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Note

COMMENTS ON PENTAERYTHRITOL DSC
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Pentaerythritol (2,2-bis-[hydroxymethylene]-1,3-propanediol) is odorless,
white, crystalline compound. It usually crystallises in the tetragonal form. At
temperatures above 180°C it undergoes a transition from the tetragonal form to
a cubic lattice structure. Various melting points have been reported for pure
pentaerythritol, with 261-262°C most often mentioned. On heating pen-
taerythritol sublimes and boils — the temperature dependencies of its vapour
pressure have been reported [1, 2].

Owing to such properties, the thermoanalytical curves of pentaerythritol
(e.g. TG, DTA or DSC) are strongly affected by the conditions of measurement.
Specifically, factors like the heating rate, sample mass, geometry of sample sys-
tem (sample pan — whether standard or hermetically sealed etc.), purge gas flow
rate, the sample grain size distribution and, optionally, the sample dilution are
of importance.

The purpose of the present note is to demonstrate the effect of the measure-
ment conditions on the thermal behavior of the sample. With this regard some
unusual DSC experiments were performed: in these experiments the sample
was not encapsulated, but simple placed in an open sample container. These
measurements were carried out in order to study the sublimation behavior of
pentaerythritol. In addition, the interpretation given in Ref. [3] has been at-
tempted.

Figure 1 shows DSC curves recorded for pure pentaerythritol, from Fluka
AG, using the Mettler TA4000/DSC30 heat-flux dlfferentlal scanning calorime-
ter under constant flow of argon (100 ml min™), at heatmg rates of 0.5 and

10°C min*, for sample masses of about 0.5, 2 and 13 mg, in an Al, 40 pl pan,
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Fig. 1 DSC curves of pure pentaerythritol under dynamic (100 ml min™") argon atmosphere:
A: 0.5°C min™', 0.425 ing in open pan, B: 10°C min™', 2.078 mg in open pan,
C: 10°C min™', 12.937 mg in open pan, D: 10°C min~', 12.933 mg in encapsulated
(0.5 mm hole) pan

open or covered (a 0.5 mm hole in the lid). It is clearly seen that a slightest
change in any of the measurement conditions above brings about visible or even
drastic variations in the shape of the DSC curve for pentaerythritol (the same,
pure organic compound!). In the tests carried out with an open pan and a suit-
ably small sample mass and/or low heating rate (i.e. condition ‘A’), only subli-
mation of pentaerythritol from its hexagonal form is observed. With larger
sample masses and/or at higher heating rates (i.e. condition ‘B’), only a portion
of the sample is sublimed before the solid-to-solid transition temperature is
reached, after this transformation pentaerythritol of the cubic structure will sub-
lime. Further increase of the sample mass and/or the heating rate will lead to
conditions, in which pentaerythritol of the cubic form can reach its melting
point, and thus, evaporate after melting (case ‘C’). If the pan is capped (by lid
with small hole) sublimation and evaporation processes of pentaerythritol are
strongly limited at temperatures below its boiling point under atmospheric pres-
sure: the DSC curve will then show only the solid-to-solid transformation, as
well as melting and boiling of pentaerythritol (curve ‘D’). The above interpre-
tation of the DSC curves of pentaerythritol has been supported by thermo-
gravimetric data obtained under similar conditions (sample mass, pan type,
heating rate, gas atmosphere) using the Mettler TA4000/TG50 thermobalance.

DSC curves with some other shapes can-also be recorded for pure pen-
taerythritol when measurement conditions are suitably modified as well. As
proved, pentaerythritol is an excellent example of a compound which requires
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exact and comprehensive description of the conditions its thermogravimetric
measurements are made at, when publishing the obtained data.

Apart from its instructive aspect, the above example shows also that it is not
enough to use only ‘standard’ (for a given laboratory) measurement conditions
to extract information necessary to describe the thermal behaviour of a mate-
rial. From the experience of the author, thermal analysis experiments give
interesting and reliable information about the thermal behaviour of materials
when they are examined under diverse conditions. Using various sample
masses, heating rates and varying between open and crimped pans (with a small
hole in the lid) is profitable specifically for low molecular mass organic com-
pounds, despite the procedure is much labour- and time-consuming. Needless
to say, the results should always be supported by other, complementary tech-
niques.
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