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Generally all energetic materials evolve heat during decomposition. Processing, design, quality control, and operational applications all require an understanding of thermal hazards and an ability to predict safety limits [1].


Several methods have been presented for predictions of the reaction progress of exothermic reactions under heat accumulation conditions [2-4]. However, because decomposition reactions usually have a multi-step nature, the accurate determination of the kinetic characteristics strongly influences the ability to correctly describe the progress of the reaction [5-6]. The use of simplified and conservative kinetic models for the assessment of runaway reactions leads to economic drawbacks, since they result in unnecessary large safety margins.


Advanced numerical techniques become commonly used in chemical engineering. Applications of finite element methods (FEM) and accurate kinetic description allow determination of the effect of scale, geometry, heat transfer, thermal conductivity and ambient temperature on the heat accumulation conditions. Influence of complex thermal environment on the heat accumulation conditions can be computed for any surrounding temperature profile such as isothermal, non-isothermal, stepwise, modulated, shock and, additionally temperature profiles reflecting real atmospheric temperature changes (yearly temperature profiles of different climates with daily minimal and maximal fluctuations). Thus, these advanced numerical techniques allow describing more precisely processes that would have been declared unsafe by using simplified methods, which implicitly assume larger safety margins. More generally, applications of FEM and accurate kinetic description of complex reactions render possible the calculation of accurate heat balances and establishing safe storage or transportation conditions i.e. determination of the best container size storage or transport temperatures.  


Kinetic and FEM applications using AKTS software for prediction of the reaction progress of self-reactive chemicals in containers will be illustrated by on-line calculations carried out during the lecture.

REFERENCES

[1] Stoessel F, Steinbach J, Eberz A: Plant and process safety, exothermic and pressure inducing chemical reactions, In: Ullmann's encyclopedia of industrial chemistry. Weise E (Eds), VCH, Weinheim (1995):343-354.

[2] Keller A, Stark D, Fierz H, Heinzle E, Hungerbuehler K: Estimation of the TMR using dynamic DSC experiments. Journal of Loss Prevention in the Process Industries (1997) 10(1):31-41.

[3] N. Semenov, Einige Probleme der chemischen Kinetik und Reaktionsfähigkeit, Akademieverlag, Berlin, 1961.

[4] D.A. Frank-Kamenetskii, Diffusion and Heat Transfer in Chemical Kinetics, Plenum Press, New York, London, 1969.

[5] Dien JM, Fierz H, Stoessel F, Killé G: The thermal risk of autocatalytic decompositions: a kinetic study. Chimia (1994) 48(12):542-550.

[6] B. Roduit, Prediction of the progress of solid state reaction under different temperature modes, Thermochim. Acta, 388 (2002) 377.

