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Basic Studies on Temperature Modulated DSC and Temperature

Modulation Method and their Application to Slow Dynamics
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Basic studies of temperature modulated DSC and temperature modulation method are

summarized. These experimental techniques brought new abilities and ideas into the field of

calorimetry and thermal analysis such as separation of the heat flow to the reversing and non-

reversing components, frequency dependence, complex heat capacity, quasi-isothermal measurement

and so on. These are explained in this paper with a brief description about a detailed mathematical

model of temperature modulated DSC. An extension of temperature modulation technique to

the slow dynamics is introduced.
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Fig.1 Time dependence of the heat flow rate in TM-

DSC; (a) heat flow rate due to the heat capacity,
(b) heat flow rate accompanying chemical
reaction, (c) raw data of TM-DSC equal to the
sum of (a) and (b), (d) the steady component,
and (e) modulated component.

ZRADSC DT — 7124725, TEISFHRIC L D ks
EIERT I L 7oA CH B o Fig1(d) AVER T,
Fig.1(c) DIEFEIENPEITH O LA 8 A it & B2 I1E L v,
Fig.1(e) W "Z5H0C, Fig.1(c)7*5 Fig.1(d) 75 L5 W72
bDOTH D, AFRIIKOKEMFEHT—EL LTW5,
Fig.1(a) I XIRELHIC L 2 IO L, EHFARIC
& B —EHEOWEDONTH 5, Fig. 1(b) IR TH 5,
TEZEME 2 TV IZODb ST, FEREIDSC DAL
BB S A MERIZ > TWb, L LEIC AU,
EEOPLKRENITRY & ) ITERB S IEELEIC0 TER L,
FEFINENE VI DPIELV, 2D LD ITRELSHOE
BAUNE e B DI, AL ERE ORI IE IR KA
Hbo FUIEBEDZRET-OHIHRE TH 2 & ) HEI
&, RIS L A e EE ORI, REEROKE
BLZFOL ZOMIHREDIL L FREEIC R 5, e b EiH %



it

\'\

\

AN

\\
\

\\

Heat flow rate endo. —

)

Heat flow rate endo. —
Heat flow rate endo. —>

50

Fig.2 TM-DSC traces of atactic Poly(methyl methacry-
late) on the heating process through the glass
transition after aging at 80, 85, 90, 95, 100, 103,
105, 110, 115, 120, 130, 140 C, non-annealed
(a) Total heat flow, (b)
reversing hat flow and (c) non-reversing heat

flow.!®

(from top to bottom).
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Fig.3 Schematic drawings of time dependence of (a)
heat pulses, (b) absorbed heat, and (c)
temperature.
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Melting of polyethylene crystals measured with
TM-DSC equipped with light heating system;
(a) the conventional DSC type signal, and (b)
inverse of the amplitude of the modulation
component. Modulation period was 0.01 Hz,
0.02 Hz, 0.1 Hz, 0.2 Hz, 0.5 Hz, and 1.0 Hz
from the top to the bottom. '®
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Fig.5 Growth rate of poly(ethylene terephthalate)
crystals measured with TM-DSC (O) and optical
microscope (@).'®
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Fig.6 Results from semi-crystalline poly(ethylene

oxide); (a) a conventional DSC trace and (b) heat
capacities
measurement during annealing at (1) 50 C (top),
(2) 54C and (3) 58 C.
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Fig.7 A model for the thermal system of TM-DSC.!?
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Fig.9 Temperature dependence of the real part of the
complex heat capacity and the complex volume
expansion coefficient. 29
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