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Utilization of Thermal Analysis in Polymer Material Development
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In the research and development (R&D) of macromolecules, various problems have been solved, and in order to solve
them, thermal analysis, which can provide the whole image regarding bulk information, plays an important role in enterprises.
In particular, differential scanning calorimetry (DSC) was introduced to the R&D field of the polymer industry as soon as it
was developed since it is accompanied by heating and cooling in moulding and manufacturing process. It has been also utilized
for the analysis of higher order processes for fibres or films. In addition, the advent of temperature-modulated DSC (TMDSC)
has made the analysis of amorphous structures of macromolecules possible. Moreover, fast scan calorimetry (FSC) has made
it possible to simulate the actual method of processing at higher scanning rates during heating or cooling, and FSC has begun
to be used for elucidating various phenomena. In this paper, some examples of the utilization of thermal analysis, such as DSC,
TMDSC, and FSC, in the R&D of polymer materials are described, focusing on the fusion phenomenon of polymer crystals,
the structural analysis of polymer hydrogels, and, finally, the analysis of amorphous structures.
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Fig.1 Melting temperature (7m) as a function of lamella size
(M) of Nylone 6 calculated by the Gibbs—Thomson equation.
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Fig.2 Differential scanning calorimetry (DSC) heating traces of
Nylone 6 fibres yarned under various spinning conditions. The
right traces were obtained from the original fibres, and the left
traces were obtained from gamma-irradiated fibres in the presence
of acetylene.
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Fig.3 Heating rate dependence of fast scanning calorimetry
(FSC) traces for a linear polyethylene sample. The curves were
normalized by the sample mass of 9 ng. Black, dashed, and dot—
dash traces are the results for the heating rates of 1000, 2000, and
3000 K s7!, respectively.
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Fig.4 Lamellar thickness distribution of non-reorganized linear
polyethylene calculated on the basis of the Gibbs—Thomson
equation and the melting point distribution using FSC. The
average lamellar thickness was in good agreement with that
determined by small-angle X-ray scattering and low-frequency
Raman spectroscopy.
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Fig.5 Typical DSC traces of a hydrogel hollow-fibre membrane
saturated with water for an artificial kidney.
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Fig.6 Relationship between the heating rate (¢) and the half-
width (Whair) for the melting peaks of bulk water and the water in
the plate-like membrane.
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function of the peak radius (Rp) of the pore size distribution.
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confined in silica pores measured by Etzler and Fagundus using a
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Fig.9 Relationship between the pore volume obtained using
nitrogen gas adsorption—desorption measurements (Vgas) and that
obtained using DSC (¥bsc).
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membranes, as shown in Fig. 10.
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PMMA membranes calculated from the melting curves of pore
water before (solid curve) and after (chain curve) freeze-drying
with the pore size distribution determined using nitrogen gas
desorption (closed circles).
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Fig.14 Comparison of the heat capacity change in the glass
transition (ACp) and the difference between the enthalpy change
in fusion and cold crystallization (AHm — AHc) the for Nylone 6
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