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Abstract: Enthalpies of formation of a number of hypothetical tris(pyrrolo)- and tris(diazolo)benzenes and 1,3,5-
azines in the condensed phase have been estimated on the basis of calculated values of enthalpies of formation of
these compounds in the gas phase. Their efficiency as components (main energetic component or binder plasticizer)
of model solid composite propellants or as energetic component for increasing ballistic efficiency of nonmetallized
solid propellants for gas-generator engines has been analyzed. It has been established that polynitro-derivatives
of the proposed pyrrole-, pyrazole-, and imidazole-containing tetracycles can be used as plasticizers of the active
binder in the compositions of model solid composite propellants including those based on aluminum hydride,
metallic aluminum, and those without metal providing higher ballistic efficiency on all three stages of rocket systems
in comparison with similar propellants using the most promising modern plasticizers, for example, dinitrofurazan,
nitroglycerin, or tetranitromethane. It is shown by calculations that the studied tetracycles which do not contain
nitro groups can serve as high-enthalpy components in propellants for gas-generator engines providing high ballistic
efficiency relative to the binary formulation of a dispersant with rubber.
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Figure Captions

Figure 1 Structures of the objects of the study — energetic tris(pyrrolo)-, tris(diazolo)benzenes, and 1,3,5-azines

Figure 2 The Ief(2) (a) and Ief(3) (b) values of formulations containing 27 %(vol.) PMVT (polymethylvinyl tatrazole)
binder/plasticizer = 1 : 4 (IIa, IIb, IVa, IVb, VIa–VIc, DNF (dinitrofurazane), NG (nitroglycerin), or ТNМ (tetrani-
tromethane)), 25 %(wt.) aluminum hydride and ammonium dinitramide (ADN) (rest)

Figure 3 The Ief(1) (a), Ief(2) (b), and Ief(3) (c) values of formulations containing 50 %(wt.) HMX, 19 %(vol.) PMVT
binder/plasticizer = 1 : 4 (IIa, IIb, IVa, IVb, VIa–VIc, DNF, NG, or ТNМ), 15 %(wt.) Al, and ammonium perchlorate (AP)
(rest)

Figure 4 The Ief(1) (a), Ief(2) (b), and Ief(3) (c) values of formulations containing 50 %(wt.) HMX, 19 %(vol.) PMVT
binder/plasticizer = 1 : 4 (IIa, IIb, IVa, IVb, VIa–VIc, DNF, NG, or ТNМ), and AP (rest)

Figure 5 Dependence of Qv(1500) values of propellant compositions containing rubber SKI-3, Az(O)NH2, and high-enthalpy
component (HEC) Ia (1), Ib (2), IIIa (3), IIIb (4), Va (5), and Vb (6) at Tad = 1500 ± 5 K as well as dicyanobenzene (7 ),
phenazine N-oxide (8), naphtacene (9), and anthracene (10) on the nature of the HEC and its mass content

Table Captions

Table 1 Calculated parameters of basic properties of investigated tetracycles of subgroups I–VI

Table 2 Ballistic characteristics of propellants containing ADN, aluminum hydride, and 27 %(vol.) PMVT-based binder with
plasticizer IIa, IIb, Ia, Ib, VIa–VIc, DNF, NG, or TNM

Table 3 Ballistic characteristics of propellants containing HMX, AP, Al, and 19 %(vol.) PMVT-based binder with plasticizer
IIa, IIb, Ia, Ib, VIa–VIc, DNF, NG, or TNM
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Table 4 Ballistic characteristics of propellants containing HMX, AP, and 19 %(vol.) PMVT-based binder with plasticizer IIa,
IIb, Ia, Ib, VIa–VIc, DNF, NG, or TNM

Table 5 Densities Qu(1500) and Qv(1500) of propellants containing SKI-3, Az(O)NH2, and energetic compounds Ia, Ib, IIIa,
IIIb, Va, and Vb at Tad = 1500 ± 5 K
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