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DEVELOPMENT OF REVERSE PHASE HPLC TECHNIQUES
FOR DETERMINATION OF STABILIZER DEPLETION RATES
IN HIGH ENERGY GAS GENERATOR PROPELLANTS.

D.D. Ryder and G.D. Knowlton
Chemical and Propulsion Sciences Dept., Talley
Industries of Arizona, P.0. Box 849, Mesa, Arizona

ABSTRACT

Reverse phase high performance liquid
chromatographic methods have been developed for
determining the stabilizer content in a nitrate ester
plasticized gas generator propellant. The accuracy and
precision of these methods are demonstrated by the
results of stabilizer depletion rate determinations
obtained over a three month accelerated aging period.
The stabilizers investigated included diphenylamine
(DPA), 2-nitrodiphenylamine (2-NDPA) , 4-nitrodi-
phenylamine (4-NDPA), resorcinol and ethyl centralite
(EC). Details of the analytical technique and methods

development will be discussed.
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INTRODUCTION

One of the critical factors in the aging of
propellants containing nitro and nitrato compounds is
the slow, spontaneous degradation of these compounds to
give NO and NO, 1-3 Accumulation of these oxides of
nitrogen in a propellant can ultimately lead to a
number of undesirable effects, specifically: (1)
self-heating and autoignition of the propellant, (2)
excessive internal gas generation with subsequent grain
cracking and fissuring, and (3) degradation with
deterioration of ©propellant mechanical properties
1'4_7. The occurrence of the above effects can be de-
layed by the addition of selected aromatic amines,
substituted ureas, and phenols that scavenge the
nitrogen oxides 1,5,7-9,

To evaluate the effectiveness of various stabi-
lizers in a specific propellant, it is desirable to
determine the rate of depletion of these stabilizers in
the propellant stored under accelerated (elevated
temperature) aging conditions 1,4,7,8
Stabilizer depletion rates have been studied in a
number of ways utilizing existing chromatographic

techniques--e.g. liquid, gas, thin layer 10-14,
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The depletion rates and behavior of selected
stabilizers in a nitrate ester plasticized gas gen-
erator propellant were investigated. The study re-
quired the development of several reverse phase high
performance liquid chromatographic (RPHPLC) methods for
the separation and quantitative determination of the
stabilizers in the new propellant. The following
discusses methods development work, interpretation of
analytical results, and determination of stabilizer
depletion rates.

EXPERIMENTAL
Stabilizers
The following stabilizers were selected for

evaluation in the propellant aging program:

Diphenylamine (DPA) @-?ﬁ@

NO,
2~-nitrodiphenylamine (2-NDPA) @}-Z-@

H
4-nitrodiphenylamine (4-NDPA) @-fﬂ-@woz
1,3~benzenediol (Resorcinol) §::>-OH

HO

N,N'~diethyl,N,N'-diphenylurea (Ethyl centralite)
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One pint propellant mixes containing 0.6% by
weight of each stabilizer were prepared in a vertical
planetary Baker-Perkins mixer. One hundred gram cubes
of each cured mix were placed in a 160°F oven for
accelerated aging. At certain aging time intervals,
samples of each cube were removed and the stabilizer
concentrations determined. The rest of the mix was
stored at ambient conditions for evaluation of initial
stabilizer concentrations.

Sample Preparation

The solubility of the stabilizers was evaluated in
several solvents to determine the best solvent for
extraction of the stabilizers from the propellant. The
solvents tested included: tetrahydrofuran (THF) ,
acetonitrile, methanol, dichloromethane, chloroform,
acetone, methyl ethyl ketone, trichloroethylene, hexane
and water. THF was found to be the most suitable
solvent.

Unaged propellant samples containing each
stabilizer were extracted with THF. One gram samples
from each cube were prepared as slices and transferred
into 50 ml beakers. The samples were initially
extracted in 25 ml of TEBF for 12 hours. After

decanting the extract, three to four additional
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extractions were performed by adding 20-25 ml portions
of fresh solvent to the beakers. EBach of the extracts
were combined in a 100 ml volumetric flask and diluted
to volume with THF.

Chemical Reagents/Standards

The purity of the stabilizers, as certified by the
vendor, ranged from 98-99.9% pure. All solvents used
were Burdick and Jackson high purity solvents (99.9%
pure). Standard solutions of each stabilizer were
prepared in THF at concentrations of 0.02, 0.04, and
0.06 mg/ml.

