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MILSPEC hydrazine is a commonly used aerospace propellant. This grade of hydrazine has a minimum
of 98.5 percent (by weight) hydrazine, the remainder impurities are mostly water. It is difficult to
perform laboratory experiments with this propellant because of its toxic characteristics; therefore, it is in
the interest of safety to develop chemical engineering methods to characterize this fuel. Previous work
has developed methods for modeling this fuel, but is limited because the contribution of water has not
been considered. Thermodynamic characterization of hydrazine is needed for use with design
calculations for aerospace applications.

Development of a satisfactory equation of state to describe the phase transition between the liquid and
vapor phases was investigated. A vapor pressure correlation was needed for the evaluation of an
equation of state for hydrazine. Published correlations from Barragan' and a Giordano” were compared
by testing each for thermodynamic consistency. The Barragan correlation was better able to predict the
boiling point of hydrazine and its critical temperature and pressure. The Barragan correlation was used
with published Peng-Robinson’, Giordano® and Martin®* equations of state. The equations of state were
tested for thermodynamic consistency through comparison of liquid and vapor fugacity coefficients as
well as mechanical stability. The Peng-Robinson equation of state predicted the most
thermodynamically consistent results.

In order to investigate the vapor-liquid equilibrium of MILSPEC hydrazine the equation of state was
used to perform flash calculations of a mixture of hydrazine and water. Different forms of the Peng-
Robinson equations of state were evaluated using different activity coefficient models and mixing rules.
Van Laar and UNIFAC activity coefficients were used along with the Wong-Sandler mixing rules.’
Flash calculation results were compared with experimental data to determine the predictive ability of
each model. The most accurate model was the PRSV-WS-UNIFAC model.° It performed well over the
full temperature range where a phase diagram was available from the literature.”

The Gordon-McBride Chemical Equilibrium and Applications (GM-CEA) was used to evaluate the
chemical equilibrium compositions of pure and MILSPEC combinations of hydrazine. Results from the
GM-CEA program showed that the small water impurity present in MILSPEC hydrazine did not affect
the equilibrium compositions of hydrazine products.
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