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Abstract: Regarding the chromatographic analysis of the stabilizers in the 
double based propellants, nitrocellulose causes an interference problem with 
diphenylamine and its derivatives. In this study, specific extraction of the stabilizer 
was planned before the chromatographic analysis and the stabilizer was extracted 
into CHCl3 by means of a soxhylet extraction in order to eliminate this problem. 
Then, most of the CHCl3 was evaporated under hydrothermal conditions and the 
residue was analyzed with HPLC after being dissolved in MeCN. By means of an 
isocratic work, the stabilizer 2-nitro diphenylamine (2NDPA) was clearly detected 
with 85% MeCN and 15% H2O carrier phase in C18 column. The effect of the 
matrix that could be found in the ambient was examined and the recovery was 
found between 95.06 ±3.09 – 99.88 ±3.34%. No matrix effect was determined 
in the ambient. 
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Introduction

As it is known, the propellants used as propelling charges in conventional 
weapons are produced in three types as mono, double and triple based [1-3]. The 
common ingredients in double and triple based propellants are trinitrocellulose 
and trinitroglycerine. As trinitrocellulose and trinitroglycerine mixtures can easily 
disintegrate with light and heat, a stabilizer of 1.8-2.0% by weight is added to 
the mixture during production. These stabilizers are generally diphenylamine 
derivatives and mostly 2-nitro diphenylamine [2-5]. The stabilizer amount is 
an important parameter regarding the transportation and storage of propellants. 
Propellants containing less than 1.8% stabilizer bear risk in transportation. The 
diphenylamine content in the propellants can be determined with bromometry 
which is a classical volumetric method. However, nitro diphenylamine derivatives 
cannot be determined with this method as the electron attractive effect of the nitro 
group deactivates the diphenylamine molecule and bromine electrophiles do not 
undergo addition reaction with the aromatic rings. Therefore, the most appropriate 
method to determine the stabilizers, particularly the nitro diphenylamines in 
propellants is by HPLC [4, 6]. There are formerly published studies on this issue 
conducted in military laboratories [7, 10]. In these studies, the stabilizer in the 
propellants was extracted within 20% CH2Cl2 and 80% cyclohexane and was 
delivered to the HPLC column. The analyses were done with 60-40%; MeCN-
H2O carrier phase [7] or the propellant was processed with MeOH-MeCN-THF 
and the extract was analyzed with the same carrier phase. Another method is 
that the propellant was dissolved in acetone and the nitro cellulose content was 
precipitated by adding about 25% water by volume. After this precipitate was 
filtered, the residue was analyzed with 60-40%; MeCN-H2O carrier phase in C18 
column [8]. There is no data in the literature about the validation of these methods.  

More recently, there are several articles in the literature related to the 
analysis of the stabilizers in the propellants. In these studies, the analysis of 
stabilizers within mono based propellants by HPLC [6], monitoring stabilizers 
within nitrocellulose by means of UV-Vis spectroscopy [11] and the analysis 
of stabilizers in the propellants by means of LCMS/MS [12], GC-MS [13] and 
polarographic methods [14] have been reported. 

This study was designed with the idea where only non-polymeric organic 
nitro components are extracted without extracting the nitrocellulose in the 
propellant and where the obtained extract is analyzed with HPLC.

In the widely used method, the propellant dissolves in CH3COCH3 where 
inorganic components and high molecular weight nitro celluloses remain 
undissolved and are separated through filtering where some nitrocellulose remains 
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in the acetone solution. The remaining nitrocellulose content is precipitated with 
H2O addition and the solution is transferred to the column after being filtered. 
However, according to our thoughts, nitro celluloses can absorb some amount 
of stabilizer during precipitation or some stabilizer can precipitate by itself. 
With this in mind, propellant samples were extracted for a long time with CHCl3 

which is thought to dissolve only nitro components with small molecules and 
not nitrocellulose. The solvent was largely evaporated from the extract and the 
residue was dissolved in MeCN and was analyzed in C18 column with 60-40%; 
MeCN-H2O carrier phase. The results were observed as much more simple and 
explainable in comparison to previous studies.  

A former study in the literature gave this idea [15]. This study is about to 
treat propellant with CH2Cl2 and taking the small organic compounds into CH2Cl2 

phase. And then 2-nitro diphenylamine is defined with a normal HPLC phase 
study. This study is designed as a reverse phase study. 

Experimental

General: In the study, a 4.6x150 mm ODS-3 column inside a Shimadzu 
CTD column furnace and a Shimadzu LC-20AT pump system were used and 
the analytes were detected by a Shimadzu SPD-20A UV-Vis detector. 2NDPA 
(Merck) was used, recrystallized two times in MeOH and was used as standard. 
In order to determine optimum operating conditions and resolution, different 
compositions of MeCN, MeOH and H2O mixture were employed as the carrier 
phase. It was observed that MeOH had no effect on separation as the highest 
absorbent and retention time was found in the MeCN-H2O; 85-15% composition. 

