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Simultaneous imaging and diffraction of phase transitions at intermediate compression rates
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Fast compression in the dynamic diamond anvil cell (ADAC) allows for the study of materials at intermediate strain rates that are not
accessible using traditional static and dynamic compression techniques [1]. Previous dDAC studies revealed compression-rate
dependent phenomena such as rate-dependent phase transformation pathways [2], the formation of metastable phases [3], and shifts in
phase transition boundaries from their equilibrium positions [2,3,4]. The fast diffraction set-up at the Extreme Conditions Beamline
(P02.2) at PETRA-III offers time-resolved X-ray diffraction with kHz data collection rates, which allows for phase transition
boundaries to be accurately determined at compression rates up to ~1000 GPa/s. Future experiments at the European XFEL will allow
for data collection rates up to 4.5 MHz, which will extend these studies to compression rates >100 TPa/s.

In order to develop a full understanding of phase transitions under dynamic compression, it is necessary to investigate sample
behaviour on both atomistic (crystal structure) and microscopic (crystal morphology) length scales. This allows for kinetic parameters
such as nucleation and growth rates to be determined. When crystallite of the high-pressure phase have well-defined phase boundaries,
imaging techniques can be used to visualize the growth of the new phase. The X-ray phase contrast imaging platform at P02.2 allows
for the visualization of samples that are opaque to visible light, where the simultaneous X-ray diffraction measurements allow for
pressure determination, phase identification, and structural refinement. Phase contrast imaging allows us to resolve phase boundaries
for grains of similar Z, where conventional absorption-based imaging typically fails.

Here, we present results from X-ray imaging experiments on dynamically compressed Ga (Fig. 1), where we have successfully imaged
pressure-induced melting (Ga-I/liquid) and solidification (liquid/Ga-III). Using an imaging configuration in which the sample is
positioned upstream from the focal spot of a CRL-focussed X-ray beam allows for the collection of ‘clean’ diffraction patterns with
minimal contribution from the gasket material and produces clearly-defined solid/liquid phase boundaries in the X-ray images.
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Figure 1. X-ray images showing the melting of Ga on compression in the dynamic-DAC
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