . - 3 3 =l
min gcm g cm cm’ g
1 0.991 0.605 0.605
2 0 0.700 |_1.007 1.201 0.600
3 2.002 1.227 0.613
4 2.010 1.920 0.960
5 1.003 0.641 0.641
6 240 0.700 0.999 0.590 0.590
7 2.001 1.230 0.615
8 2.000 1.263 0.632

Table 11. Results of testing the chemical stability of the sample DBP-1

No Drying time, | Density, Mass, Vv, Vv,

) min gom g cm’ cm’ g
1 1.001 0.606 0.606
2 1.003 0.631 0.631
3 0 0.670 2.004 1.021 0.510
4 1.999 0.863 0.432
5 1.000 0.628 0.628
6 " 1.007 0.598 0.589
7 0 0.670 2.000 1.101 0.550
8 2.002 1.208 0.604
9 1.011 0.525 0.525
10 1.003 0.536 0.536
11 60 0.670 1.997 0.969 0.485
12 2.001 1.075 0.537
13 1.003 0.491 0.491
14 1.010 0.568 0.568
15 240 0.670 2.001 1.020 0.510
16 2.000 1.039 0.520

Note:* Samples were left in vacuum desiccators for 24 hours.

On the other hand, double base propellants showed much
better analogy with the criteria in regard to the samples of
single base propellants.

In Table 10, we can see that values of the evolved gas
volume from 1 g sample per second are very low. In this table
we have several samples that were treated without drying.
They were put in vacuum desiccators and left for one day. The
result of that way of treatment shows not so good matching
but, according to the criteria, they are acceptable. Samples of
DBP-1, with the mass of two grams and the 240 minutes of
dry time show the best mutual agreement.

Observing Table 11, in the row where two grams of
samples were treated for 240 minutes, the same trend can
be seen as it is in the table above, for the same conditional.
The values of the evolved gas lie in a narrow range.

Conclusion

In the study of selecting the suitable methods for the
chemical stability of the single base and double base
propellants, a modification of the American vacuum
isothermal stability test was used, the Czech system
STABIL 20.

The analysis showed that in the observation of each
sample individually there is a deviation, which mostly

depends on the age of powder, chemical composition,
geometry of the propellant grain and technological process.
If we look at this method from the standpoint of the
chemical stability for the samples of single base
propellants, SBP-1, SBP-2, SBP-3, this method indicates
that these samples are on the boundary of chemically stable.
For the samples of double base rocket propellants DBRP-2
and DBRP-1, the same conclusion, as it is above, can be
seen. As opposed to the single base and double base rocket
propellants, the samples of double base propellants, DBP-1
and DBP-2, showed an excellent matching with the criteria
indicating their chemical stability.

If we look at all the tabular results of this study, we can
find out that the mass of two grams is a better solution than
the mass of one gram. The reason for this conclusion is that
the samples are not homogeneous. Bigger mass of the
sample used gives more relevant result. Also, we found out
that the drying time of 240 minutes in the temperature from
55°C to the 60°C is optimal for all the samples (single and
double base propellants). The explanation is simple, if we
dry samples less than 240 minutes, the samples cannot
relieve absorbed moisture and the evaporation of the
residual solvent is incomplete. On the other hand, if we let
samples more than 240 minutes, the chemical reaction-
thermal decomposition of nitro esters will start.

This investigation allowed using this method in an
appropriate way and, what is more important, to write a
document of the national impartment for our country -
Defense Standard of the Republic of Serbia [16].
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Ispitivanje hemijske stabilnosti baruta i raketnih goriva metodom
test vakum stabilnosti

U ovom radu su prikazani rezultati ispitivanja jednobaznih i dvobaznih baruta i dvobaznih raketnih goriva koji su
ispitivani ¢eSkim uredajem test vakuum stabilnosti. Za KoriS¢enje ove metode neophodno je bilo jasno definisati uslove
ispitivanja, odnosno: uslove pripreme uzoraka, odvage i same uslove eksperimenta. Hemijska stabilnost ispitivanih
uzoraka odredena je standardom, STANAG 4556.

Kljucne reci: barut, jednobazni barut, dvobazni barut, dvobazno raketno gorivo, hemijska stabilnost, metoda ispitivanja,
rezultati ispitivanja.

TecTupoBaHUe XUMHYECKON CTOMKOCTH IMIOPOXOB M PAKETHBIX
TOIIMB METOAOM MCHIBITAHUNA BAKYYMHOM CTa0MJIBbHOCTH

B naHHOIi cTaThe mpeacTaBieHbl Pe3yJbTaTbl UCHBITAHUI NMOPOXOB OJHOI 6a3bl M NOPOXOB /IBOIiHOI 6a3bl, a B TOM
4ypcde W PaKeTHBIX TOILUIMB ABOIfHOW 0a3bl, KOTOpble ObLIM HCHBITHIBAHBI YEHICKHM TecT-000pyI0BaHWEM  AJIst
HCNBITBIBAHUS BAKYyMHOIl cTa0uW/IbHOCTH. UTOOBI HMCIOJB30BATH 3TOT MeTOl, He00X0AUMO ObLIO YETKO ONpeNeJHTh
YC/I0BHSI HCIIBITAHMSI, 3 HMEHHO: YCJIOBHUS NOATOTOBKH 00pa3loB, B3BeIIMBaHUeE U Te jKe IKCIIepHMEHTAIbHbIe YCI0BH.
XHMHYECKYIO CTOHKOCTh HCIIBITHIBAEMbIX 00Pa3L0B onpeeisiyii ¢ noMoubio cranaaptHoro STANAG 4556.

Kntouegvle cnoea: nopox, nopox oaHOH 06a3bl, NOPOX BOITHOI 0a3bl, paKeTHOe TONJIMBO /BOIHON 0a3bl, XUMHYECKas
CTOIKOCTB, METObI HCIILITAHUI, Pe3yJIbTATHI HCIBITAHUIA.

Détermination de la stabilité chimique de poudre et des propergols
par la méthode vacuum test stabilité

Dans ce papier on a présenté les résultats des recherches sur les poudres monobasiques et bibasiques ainsi que sur les
propergols bibasiques examinés par le dispositif tchéque de vacuum test stabilité. Pour utiliser cette méthode il était
nécessaire de définir précisément les conditions des recherches c’est-a-dire les conditions de préparations des
échantillons, la sélection de la masse optimale des échantillons ainsi que les conditions des recherches mémes. La stabilité
chimique des échantillons testés a été déterminée selon la norme STANAG 4556.

Mots clés: poudre, poudre monobasique, poudre bibasique, propergol bibasique, stabilit¢é chimique, méthode des
recherches, résultats des recherches.





