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Analysis of Thermochemical Heat Storage Phenomena in
Diels- Alder Reaction using Active Isothermal Calorimeter
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Abstract — An active type isothermal calorimeter which can trace the progress of a liquid phase reversible reac-
tion was constructed using electronic circuits and a digital computer. Heat storage capacity, heat of reaction, reaction
equilibrium constant and reaction rate constants of a Diels-Alder reaction between maleic anhydride and 2-methyl
furan in dioxane were estimated from the response curves of the calorimeter. The heat storage capacity of this mixture
showed the maximum value of 6.89 J/en3K at 338°K and 7.0 mol// initial concentration of maleic anhydride.
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Fig. 1. Schematic diagram of experimental ap-
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Fig. 2. Information black diagram of isothermal calorimeter.
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Fig. 3. Detail schetch of reacting vessel.
A: Agitator, S: Sample holder, T: Thermister,
B: Evacuated glass tube, H: Control heating ele-
ment, P: Peltier cooling element, C: Cooling
water heat sink
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Fig. 4. Response of isothermal calorimeter tracing reaction progress.
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(b) Response on controller gain = 4.8 x 107

M: Temperature deviation from set point (x 1.E3)
®: Heat removal by calorimeter in response to reaction
: Simulated concentration change of A
+: Temperature change of calorimeter
x.: Simulated heat generation by reaction
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Fig. 5. Responses of calorimeter at different temperature on constant controller gain setted on 278 K.
: Temperature deviation from set point (x 1.E3)
: Heat removal by calorimeter in response to reaction
: Simulated concentration change of A
: Temperature change of calorimeter
: Simulated heat generation by reaction
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Fig. 6. Response of calorimeter tracing heat
generation by reaction, well controlled
condition.
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NOMENCLATURE

AB.C : reacting species
C, : heat capacity
HSC : heat storage capacity

E,, E; : forward and backward activation energy
AH : heat of reaction
[,J  : integration constants

i : electric current

k?, k§ * Arrhenius constants
:equilibrium constant

. rate of reaction of species A
: mass of mixture

: change of moles of A

: heat generation

: heat transfer rate

: gas constant

: heat transfer rate per Kelvin
: volume of liquid

: density

: stoichiometric coefficient for species i
: electric resistance of matter
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Supperscripts

controll heater
cooler
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