Equi / .

All analyses were performed on a Waters Liquid
Chromatograph equipped with a Model 6000A pump, UEK-6
injector system and a Model 440 absorbance detector set
at a wave length of 254 nm. The column was a Regis
Hi-Chrom (reversible) packed with five micron
Spherisorb coated with octadecyl silane II(C-18). Data
from all analyses were recorded on a Perkin-Elmer Sigma
15 processor/plotter interfaced with the Waters

Chromatograph.
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p llant Phvsical T .
Physical characteristics of each propellant mix
were determined weekly. Propellant hardness was
measured using a Shore type A-2 hardness tester.
Propellant mass loss was determined on a Sartorius top
loading balance accurate to + 0.01 grams.
RESULTS AND DISCUSSION

The determination of stabilizer depletion rates in
the nitratoplasticized propellant studied required the
development of a liquid chromatographic method capable
of separating and quantitatively measuring the
stabilizers of interest.

The initial analytical methods development
involved the selection of a solvent for extraction of
the stabilizers from unaged propellant samples. All
five stabilizers studied were found to be soluble in
THF, acetonitrile, methylene chloride, chloroform,
acetone, and methyl ethyl ketone. THF was selected as
the extraction solvent because it had several desirable
characteristics including: polarity, miscibility with
water, and minimal U.V. absorbance at 254 nm. Standard
solutions of each of the five stabilizers were prerared
in TBF for development of the reverse phase high

performance liquid chromatographic (RPHPLC) method.
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A five micron C-18 column was selected for the
separation of the stabilizers, nitratoplasticizers and
other propellant ingredients. Initially, the
separation of the stabilizers and nitratoplasticizers
was determined over a range of concentrations in three
binary solvent systems--acetonitrile/ water, THF/water
and methanol/water. The methanol/water and aceto-
nitrile/ water systems provided the best separation of
the components of interest. The methanol/water system
was selected for refinement of the RPHPLC method. A
concentration of 75% methanol and 25% water provided
optimum separation of the stabilizers and nitrato-
plasticizers (See Fig. 1).

The expected elution of 4-NDPA, 2-NDPA and DPA in
the order of decreasing polarity was not observed in
the three binary solvent systems investigated. Although
reversal of the expected elution order of DPA and
2-NDPA has been reported in work performed by J.G.
carver 10 and B.R. Richardson 11, no explanation for
the reversal was provided. It is proposed that the
obgerved elution order of the stabilizers is due to
varying degrees of hydrogen bonding with the mobile
phase. It is possible that intramolecular hydrogen

bonding in 2-NDPA (amine hydrogen to nitro oxygen)
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reduces the sites available for intermolecular hydrogen
bonding with the mobile phase. Thus 2-NDPA would have a
lower affinity for the mobile phase than either the DPA
or 4-NDPA, and therefore elute last. This would also
explain the 1lower solubility observed for 2-NDPA in
methanol.

With the successful development of a method for
separating and quantitating the five stabilizers and
nitratoplasticizers, it was necessary to obtain maximum
extraction efficiency of each stabilizer from the
propellant. Standard solutions of each stabilizer and
the propellant extracts containing each stabilizer were
analyzed using the RPHPLC method developed. It was
found that optimum extraction efficiency of DPA,
2-NDPA, 4-NDPA and ethyl centralite was achieved with
THF using 4 successive extractions over a 15 hour
period. The extraction efficiency <c¢could not be
determined for resorcinol due to a coeluting species
that was strongly absorbing U.V. radiation at 254 nm.

The observed interference of a coeluting species
during resorcinol determination required the
development of an alternate method of analysis. A
ternary solvent system consisting of 50% Hy0, 25%

CHyCN, 25% THF, provided the desired separation of
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resorcinol from the coeluting species (See Fig. 2).
With the interference problem resolved, it was found
that resorcinol could be isolated from the propellant
slices with the previously developed extraction
techniques. It was later discovered that nitroguanidine
was the interfering species.

