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Flash DSC – a Quantum Leap in DSC Performance
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Conventional DSC instruments allow measurements to be performed at heating rates of up to 500 K/min and cooling rates of 200 K/min. The signal time constant is about 1 to 2 seconds. This level of performance is however not adequate for a number of important applications such as the investigation of the structure and morphology of polymers and polymorphic substances or of metastable materials in general. In addition, kinetic analysis of processes that occur on a time scale shorter than the signal time constant is not possible. 

The morphology of a semicrystalline polymer depends on the cooling conditions experienced by the material as it was cooled from the melt. Furthermore, when a semicrystalline polymer is heated, stable crystallites may melt and recrystallize to form larger and more stable crystals. The material in fact undergoes continuous reorganization. This process can only be suppressed if the heating rate used is sufficiently high. Depending on the particular material under study, heating rates of several 100,000 K/min are in fact necessary to suppress reorganization.

 In isothermal crystallization experiments, the sample has to be cooled rapidly from the melt to the desired crystallization temperature to prevent the formation of crystals or crystallization nuclei. For many materials, this requires cooling rates that are far higher than those achievable using a conventional DSC. 

A new Flash DSC provides heating rates of up to 2,400,000 K/min and cooling rates of 240,000 K/min. The signal time constant is 1000 times shorter than that of a conventional DSC. This allows processes to be studied that occur on a time scale of a just a few milliseconds, for example fast chemical reactions or the crystallization of certain materials. In particular, production processes such as injection molding can be simulated. The talk will describe some of those unique applications.
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