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Fig. 1. Experimental setup for in situ X-ray diffraction of
shock-compressed polycrystalline. A schematic of the target

is shown below.
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Table 1. Parameters for vanadium and iron.

Material po/g-em™3 Co/km-s~1 A
A% 6.105 5.044 1.242
Fe 7.850 3.935 1.578
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Fig. 2. (a) In situ X-ray diffraction image recoded for vana-
dium under pressure of (69.36 + 9.31) GPa; (b) the X-ray
spectrum emitted by the resulting vanadium foil is meas-
ured with crystal spectrometer and shows the dominant
He, line.
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Fig. 3. (a) X-ray diffraction data for shock-compressed vanadium projected into 26-¢ space; (b) the corresponding background-sub-

tracted one-dimensional X-ray diffraction pattern; (c) the free surface velocity of vanadium recorded by the DISAR system;

(d) pressure vs. compression ratio (p/po ) for vanadium, where Hugoniot measurements from gas gun experiments are shown as sol-

id line.
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Fig. 4. (a) In situ X-ray diffraction image recoded for iron
under pressure of (159.30 £ 6.11) GPa; (b) the X-ray spec-
trum emitted by the resulting iron foil is measured with

crystal spectrometer and shows the dominant Hen line.
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Fig. 5. (a) X-ray diffraction data for shock-compressed iron projected into 26-¢ space; (b) the corresponding background-subtrac-

ted one-dimensional X-ray diffraction pattern; (c) the free surface velocity of iron recorded by the DISAR system; (d) pressure vs.

compression ratio (p/pg) for iron, where Hugoniot measurements from gas gun experiments are shown as solid line.
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In situ observation of phase transition in polycrystalline
under high-pressure high-strain-rate shock
compression by X-ray diffraction”
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Li Zhi-Jun?  Xin Yue-Feng! Li Xiao-Ya!’ Li Junb?
1) (National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang 621900, China)
2) (Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang 621900, China)
( Received 16 June 2020; revised manuscript received 15 July 2020 )
Abstract

The knowledge of phase transition of material under dynamic loading is an important area of research in
inertial confinement fusion and material science. Though the shock-induced phase transitions of various
materials over a broad pressure range have become a field of study for decades, the loading strain rates in most
of these experiments is not more than 10° s™'. However, in contrast with the strain rate range where the phase
diagram is a good predictor of the crystal structure of a material, at higher strain rate (> 10°s™!) the phase
diagram measured can be quite different not only in shifting the boundary line between various phases, but also
in giving a different sequence of crystal structure. High-power laser facility can drive shock wave and
simultaneously provide a precisely synchronized ultra-short and ultra-intense X-ray source. Here, based on the
Prototype laser facility, an in situ X-ray diffraction platform for diagnosing shock-induced phase transition of
polycrystalline material is established. The in situ observation of material phase transition under high-strain-
rate shock loading is carried out with typical metals of vanadium and iron. Diffraction results are consistent
with vanadium remaining in the body-centered-cubic structure up to 69 GPa, while iron transforms from the
body-centered-cubic structure into hexagonal-close-packed structure at 159 GPa. The compressive properties of
vanadium and iron obtained in in situ X-ray diffraction experiment are in good agreement with their
macroscopic Hugonoit curves. The decrease in the lattice volume over the pressure step period yields a strain
rate on the order of 108 — 10° s™!. The available of the presented in situ X-ray diffraction plateform offers the
potential to extend our understanding of the kinetics of phase transition in polycrystalline under high-pressure
high-strain-rate shock compression.

Keywords: high-strain-rate loading, in situ X-ray diffraction, shock-induced phase transition, high power laser
facility
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