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Fig. 1. The sketch of experimental setup for in situ X-ray

diffraction of shock compressed polycrystalline.
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Fig. 2. The X-ray spectrum of vanadium foil driven by laser

were measured by crystal spectrometer.
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Fig. 3. The X-ray diffraction image of un-shocked crystalline vanadium: (a) the result of numerical simulation; (b) the original im-

age recorded by image plates; (¢) X-ray data projected into 26-pspace; (d) the one-dimensional X-ray diffraction pattern, the red

dashed lines represent the theoretical position of diffraction peaks.
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Fig. 4. The in situ X-ray diffraction images under 61.7 GPa: (a) the original image recorded by image plates, the new diffraction
peak is indicated by the arrow; (b) X-ray data projected into 26-¢ space; (c) the one-dimensional X-ray diffraction pattern.
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Abstract

The solid-liquid phase transition under shock wave loading in materials is called shock melting. Shock
melting is important not only in fields like high pressure EOS or material dynamic response, but also in
applications like device protection in modern industry and national defense construction. The obtaining of
precise melting curve is more than understanding the high pressure melting behavior, and it can provide the
reliable evidence for the theoretical model of melting mechanism. So the solid-liquid phase transition under
extreme conditions is a research hotspot, and a lot of researches have been carried out. But, the enormous
discrepancy between the melting curve of dynamic loading and hydrostatic loading in transition metals,
especially, the vanadium has been unclear for decades. The difference in melting temperature under 200 GPa
between dynamic loading and hydrostatic loadirng is as large as twice (about 4000 K). Recently, Errandonea
and Zhang’s experiments present a new insight into this discrepancy, indicating that the new shock melting
curve is consistent with the extrapolated melting curve contained by LH-DAC. But all the dynamic loading
experimental data are measured by macroscopic quantities; they can determine the occurrence of the phase
transition, but cannot provide the microscopic structure of the material under extreme conditions. So, as the
technic of in situ X-ray diffraction has developed well in recent years, we use the high power laser driving
technic combining with in situ X-ray diffraction measurement to explore the structure of vanadium near the
melting line. We measure the micro structure of vanadium at up to 200 GPa in shock experiment for the first
time. We find that the bce phase transition is not observed at around 60 GPa, which is different from previous
experiments in DAC or gas gun loading experiments, but consistent with Chen’s leaser driving experiment. The
result confirms that when the impact pressure is 155 GPa, vanadium still remains solid BCC phase. It becomes
liquid at about 190 GPa. In contract to Zhang’s results, the DXRD melting point is consistent with the new
melting line. This work provides the evidence of the consistency of shock and hydrostatic melting curve,
confirming the phase boundary of vanadium under 200 GPa. This work has important scientific significance in
understanding the pressure melting behavior of transition metals. The method in this work can be applied to
the research of melting properties of other materials.
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