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Figure 2 Non-metallic energy-containing ionic salts of N5~ composition. (a) Simple energy-containing cations; (b) guanidine cations; (c) triazolium

cations; (d) fused ring cations
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Table 1 Physical and chemical properties of non-metallic salts of pentazole

[39,40]

SR p(g em™) Hy(salt)(k ™) D(m s™) P(GPa)
NH, N, (fRi 2 & REFH 25 T) 1.467 3.06 7511 22.1
GU'N;” (K FHES T) 1.567 1.17 6816 18.7
C,HNs Ny (=M FHES T) 1.583 3.76 7701 235
C3H,Ng Ny~ (PR fHES T) 1.615 3.79 7515 24.1
TNT 1.654 -0.30 6881 19.5
RDX 1.806 0.36 8748 349
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The development of explosives and propellants technology is moving in a green direction as a result of the digitalization,
informatization and intelligence of war. Toxic and dangerous compounds are produced during the present production and
usage of explosives and propellants, which have a significant influence on the natural environment and human health.
Green explosives and propellants may minimize their negative effects on the environment and users, eliminating weapon
signature signals and the adverse phenomena throughout their life cycles without compromising product performance,
which is a necessity for the long-term development of explosives and propellants. The creative synthesis of green energy-
containing chemicals, green processing methods, and the recycling of waste energetic materials in recent years are all
discussed in this review.

One of the perennial issues is the energization of propellants and explosives. The main components that govern the
energy level of propellants and explosives are energetic compounds. High-nitrogen energetic chemicals can create
additional nitrogen following breakdown, which is consistent with the notion of green explosives and propellants. This
review discusses the synthesis status and physicochemical properties of high-nitrogen energetic compounds and ionic total
nitrogen compounds with molecular building units, including five-membered nitrogen heterocyclic furazan, triazole,
tetrazole, and six-membered nitrogen heterocyclic tetrazine. Toxic reagents are used in the current manufacturing and
processing of major raw materials for explosives and propellants, leading to the formation of various wastes. Green
synthesis methods such as electrochemical synthesis, microfluidics, and biosynthesis have the potential to be applied to the
production of energy-containing substances and can help to overcome these issues. Supercritical fluids are green media that
are beneficial to the environment, and further advancement of this technology is anticipated to result in the green
manufacturing and processing of energy-containing chemicals that are safer, more dependable, and less expensive. lonic
liquids are low-melting-point salts (melting point <100°C), typically composed of a large number of organic cations and
organic or inorganic anions, with negligible vapor pressure, a low melting point, high thermal stability, good
electrochemical properties, a tunable structure, strong solventization capability, and recyclability, making them important
green chemical media. The polymer blunt-sensing technology can realize the propellant’s low toxicity, anti-migration, and
low smoke characteristics, and because the gradient nitro propellant does not contain any blunt-sensing agent, it effectively
solves many shortcomings caused by blunt-sensing agents. Ammonium perchlorate is currently the most often used solid
oxidant in propellants; however, it pollutes water bodies, produces hydrogen chloride after combustion, destroys the ozone
layer, and causes acid rain. Ammonium nitrate, ammonium dinitroamide, and nitroform hydrazine are currently being
considered as viable oxidants to replace ammonium perchlorate. The social environment and individual safety are at risk
when waste explosives and propellants are not properly disposed of; they still have the characteristics of combustion and
explosion. Environmental pollution results from conventional procedures like incineration and landfilling. Biodegradation
technology is a type of green destruction technology that offers the advantages of inexpensive investment, good results, and
a safe and effective decomposition process. Reusing energy-containing materials allows for the creation of new parts for
explosives and propellants, civil explosives, and civil auxiliary fuels. For example, the active ingredient can be employed
as a raw material in industrial production. This review will further the study of green explosives and propellants.

green explosives and propellants, molecular synthesis, machine shaping, recycling
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