Dimensional effects at low temperatures
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Thermomechanical analysis (TMA) is the technique to investigate the dimensional behavior of a material in function of temperature or time. The expansivity is one of the interesting properties which has a decisive influence/impact on the design of material combinations like reinforced or filled polymers, bi-metals and coatings of ceramics, for example. In other applications, the determi​nation of the temperature of a sudden change of the expansion coefficient is of highest importance, as in the case of the glass transition or a solid-solid transition. Modern TMA systems are so sensi​tive, that even the softening of thinnest coatings can be detected. The TMA, therefore, is a very ver​satile technique to perform dilatometry, penetrometry, tensile measurements as well as foaming and swelling determination.

The need to do sub-ambient temperature testing is increasing so that Mettler-Toledo has launched a new TMA to reach –150 °C. The TMA/SDTA841e simultaneously measures the DTA signal which is especially helpful for temperature calibration using pure and well defined organic liquids such as n-octane or n-hexane. In thermomechanical analysis the sample size can be very small but also very large, i.e. few g to several grams. This has an influence on the temperature calibration due to the big differences in the heat capacities. The FlexCal™ of the STARe system stores these parameters so that no recalibration is required if the samples are changed in size.

The DLTMA-mode (dynamic load TMA) provides additional and simultaneous information about the elastic behavior of a material. For example, a "weak" glass transition is seen much easier or the curing of a resin can be followed and gelation be determined. Two examples of application are shown in the figures 1 and 2. Further applications will be discussed especially in the field of crosslinking reactions of elastomers (sealants) and curing of resins in the broad temperature range from –150 °C up to 600 °C. 
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	Fig. 1: Isothermal curing of an adhesive at 10 °C using the DLTMA mode to detect the point of gelation. The probe is moved up and down by the positive and negative force, "dipping" into the liquid resin until it gets stuck be the gelation.
	Fig. 2: Low temperature behavior of elas​tomeric sealants after 2 weak curing at ambi​ent conditions. DLTMA mode using alter​nating stress between 16 and 21 kPa.


