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Theoretical Analysis of Classical DTA,
Power-compensated DSC and Heat-flux DSC

Kazuya Saito, Tooru Atake and Yasutoshi Saito

Theoretical analysis is given for classical DTA, power-compensated DSC and heat-flux
DSC, based on a unified model which is applicable to all the three types of instruments.
The equation governing heat flow within the system are solved analytically assuming constant

heat capacity and thermal conductivity. The method of estimating the actual temperature is
given in the case of the first-order phase transition. A principle of drawing the base line is
given for determining the enthalpy of the first-order phase transition. Applying the principle
to the unified model, theoretically rigorous drawing of the base line is shown in the case

that the heat capacities before and after the transition are different. Theoretical peak height

due to the first-order phase transition is represented as a function of the heat capacity, the

thermal resistance and the heating (cooling) rate. It is shown that the limiting peak height

obtainable in the experiments is independent of the amount of the sample. A possibility is

discussed of quantitative determination of the enthalpy of transition by using classical DTA.
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Fig. 1. Principles of (a} classical DTA, (b) power-
compensated DSC, and (c) heat-flux DSC.
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Fig. 2. Sketch of Mraw’s model®. Ty, tempera-
ture of the heater; Ty , temperature of the
sample—temperature measuring station; Ty,
temperature of the sample; Cyy, heat
capacity of the sample-temperature measur-
ing station; Cg, heat capacity of the sample;
R, thermal resistance between the sample-
temperature measuring station and the
heater; R, thermal resistance between the
sample and the sample-temperature measur-
ing station. Tym, Tr, Cem» Cr, Ry and Ry
have analogous meanings for the reference
side.
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Fig. 3. Calculated trace of the first-order phase
transition in heat-flux DSC. The upper is
the temperature of each part of the system,
and the lower shows the trace in larger
scale. The transition starts at #; and is
completed at f;. 1. is extrapolated onset
time and ¢4 is the time at which the peak

height is maximum.
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Fig. 4. Fundamental principle of drawing the base
line in classical DTA. The hypothetical
traces are given on the right-hand side, and
the corresponding heat capacities and other
thermal events are shown on the left-hand
side. 1, stationary state of condition; 2,
the first-order phase transition with sub-
stantial amount of latent heat; 3, heat
capacity changes abruptly at the transition
point.
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Fig. 5. Theoretically rigorous drawing of the base
line in classical DTA. The shaded area
corresponds to the enthalpy of transition:
(a) the heat capacity after the transition
(Csa) is smaller than that before the transi-
tion (Cgp); (b) Cou >Cyp -
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Fig. 6. Methods of drawing the base line in (a)
classical DTA, (b) power-compensated DSC,
and (c) heat-flux DSC. Functions D and
D' represent the trace and the base line,
respectively. The first-order phase transi-
tion starts at the time #; and is completed
at f;. to is the time at which the trace
reaches maximum in heat-flux DSC.
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Fig. 7. Hypothetical traces when the thermal
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Fig. 8. Peak height # as a function of the heat
capacity Cg, the thermal resistance R, (R;),
the enthalpy of transition AH and the
heating (cooling) rate a in classical DTA
and power-compensated DSC. y is the
dimensionless variable defined as y =aR,CZ/
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in power-compensated DSC. The broken
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relation, h/fga, = (2y)%.
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