Structure of Metals at Extremes
Images from the dynamic transmission electron microscope (DTEM) at LLNL allow the transient structures formed in metals under extreme conditions to be imaged directly. It is becoming increasingly clear that materials exposed to extreme conditions will change their structure in ways we would not normally expect. Under the types of high temperature and pressure conditions where we typically need metals to function, structural changes are rapid, with many processes occurring simultaneously (such as phase transitions, secondary phases, voids, and dislocations).  Furthermore, as materials can progress to a final microstructure through intermediate states that exist for only short periods of time, we need to be able to observe these transient states directly. Through such direct observations of the order in which the structural changes occurred, we can determine the kinetics of the intermediate states and potentially can create a pathway to control the structure of materials under extreme conditions and thus control their properties and performance. Along with the unique imaging capabilities of the DTEM, we have developed a suite of tools for examining materials in situ in order to observe and characterize these changes, including pulsed laser generated x-ray, and synchrotron x-ray based techniques.
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The figure shows microstructure resulting from extreme rapid heating due to pulsed laser illumination of an amorphous NiTi film. The resultant structure occurred by crystallization and varied from large crystals on the left to nanocrystals on the right. Only in situ observation of this structure evolution revealed the mechanism for this enormous variation in structure, which resulted from the delicate balance of crystal nucleation rate with crystal growth.
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