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Accidents are perceived as negative events, which they often are. But accidents may also have a positive consequence, if lessons are drawn from the way the accident happened. A comprehensive analysis of the chain of events leading to the final event may give rise to improvements allowing avoiding future accidents. This is a very general consideration and is especially well illustrated by events in chemical industry.

An example will be given, which was at the roots of the application of scientific methods - calorimetry and thermal analysis- to process safety. Developments were made in the study of industrial chemical reactions and also in the field of thermal stability. These developments were based on new instruments or on adaptation of existing instruments to these new and specific tasks.

For synthesis reactions quantitative information on thermal effects, obtained under operating conditions that are as close as possible to the industrial practice, was required. This quite original task made the design of new instruments a necessity, and led to the development of preparative reaction calorimeters. Different calorimetric principles –heat flow, heat balance, power compensation- were used in different chemical companies. These developments originated in the chemical industry and came back later to instrument companies, which made them commercially available on the market. These instruments allowed chemists having a precise and quantitative insight in their processes they never had before. This resulted in improvement of the economy and of the safety aspects. Hence reaction calorimeters became efficient process development tools. Therefore the range of application of calorimetry was extended, which led to new technical challenges that had to be solved by the instrument designers. Presently the trend is reducing the volume of reaction mixture and following the reactions simultaneously by on-line analysis methods. This allows for parallelisation of the instruments that can be used in very early stages of process development. On the other hand the availability of performing computers in the laboratory opens the doors to new developments rending possible to perform calorimetric measurements on quasi standard laboratory equipment.

For thermal stability, the first challenge was to use existing instruments and to adapt them to this novel application. The difficulties of the task can be well illustrated by the example of differential scanning calorimetry, where the use of pressure resistant crucibles led to a loss of sensitivity, increase of time constant. This challenge was solved by different instrument providers. At the same time more specific instruments were developed by chemical companies and a similar evolution, as describes for reaction calorimetry, was observed. Incidents happening during storage required high sensitivity calorimeters allowing measuring very low heat release rates. Presently there is a large choice of instruments working under different conditions, using different principles for the study of decomposition reactions. The most recent developments in this field are adiabatic calorimeters especially designed for vent sizing applications.

At the same time the instruments were developed, an evolution took place in the way the thermal process safety is approached. The “onset” was replaced by physically based concepts like time to maximum rate, which originates in the theory of thermal explosion, but was brought to a second live with a calorimeter. Thus Instruments designer and users became more conscious of these basic concepts. This resulted in improvements of the instruments, but also in the evaluation techniques. Recent developments made in the determination of decomposition kinetics for safety purposes provide an excellent illustration of this synergy. The interpretation of thermal data was also put into a methodological frame allowing a better communication of the results between physical-chemists and chemists or chemical-engineers, allowing for a scientifically sounded decision procedure for chemical process safety. 
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