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Fig. 1. (color online) Schematic drawing of the in-situ
lattice diffraction measurement at dynamic compres-

sion.
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Fig. 2. (color online) Schematic drawing of the shock-
wave measurement in sample at laser-loading: (a) Ar-
rival time at the front surface of sample; (b) arrival

time at the free surface of sample.
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Fig. 3. (color online) Schematic drawing of experimen-

tal set-up for dynamic XRD technique.
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Fig. 4. (color online) Measured transit time for the
shock wave in 37 pm-thick [111] single-crystal iron and

the scheduling of dynamic XRD lattice measurement.
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ing and the laser loading.
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Fig. 8. (color online) X-ray diffraction spectrum of
[111] single crystal Fe at static condition: (a) XRD
experimental result; (b) DEF-XRD fitting.
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Fig. 9. (color online) Dynamic lattice diffraction spec-
trum of [111] single crystal Fe with the pump-probe
delay time of 4.8 ns.

P 11 2 b DU B %o 565 L ZE B 6.8 s ) i
FToT R, ML T b — R % A5, R CRE
T AT b 2 % AN [ & T E b o R 46 TS AT S 2R
18 DEF-XRD 27 T4 (W 12), 15 H AT
fi T A BCC 4544 1 (112), (211) A1 (112) F 1, H
H(112) & T 78 b o K 46 50 5 I 6T 55 A 0 43 31 N

52.14° F154.49° 15 H & 1 6] 247 56 29 3%, AHRL
FRAARR S 45 A 91.9%. 31X — IR Z0] F) S 4 1 4 22 30T
TSR E T Py AR R R AR L (89.5%), X B
T SRR DL Py YR AR R R

0/(%)

—-52 —-29 —6 17
o/ ()
15 T T T T T T T
L (b)
Shocked (121)
w12F Unshocked (121) peak 53.05° -
= peak 52.14° i
=
P °
S 9r %o g ]
L o ®og0 -
? /
g 6 7
g
5
3L _
0

51 . 52 53 . 54 . 55
Diffraction angle/(°)

10 (MFIRE) T 4.8 ns B [111] & A Fe 3h& 0B

HIRRIE SRR (a) BRIDARARATI I A; (b) vhili KGR HT

Ja RIAT ST AR A

Fig. 10. (color online) DEF-XRD fitting of the mea-

sured in-situ XRD diffraction spectrum of [111] single

crystal Fe with the pump-probe delay time of 4.8 ns:

(a) DEF-XRD fitting at spherical coordinate; (b) un-

shocked and shocked diffraction angle.

2z [111]

y: [110]

11 (MFIRta) IR 6.8 ns I [111] 51 Fe B4 ik
JEAEAT ST B 1

Fig. 11. (color online) Dynamic lattice diffraction

spectrum of [111] single crystal Fe with the pump-
probe delay time of 6.8 ns.
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Fig. 12. (color online) DEF-XRD fitting of the mea-

sured in-situ XRD diffraction spectrum of [111] single

crystal Fe with the pump-probe delay time of 6.8 ns:
(a) DEF-XRD fitting at spherical coordinate; (b) un-
shocked and shocked diffraction angle.

/
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Fig. 13. (color online) Dynamic lattice diffraction
spectrum of [111] single crystal Fe with the pump-
probe delay time of 7.8 ns.
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Fig. 14. (color online) DEF-XRD fitting of the mea-
sured in-situ XRD diffraction spectrum of [111] single
crystal Fe with the pump-probe delay time of 7.8 ns:
(a) DEF-XRD fitting at spherical coordinate; (b) un-
shocked and shocked diffraction angle.
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Abstract

Structure evolution under dynamic compression condition (high temperature, high pressure and high strain rate)
is one of the most important problems in engineering and applied physics, which is vital for understanding the kinetic
mechanism of shock-induced phase transition. In this work, an in-situ dynamic X-ray diffraction (DXRD) diagnostic
method is established to probe the lattice response driven by shock waves. The geometry is suitable for the study of
laser-shocked crystals. In order to eliminate the measurement error arising from the difference in experimental setup, the
static and dynamic lattice diffraction signals are measured simultaneously in one shot by using a nanosecond burst of
X-ray emitted from a laser-produced plasma. Experimental details in our investigation are as follows. 1) The laser driven
shock wave transit time Atshock and the shock pressure in sample are accurately determined from the shock-wave profile
measurement by dual laser heterodyne velocimetry. 2) A laser pump-and-probe technique for adjusting the time-delay of
DXRD diagnosis during Atshock, With a series of repeated shock loadings is then employed to generate and measure the
dynamic structure evolution. Using this method, the dynamic lattice response of [111] single-crystal iron is studied on
Shenguang-1II facility. Single-shot diffraction patterns from both unshocked and shocked crystal are successfully obtained.
An elastic-plastic transition process —elastic wave followed by a plastic wave— is observed in shocked [111] single-crystal
iron on a lattice scale. The lattice compressibility values of the elastic wave and plastic wave are in agreement with
those derived from the wave profiles. It is found that the Hugoniot elastic limit is measured to be about 6 GPa under
nanosecond-pulsed laser shock compression. Such a high yield strength is consistent with recent laser ramp compression
experimental results in polycrystalline Fe [Smith et al. 2011 J. Appl. Phys. 110 123515], suggesting that the peak
pressure of elastic wave is dependent on the loading rate and the thickness of sample. Based on the analysis of diffraction
patterns, the BCC phase is determined to be stable till 23.9 GPa, the highest pressure explored in this work, which
might indicate that the phase transition strongly couples with the crystal orientation and loading rate. Some possible
physical mechanisms remain to be further studied: whether the transition time hysteresis occurs or the metastable FCC
phase exists in shocked [111] single crystal Fe, or the phase transition onset pressure increases under high strain-rate

compression. Our DXRD results provide a primary experimental reference for the follow-up study on the phase kinetics.

Keywords: in-situ X-ray diffraction, dynamic lattice response, single crystal iron
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