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Abstract
The U.S. Army has a need for novel processes to

demilitarize stockpiles of expired propellant materials using
more effective and efficient methods. A current method
involves the open burning of propellant and the release of
regulated gaseous compounds into the environment. As an
alternative, a series of chemical treatments was investigated
to convert propellants into useful energy solutions and
simultaneously reduce the environmental effects of the
demilitarization. The first treatment was a hydrolysis
reaction resulting in an aqueous solution of desired species
capable of supporting subsequent processing. A design of
experiments (DOE) was implemented in JMP in order to
determine the most cost effective, high yielding, and
efficient hydrolysis conditions. A three factor central
composite design space used the concentration of two
reactants and temperature variables with a minimized
number of experiments in order to estimate first order
effects, second order effects, and second order interactions
with sufficient statistical power. A model was generated
using least squares analysis and trade-off analyses to resolve
the ideal reaction conditions. DOE criteria and selection,
experimental execution, optimization, augmentation, and
overarching analyses are presented.

Conclusions
An augmented central composite design was used to

determine optimal hydrolysis conditions for treatment of
expired propellant. The resulting model has a strong
correlation to the experimental data in predicting yield.
Further scale-up of this process and subsequent treatments
will simultaneously benefit the Army and the environment.
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Results
Analysis of the hydrolysate solutions produced by the

initial 18 experimental runs and 10 augmentation runs
provided a strong model capable of predicting the reaction
yield. The first order effects as well as valid interaction and
squared terms were used to build the model. The raw data
acquired for yield was logit transformed to bind the model
between zero and one, thus generating a relative percent
yield prediction. A trade-off analysis then discovered that
alteration of the NaOH concentration could create two
robust regions within the design space. At low NaOH
concentrations, the propellant concentration does not affect
the yield while at high NaOH concentrations, the reaction
time does not affect the yield. Ultimately, a reaction
temperature of 60 oC, 41.3 g/v% NaOH, and 12 g/v%
propellant were selected as the optimal reaction conditions.
Three verification runs were performed to confirm that the
fit-model predicts the hydrolysis yield based on the inputs.
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Design and Execution
Prior research indicated that the concentration and

temperature factors would most strongly effect the
hydrolysate yield. In order to explore a wide design space,
operational and solubility limits were the only constraints
applied to the initial central composite design.

Experiments were conducted by creating a caustic
solution and establishing an equilibrium temperature as
dictated by the design. Propellant ingredients were added at
temperature, the two-phase reaction was run for extended
time, and then cooled and analyzed for target constituents.
The reaction time was not considered a factor in the initial
design, but was recorded and documented for analysis
along with the other model parameters.

Based on the initial results, additional experimental runs
were selected by creating a smaller, full factorial DOE
around the concentration extremes. These augmentation
runs were chosen to enhance the existing model, specifically
to tighten the error bars near those design space extremes.

MODEL RESIDUALS AND STATISTICS 

Term Estimate Std Error t Ratio Prob>|t|

Intercept -12.08353 1.83093 -6.60 <.0001*

Temperature C 0.11434 0.00712 16.06 <.0001*

Time 0.31099 0.08670 3.59 0.0023*

NaOH Conc (g/v %) 0.04736 0.00951 4.98 0.0001*

Propellant Conc (g/v %) -0.02376 0.01386 -1.71 0.1045

(Time-19.6665)*(NaOH Conc (g/v %)-28.6341) -0.02463 0.00764 -3.22 0.0050*

(NaOH Conc (g/v %)-28.6341)*(Propellant Conc (g/v %)-21.8541) -0.00379 0.00145 -2.61 0.0181*

(Temperature C-52.3731)*(Temperature C-52.3731) -0.00188 0.00029 -6.50 <.0001*

(NaOH Conc (g/v %)-28.6341)*(NaOH Conc (g/v %)-28.6341) -0.00222 0.00052 -4.26 0.0005*

Source DF Sum of Squares Mean Square F Ratio Prob > F

Model 8 113.83353 14.2292 58.7013 <0.0001

Block 2 2.68790 1.3440 5.5446 0.0133

Error 18 4.36357 0.2424

Total Cumulative 28 120.88500

Verification runs were preformed in a
different month than previous
experimental and augmentation runs.
Analysis incorporated season as a
“blocking variable” and found a
statistically significant difference
between blocking groups.

Results (cont.)
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