Procedure

1 g samples of 5 different propellants were weighed. The samples were 
dissolved in approximately 50 mL THF and 50 mL acetone constantly stirred 
for a few hours. To each mixture prepared from different gun powders, H2O was 
added up to 9.1%, 16.67%, 23.50%, 28.57%, 33.33% (V/V) ratios in order to 
precipitate nitro celluloses. The achieved mixtures were filtered through black 
band filter papers and the filter papers were washed with 10-15 mL solvent and 
the solvent was evaporated almost to dryness in beakers. The final residue was 
dissolved in 15-20 mL MeCN. The solution was transferred to a volumetric 
flask and was diluted with MeCN up to the final volume of 100 mL. In parallel, 
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1.00 gram samples of the same gun powders were weighed. Soxhlet cartridges 
of them were prepared with black band filter paper. They were cycled 10 times 
in about 2 hours within a soxhlet system with 50-60 mL CHCl3. In the last two 
cycles the solutions were almost colourless. CHCl3 was evaporated in a beaker 
and the residue was dissolved in 15-20 mL MeCN. The solution was transferred 
into a volumetric flask and was diluted with MeCN up to the final volume of 
100 mL. Each application was repeated three times at least. 

By drawing simple calibration graphs, 2NDPA amounts in the three group 
of solutions were determined. In order to interpret the accuracy of the analysis 
being carried out, standard addition was performed afterwards. In Figure 1, the 
chromatogram of  15 mg/L standard 2NDPA in the optimum mobile phase with 
0.5 mL/min flow rate; in Figure 2, the chromatogram of the solution dissolved in 
THF which was prepared by adding 33.33% H2O; in Figure 3, the chromatogram 
of the solution achieved as a result of the soxhlet extraction with  CHCl3 are 
shown. The calibration curve obtained from the readings of the standards is 
given in Figure 4. 
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Figure 1. The chromatogram of 15 mg/L standard 2NDPA in the optimum 
mobile phase with 0.5 mL/min flow rate.
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Figure 2. The chromatogram of the solution dissolved in THF which was 
prepared by adding 33.33% H2O.
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Figure 3. The chromatogram of the solution achieved as a result of the soxhlet 
extraction with CHCl3.
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Figure 4. The calibration curve obtained from the readings of the standards.

Results and Discussion

The analysis of the results obtained from five different double-based 
propellant samples are given in Table 1, 2 and 3, respectively. In Table 1, the 



188 A. Yücel, E.K. İnal, M.A. Akay, O. Atakol, S. Öz

solutions obtained from the propellant dissolved in acetone and the results 
obtained by making standard additions to these solutions can be seen. 9.1%, 
16.67%, 23.50%, 28.57% and 33.33% (V/V) H2O was added to the acetone 
solutions and nitro celluloses were precipitated. The filtered solution was 
evaporated almost to dryness and the residue was dissolved in MeCN to a final 
volume of 100 mL. The solutions which contain 9.1%, 16.67% and 23.50% 
water, it was observed that the nitro celluloses had not completely precipitated 
where this case was not observed in solutions containing 28.57%, 33.33% of 
water. For this reason, 9.1%, 16.67% and 23.50% water added solutions were 
not injected as they bear a risk of plugging the column. After the 2NDPA amount 
in 100 mL MeCN solutions was calculated from the calibration curve, additions 
were made from the stock standard solution to these solutions and the recovery 
was found between 96.18 ±2.25 - 100.75 ±1.42%.

A similar procedure was also applied to the propellant samples dissolved in 
THF. In Table 2, the results, where propellants dissolved in THF and standards 
were added to these solutions are shown.

On the other hand, the soxhlet extracts obtained with CHCl3 were directly 
evaporated and the residues were dissolved in 100 mL MeCN. The 2NDPA 
amount in these solutions was determined from the calibration curve and then 
standard addition was applied to these solutions and the recovery was found 
between 97.24 ±3.34 - 101.24 ±4.08%. The results are shown in Table 3.

The propellants which are used in this study are made of fabric and 
the manufacturer declared that between 1.8-2% 2NDPA were added during 
production process. The values that are recorded was obtained by dissolving 
with acetone and THF then sedimenting with adding water, differs between 
1.02-1.36% which also can be seen in Table 1 and Table 2. The standard addition 
to these solutions were made to test accuracy of the HPLC results and to define the 
matrix effect which could be possibly found in the ambient. Finding the average 
recovery 98.51%, proves the accuracy of the HPLC analysis and nonexistence of 
the matrix. But the values are found in the analysis between 1.02-1.36% which 
means, they are above the half of the expected values or little more. On the other 
hand, the analysis which is performed with CHCl3 extraction has more expected 
results like between 1.80-1.99%. Finding 96.88% recovery when the standard 
added to the solutions which obtained CHCl3 extraction is to prove that there is 
no problem with this analysis.

Consequently, in the analysis of small molecular weight organic substance in 
double or triple based propellants, the nitrocellulose polymers should not extract 
as much as can be. And treating with the polar aprotic solutions like CH2Cl2 or 
CHCl3 seems to be more safe.
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