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Prediction of Exothermic Onset-Temperature
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Abstract; Evaluation of chemical hazard is important in the chemical industries because explosions
or fires occasionally occur in chemical processes where fine-chemicals including pharmaceuticals
or functional resins are treated. If the evaluation of these chemical hazards is possible by easy
calculation, this may save chemical industries money and time. Thermal hazards of chemical
substances must be evaluated from the two aspects; sensitivity, which shows how easily chemicals
may decompose or ignite, and severity, which shows how much or how fast energy is liberated
when chemicals decompose. One of typical methods for the evaluation of thermal hazards is
DSC, which gives information on the sensitivity (exothermic onset-temperature) and the severity
(decompositon heat) at the same time with easy operation. This report consists of the results
of prediction, which were obtained in our laboratory, of the exothermic onset-temperature of
benzene derivatives with fuzzy reasoning, using the 141 DSC data. If this result could predict
chemical hazards accurately enough, it might be used for the direct evaluation of thermal hazards
from chemical structures which are easily known without any experiments.

In the analysis of fuzzy reasoning in this study, linear model was used as the membership
function. We used dissosiation energy index (DEI), functional group index (FGI), and inter-
molecule reaction index (IRI) as variables for the fuzzy reasoning. The membership function of
the exothermic onset-temperature was divided into 3 steps namely safe, the intermediate, and
danger. The other indexes were divided into two steps (safe and danger). The fuzzy reasoning
rule used is shown below.

1. if DEI, FGI, and IRI are danger, then exothermic onset-temperature (Temp.) is low.
if DEI and FGI are danger, and IRI is safe, then Temp. is the intermediate.

if DEI is safe, FGI is danger, and any IRI, then Temp. is the intermediate.

if DEI is danger, FGI is safe, and any IRI, then Temp. is the intermediate.

if DEI and FGI are safe, and IRI is danger, then Temp. is the intermediate.

6. if DEI, FGI, and IRI are safe, then Temp. is high.
The reasoning results didn’t sufficiently show a good relationship between the experimental

DA R

values and the predicted values, so the improvement of the membership function and the index
value may be necessary in future.
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Table 6 Functional Group Indexes (FGI).
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Table 7 Estimation of maximum dissociation en-
ergy index
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Fig. 5 Fuzzy Reasoning Process in Rule 1.
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Fig. 6 Fuzzy Reasoning Process in Rule 2—4.
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Fig. 7 Result of Exothermic onset-temperature with

fuzzy reasoning for the chemical in Fig. 4.
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Fig. 8 Estimation of exo-thermic onset-temperature
with Fuzzy Reasoning (1).
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Table 8 Intermolecule Reaction Indexes.
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