
Thermochimica Actq 85 (1985) 361-364 
Elsevier SciencePublishers B.V., Amsterdam -Printed in The Netherlands 

361 

UNIVERSAL SYSTEM FOR INVESTIGATION OF 
TRERMIC HAZARDS 

L. Hub 
SANDQZ Ltd., CH 4002 (Switzerland) 

ABSTRACT 

Modern chemical manufacturing processes operating under demanding 
conditions, such as high concentrations and temperatures, require 
improved testing for thermic hazards. Especially needed are instru- 
ments with a broad spectrum of measuring abilities. The new comput- 
er-based Thermal Safety Calorimeter TSC 500 provides all common 
measurement modes of testing such as screening, dynamic tests, iso- 
peribolic and adiabatic measurements and also offers special fea- 
tures, e.q. isothermal and overadiabatic calorimetry. Measurements 
with various sample sizes in open tubes, under pressure or under 
special gas atmospheres are possible. Features for stirring, addi- 
tion of components, gas rate measurements etc. are available. 

INTRODUCTION 

In recent years there was an increasing tendency to develop and 

introduce intensive chemical processes. These are often operating 

near to the potentially dangerous state and demand therefore highly 

reliable safety testing. Since the hazardous behaviour of chemicals 

can be trigqered by a larqe number of various influences, it is ob- 

vious, that the necessary information cannot be derived from one 

simple measurement. A major source of hazards of repetitive chemi- 

cal manufacturing processes is associated with their large variabi- 

lity of working conditions. Even seemingly small deviations, e.g. 

traces of impurities, variable duration of physical operations or 

access of oxygen from the air can significantly change the thermic 

behaviour of a given material. Consequently, conscientious testing, 

employinq even superior instruments, but using only one experimen- 

tal setup or only one testinq method, can reveal one part of the 

potential danqer, but fail to recognize another (ref. 1). Examples 

are, autocatalytic reactions tested over too short a time, oxida- 

tive reactions examined under confinement or volatile mixtures 

investiqated in an open container. 

After the period of intensive development there are today out- 
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standing instruments available for safety testing. However, it may 

be fatal to rely on only one specialized method, regardless of the 

high qualities it posseses. It appears, that a sufficient reliabil- 

ity of hazard investigation can be achieved only by enlighting the 

complex process from various anqles, using possibly different com- 

plementary measurements. 

THERMAL SAFETY CALORIMETER TSC 500 

In the search for suitable instruments for this purpose, TSC 500 

(ref. 2) has been tested in our laboratories. In our experience it 

fulfils the major requirements, especially with respect to the 

above-mentioned need for the versatility of the experimental condi- 

tions. 

Equipment 

In two easily interchanqeable ovens, which are based on the 

previous instruments SIKAREX (ref. 3) and SEDEX (ref. 4) a number 

of various sample containers can be mounted. Thus measurements in 

open tubes of various sizes, in autoclaves, under specified gas 

atmospheres, with provisions for stirring (also under pressure) and 

for addition of substances during the investigation can be carried 

out. Containers are made of glass or stainless steel. The sample 

temperature is measured by a sensor, placed directly in the materi- 

al being tested. 

Software 

The TSC 500 is controlled by a computer, enabling the following 

measurements to be made: 

- Rapid search for the overall thermal behaviour: scanning experi- 

ments 

- Investigation of long term properties (autocatalytic reactions) 

and precise determination of the onset of the exothermic reac- 

tion: isoperibolic measurements. 

- Simulation of the failure of the cooling system: measurements 

under adiabatic conditions. 

- Special measurements, e.g. isothermal and overadiabatic calorim- 

etry (ref. 5). 

The computer enables the experiments to be carried out in the 

absence of laboratory personnel and provides features for on-line 

and off-line inspection and evaluation of the gathered data. 
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On-line early warning feasibility 

A special novel feature of the TSC 500 is the possibility to sim- 

ulate the performance of the On-line Warning System OLIWA (ref. 

2). OLIWA is a commercial available early warning system, designed 

for installation on chemical laboratory and manufacturing equip- 

ments. This instrument provides a real-time analysis of the state 

of the process, identifies an approaching hazard of thermic explo- 

sion and gives a warning siqnal in advance (ref. 6). OLIWA has a 

complementary function to the off-line tests and can considerably 

increase the degree of safety. The new feature of the TSC 500 ena- 

bles it to inspect the warninq ability for the given process in 

advance. 

CASE 

A reaction mixture was tested in an open container, using scan- 

ninq experiment with a linear increase of temperature. The result 

(Fig. 1) shows an endothermic reaction between 120 and 180°C and 

indicates exothermic reaction above 18O'C. 
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Fig. 1. Test in an open container Fig. 2. Test in mesh-wire container 

The followinq measurement demonstrates how dangerous it could be to 

rely only on this one measurement. Testing the same mixture under 

pressure in an autoclave revealed an exothermic reaction at 13O'C 

(results not shown). The reaction mixture was then dried under 

vacuum and tested in a wire-mesh container. The first reaction at 

about 150°C is detected, in addition a second, very strong exo- 

therm, is revealed above 210°C (Fig. 2). 
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Isoperibolic measurement indicates the beginning of the first exo- 

thermic reaction at the temperature of approximately 80-C (Fig. 

3). The selfheating process under adiabatic conditions exhibits a 

dangerous course (Fig. 4). Measurements under various different 

conditions revealed new relevant 

pound. 
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Fig. 3. Isoperibolic measurement 
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Fig. 4. Adiabatic measurement 
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