The data generated in the method development was
subjected to an error analysis to determine the maximum
error and precision of the RPHPLC techniques. The
results of an error analysis performed on 4-NDPA
standards and extracts of unaged propellant samples are
shown in Table 1. The maximum error was determined by
adding the percent variation in the response factor to
the error, at the 99% confidence limit, for each data
set (minimum 3 determinations). This resulted in a
maximum error of + 3.0% for 2-NDPA and resorcinol. The
maximum error for 4-NDPA and DPA samples was less than
2.5%. This applies to all unaged and aged propellant

samples analyzed.
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TABLE 1.

Error Analysis for Reverse Phase HPLC Determination of
4-NDPA in Propellant

. e T G e B e T S T~ B - S G - - o B - 4 e T T - i - - - - T - ———

Mass of Number of Area Standard Concentration
propellant injections counts deviation (Wt %)
sample (g)

- e = - T — s - " s G (s B T G o € e . G e S W

1.0396 6 1.9070 0.018 0.598
1.016 6 1.8594 0.026 0.597
1.1109 6 2.0632 0.015 0.606
1.3047 6 2.4118 0.021 0.603

" ——— - 0 — ——— " — ————— " " — T —— " T — = " o = A ——

Average 4-NDPA concentration (Wt %) = 0.601
Percent variation of the four samples = 1.5

Actual propellant stabilizer concentration(Wt %) = 0.60

Average response factor for three
4-NDPA Standards ( ug/area count) = 0.3262 + 0.0026

B - — " s (s B " . > e o e " . G ot G P e T o et S e Bhe e e e e T e s e T - - e - ——

The newly developed analytical techniques were
utilized to determine the depletion rates of selected
stabilizers in the propellant undergoing accelerated
aging at 160°, The initial concentration of each
stabilizer in unaged propellant samples was established
during the analytical methods development. The
stabilizer content in aged (160°F) propellant samples
was then determined at intervals over a three month
period. Ethyl centralite stabilized propellant was
eliminated from the study because of rapid propellant
deterioration. The depletion rates of the remaining

four stabilizer/propellant systems were represented by
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the slopes of the stabilizer concentration plots (see
Fig. 3). The rates varied from -0.00277 Wt %/day for
2-NDPA to -0.00158 Wt %/day for resorcinol. The high
degree of precision and accuracy obtained when using
the newly developed RPHPLC methods are substantiated by
the calculated correlation coefficients for the plotted
stabilizer depletions which ranged from 0.940 to 0.996.

The results of this study showed that the
resorcinol stabilizer was depleting at the slowest rate
in the propellant system. The resorcinol stabilized
propellant also exhibited the lowest mass loss and the
best retention of original mechanical properties
(determined by Shore A hardness testing) when compared
to the other stabilizer/propellant systems (see Table
2). These latter results lend support to the outcome

of the RPHPLC analyses.

TABLE 2.

Chagges in Propellant Physical Properties with Aging at
160°F

——— s - ———— o ——— g A = S - — o T ———— -~ —

Propellant Total Aging Average mass AShore A
stabilizer time (days) loss (g) per day hardness
rer day
DPA 106 2.2 x 1073 -0.05
2~NDPA 100 2.8 x 1073 -0.12
4-NDPA 101 3.8 x 1073 -0.14
Resorcinol 106 2.2 x 1073 ~-0.02

- - e v e G Bt - — A = - S A - A e A -
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CONCLUSIONS

Good precision and accuracy was obtained with the
RPHPLC methods developed for determining the depletion
rates of DPA, 2-NDPA, 4-NDPA and resorcinol stabilizers
in a nitrate ester plasticized propellant. Reversal in
the expected elution order of certain stabilizers (DPA
and 2-NDPA) was observed and attributed to hydrogen
bonding of the stabilizers with the mobile phase.

Stabilizer depletion rates were determined for
DPA, 2-NDPA, 4-NDPA  and resorcinol stabilized
propellant which had undergone accelerated aging at
160°F for three months. The results indicated that
resorcinol provided the best stabilization of the
propellant. This was supported by Shore A hardness and
mass loss data collected over the three month study.
Further studies involving resorcinol and dual
stabilizer systems are in progress.
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Phase HPLC Separation of Stabilizers and

Nitratoplasticizers
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DETECTOR RESPONSE, ABSORBANCE AT 254nm
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FIGURE 2.
HPLC Separation of Resorcinol
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FIGURE 3.

Stabilizer Depletion from Propellant Samples Aged at
160°F
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