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One of the fundamental principles of passive defense is the reduction
of vulnerability of critical and military facilities against enemy attacks
through non-armed strategies. Safe explosives, by mitigating
unintended risks (such as accidental detonations or sabotage),
contribute to enhancing the safety and security of infrastructures. The
simultaneous increase in explosive power and reduction in sensitivity
has led to the development of new generations of energetic materials.
Among the noteworthy compounds in this context is
dihydroxylammonium 5,5'-bis(tetrazolate)-1,1'-diolate (TKX-50) .The
primary objective of the present study is to design scientific networks
of safe and emerging explosives (TKX-50) using the VOSviewer
software. The methodology involves employing VOSviewer to analyze
data retrieved from Web of Science, PubMed, and Scopus databases.
The project is structured into seven stages: monitoring organization,
search and collection cycle, analysis and meta-analysis, image
updating, trend analysis and estimation, validation, and dissemination
with feedback .Findings indicate that emerging explosives, as safer
materials with reduced environmental impact and higher explosive
performance, can serve as alternatives to currently utilized energetic
compounds in applied industries. Examination of TKX-50’s functional
properties reveals that its explosive efficiency is comparable to CL-20.
TKX-50 demonstrates favorable compatibility with most components
in explosive formulations, and in some sources, it is even considered a
substitute for certain nitramines. Sensitivity assessments show that
despite its high energy content and density, TKX-50 exhibits low
impact and friction sensitivity, along with reduced toxicity compared
to many conventional explosives. These characteristics highlight its
potential for the future development of more efficient yet safer

energetic materials.
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Introduction

Passive defense is a strategic principle aimed at reducing the vulnerability of critical and military
infrastructures against hostile attacks through non-armed measures. Within this framework, the
development of safe explosives has emerged as a crucial research direction, as such materials minimize
unintended risks including accidental detonations, sabotage, and collateral damage. The evolution of
energetic materials has increasingly focused on achieving a dual objective: enhancing explosive
performance while simultaneously reducing sensitivity to external stimuli such as impact, friction, and
thermal stress.

One of the most promising compounds in this field is dihydroxylammonium 5,5"-bis(tetrazolate)-1,1'-
diolate, commonly referred to as TKX-50. This compound has attracted considerable attention due to its
unique combination of high detonation velocity, low mechanical sensitivity, reduced toxicity, and
favorable compatibility with other energetic materials. TKX-50 is considered a potential substitute for
conventional high-energy explosives such as RDX, HMX, and CL-20, which, despite their high
performance, suffer from significant safety and environmental drawbacks.

The present study aims to design and analyze scientific networks related to TKX-50 using
bibliometric mapping techniques implemented in the VOSviewer software. By integrating data from
Web of Science, PubMed, and Scopus, the research seeks to identify key trends, thematic clusters, and
knowledge gaps in the scientific discourse surrounding TKX-50. The study is structured into seven
stages: monitoring organization, search and collection cycle, analysis and meta-analysis, image updating,
trend analysis and estimation, validation, and dissemination with feedback. This extended abstract
summarizes the methodological approach, key findings, and implications of the research.

Results and Discussion

A total of 196 articles published between 2012 and 2024 were retrieved from Web of Science, Scopus,
and PubMed. Using VOSviewer, 787 keywords were extracted, of which 65 were identified as core
terms. TKX-50 itself was the most frequently occurring keyword (103 repetitions, link strength 420),
reflecting the centrality of this compound in recent energetic materials research. Other prominent
keywords included stability (43 repetitions), energetic materials (47 repetitions), sensitivity (31
repetitions), decomposition (34 repetitions), behavior (31 repetitions), thermal decomposition (24
repetitions), and crystal structure (18 repetitions).
These clusters highlight the dominant research themes:
e Stability and Safety: Investigations into the thermal and mechanical stability of TKX-50,
emphasizing its resilience under storage and operational conditions.
¢ Energetic Performance: Comparative studies demonstrating that TKX-50 exhibits detonation
velocities comparable to CL-20, while maintaining lower sensitivity.
e Environmental Considerations: TKX-50’s reduced toxicity and lower environmental impact
relative to traditional nitramines.
e Structural Properties: Analyses of crystal morphology and thermodynamic behavior, which
influence compatibility with other explosive formulations.
Experimental data indicate that TKX-50 possesses a nitrogen content of 59.3%, contributing to its high
energy density. Its detonation velocity is approximately equal to that of CL-20, yet its impact and friction
sensitivity are significantly lower. TKX-50 demonstrates compatibility with several energetic compounds
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such as hexanitroethane (HNE), though weaker compatibility with TNT, CL-20, and nitrocellulose has
been reported. Thermodynamic studies reveal that TKX-50 exhibits a slightly lower decomposition
temperature in submicron form but maintains higher activation energy, suggesting enhanced safety
margins during handling.Figures generated by VOSviewer illustrate the interconnections among
keywords, research domains, and thematic clusters. The overlay visualization highlights the temporal
evolution of TKX-50 research, showing an increasing emphasis on safety and environmental
sustainability in recent years. Density maps further reveal concentrated research activity around stability,
sensitivity, and decomposition, underscoring the scientific community’s prioritization of these aspects.
The bibliometric evidence suggests that TKX-50 is positioned as a next-generation energetic material
capable of bridging the gap between performance and safety. Its favorable properties—high detonation
velocity, low sensitivity, reduced toxicity, and relatively simple synthesis—make it a viable candidate for
insensitive munitions (IM) and high-energy insensitive explosives (HEIE). Moreover, the compound’s
ionic salt synthesis route offers industrial scalability compared to complex multi-step processes required
for alternatives such as octanitrocubane (ONC).

The research also highlights the importance of continuous monitoring and bibliometric mapping in
defense-related material science. By identifying knowledge clusters and research gaps, bibliometric tools
such as VOSviewer enable strategic planning for future investigations, patent development, and
industrial applications.

Conclusion

The extended bibliometric analysis of TKX-50 underscores its potential as a safer and more efficient
alternative to conventional high-energy explosives. TKX-50 combines high detonation performance with
low mechanical sensitivity, reduced toxicity, and favorable thermal stability, making it suitable for
integration into modern explosive formulations and propellants. Its compatibility with various energetic
compounds further enhances its applicability, although limitations with certain materials such as TNT
and CL-20 warrant further investigation.
The findings suggest that TKX-50 can significantly contribute to passive defense strategies by reducing
the vulnerability of critical infrastructures and military assets. The compound’s properties align with the
principles of insensitive munitions, offering enhanced safety during storage, handling, and deployment.
Future research should focus on:

e Expanding experimental validation of TKX-50’s compatibility with diverse energetic

formulations.

e Investigating large-scale synthesis methods to ensure industrial feasibility.

¢ Conducting environmental impact assessments to confirm its sustainability advantages.

¢ Exploring composite formulations to maximize performance while maintaining safety.
In conclusion, TKX-50 represents a promising direction in the development of high-energy insensitive
explosives. Its unique balance of performance, safety, and environmental compatibility positions it as a
strategic material for next-generation defense applications. The bibliometric mapping conducted in this
study provides a comprehensive overview of current research trends and offers a roadmap for future
investigations in the field of safe energetic materials.
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