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Abstract:

The requirement for a systematic approach to chemical reaction
screening is described along with a comparison of results from
some commercially available equipment. The limitations of
using differential scanning calorimetry (DSC) as a screening
tool are discussed and how the implementation of a technique
(TSY) (thermal screening unit [Hazard Evaluation Laboratory
Ltd., 50 Moxon Street, Barnet, Hertfordshire, EN5 5TS, UK;
Internet: http://www.helgroup.co.uk]) for rapid identification
of thermal and pressure hazards has helped to overcome the
DSC shortcomings. This TSY test is described along with some
in-house modifications made to the commercially available
system to reduce heat losses. Comparative results for 20
thermally unstable compounds, using commercially available
equipment, are presented which show how the combination of
both temperature and pressure information obtained with the
TSV can help increase levels of safety.

Introduction

A chemical process goes through various stages of
evolution. This life cycle of a process begins with its initial
concept (discovery), and then the process grows through
stages of process development and design. The preferred
philosophy to process safety is to eliminate a hazard
completely or reduce its magnitude to avoid the need for
elaborate safety systems and procedures. This approach
builds inherent safety? into the process. For this approach to
be effective, it is important that the hazard assessment of
the process commences at an early stage of development.

However, the effort of assessing each process with the
same thoroughness independent of scale or development
stage is not feasible in a research-based environment where
speed of development is a major factor in commercial
success. It therefore becomes necessary to define different
levels of hazard assessment using a staged approach that
allows us to have combined speed and accuracy and at the
same time not to knowingly accept safety risks.

A general staged strategy for reaction hazard assessment
is outlined below:

1. Desk screening - including literature searches and desk
top** calculations such as oxygen balance* and CHETAH®
calculations.
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2. Screening tests - used primarily at the laboratory-scale
development stage, including amongst others DSC, Carius
tube, and DTA techniques.

3. Characterisation of the desired process - usually
carried out by using isothermal calorimetry* to give data on
reaction heats, reaction kinetics, thermodynamics, and heat
transfer. Equipment includes the commercially available
RC-1 (Mettler-Toledo) and SIMULAR! calorimeters.

4. Characterisation of the undesired process or worst
case scenario - usually performed using adiabatic calorimetry
to gain reaction runaway data on reactions and individual
materials. This also then leads to data for reaction pressure-
relief sizing and other protective measures. Commercially
available equipment* includes accelerating rate calorimeter
(ARC), Phi-Tec, VSP, and adiabatic Dewar tests.

This report is primarily concerned with arguably the most
important area of reaction hazard assessment, the screening
phase. The tests used at this stage tend to use small samples
that give rapid results and hence are ideal for use at early
stages of compound development. The aim of these tests is
to differentiate the innocuous materials from the potentially
hazardous ones.

As mentioned above, thermal screening is typically
performed in two ways: (1) theoretical evaluation of the
potential energy release on the decomposition of the study
material into smaller more stable species and (2) thermal
scanning, in which a small mass of a sample is heated over
a temperature range to seek evidence of exothermic activity.

The limitations of theoretical calculations are widely
recognised and include: (i) the limited number of predictable
reactions that can be easily assessed, (ii) the difficulty of
unpredictable side reactions that cannot be included in the
calculation, (iii) the lack of information on the rate of heat
release, (iv) the absence of pressure data, and (v) lack of
experience required to perform a reliable assessment.

It is commonly accepted that a theoretical assessment
alone is rarely sufficient to permit scale-up. Also, with the
speed at which information can be obtained with modern
instruments it is often easier and more reliable to obtain
experimentally measured thermal stability data. However,
the limitations of experimental methods are not always
recognised as readily.

DSC is probably the most common screening technique$
in use today and has been in use for many years in a number
of different areas of chemistry, not just hazard analysis. It is
primarily a thermal analytical tool that has found use in
hazard assessment due to its ability to give accurate thermal
information on small samples, relatively quickly and easily.
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