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Fig. 1. Schematic of the sound speed measurement experiment using stepped samples: (a) experimental

configuration; (b) illustrative diagram where the rarefaction wave from the flyer will catch up the leading

shock wave when the sample has a thickness of hmax, which is then used to calculate the sample’s sound

speed at the Hugoniot pressure.
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Table 1. Summary of experimental parameters.
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A0521 2.016(40.05) 2.206(£0.06) 1.281(£0.06) 0.778(40.005) 2.767 (+£0.028) 3.388(+0.128) 21.1 (£0.2
A0527 2.081(40.004) 2.027(£0.008) 1.321(0.007) 0.801(£0.005) 2.784(40.028) 3.339(+0.112) 21.8 (£0.2
A0923 1.806(40.05) 2.216(£0.08) 1.369(£0.07) 0.824(+0.006) 2.866 (+£0.032) 3.313(+0.118) 23.1 (£0.2

A0924 1.812(40.006) 2.208(£0.009) 1.579(£0.008) 0.932(+0.007) 3.109 (£0.034) 3.346(+0.117) 28.3 (+£0.3
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Fig. 2. The relation between shock wave speed (Ds)

and particle velocity (up) for Bismuth.
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Fig. 3. Typical velocity profiles between the Bismuth
and LiF window at different shock pressure: (a) P =
18.6 GPa (exp. No. B0920); (b) P = 27.4 GPa (exp.
No. B0923); where the thickness of Bismuth sample is
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Fig. 4. Relation between the sound speed (Cs) and
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Abstract

Polymorphic phase transformation and melting under shock wave loading are important for studying the material
dynamic mechanical behavior and equation of state in condensed matter physics. In this paper, the accurate Hugoniot
parameter and sound velocity of shocked pure bismuth (Bi) in a pressure range of 17.3-28.3 GPa are obtained by using
flyer impact method and rarefaction overtaking technique, respectively, and the sound velocity softening trend in shock-
induced melting zone and the melting kinetics of Bi are then analyzed. In each experiment, six Bi samples with different
thickness values are affected by oxygen-free-high-conducticity copper flyer fired through power gun. Shock wave velocity
and particle velocity in Bi are experimentally determined through measuring the impact velocity and shock wave time
in the thickest sample by photon Doppler velocimetry (PDV) technique. The velocity profiles on each interface between
Bi and lithium fluoride (LiF) window are measured by displacement interferometer system of any reflector (DISAR),
and then the sound velocity of shocked Bi is determined using the rarefaction overtaking method. The analyses of our
results show that the softening of sound velocity of Bi approximatively satisfies the linear relation of Cs = 3.682 — 0.015p
in the solid-liquid coexistence zone, and the pressure zone of the solid-liquid coexistence phase is further affirmed to be
in a range of 18-27.4 GPa. Additionally, the obtained Hugoniot data for Bi in this paper supply a gap in the pressure
zone of solid-liquid mixing phase. The quadratic equation with the expression of Dy = 0.401 4 3.879u, — 0.876uf, can
better demonstrate the relation between shock wave velocity and particle velocity than a linear one when the particle
velocity lies in a range of 0.5-1.0 km/s, and this non-linear property maybe has a relationship with the shock-induced
melting of Bi. Finally, our wave profile measurement of the Bi/LiF interface shows peculiar ramp characteristics in the
expected velocity plateau zone in the pressure zone of solid-liquid coexistence phase, which may be associated with both

the nonhomogeneous melting kinetics and the long time scale of melting for bismuth.
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