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Abstract
It had been reported that for potassium chloride (KCl) the B1–B2 phase
transition (PT) occurs under shock and static compressions, but the measured
transition points showed large scatter. In this study, Hugoniot measurement
experiments were performed on KCl single crystals by the inclined-mirror
method combined with use of a powder gun. The anisotropic Hugoniot elastic
limits and PT points were observed. The PT points along the 〈100〉, 〈110〉 and
〈111〉 axis directions were determined as 2.5, 2.2 and 2.1 GPa, respectively. The
anisotropic transition was reasonably explained in terms of the displacement
mechanism along the 〈111〉 axis direction.

1. Introduction

Potassium chloride (KCl) is a typical ionic crystal with the NaCl (B1) type of structure. It was
reported that this material transformed to a CsCl (B2) type of structure under static compression
[1–3]. In shock-compression research, Hugoniot measurements have been performed by the
pin-contact method in the pressure region up to 200 GPa [4, 5]. The shock-wave profiles were
observed by the quartz gauge method and the electromagnetic gauge method in the low-pressure
region [6, 7]. However, the measured transition points under shock and static compressions
showed large scatter. In this study, Hugoniot measurement experiments are performed on KCl
single crystals parallel to the (100), (110) and (111) planes by the inclined-mirror method
combined with use of a propellant gun to study the B1–B2 phase transition (PT).

2. Experimental procedure

The plate-shaped specimens, with thickness of about 3–4 mm and width of about 19 × 16 mm,
were cut from single crystal. Some single crystals were grown by the Bridgman method under
an air atmosphere, and some were provided by the Nihon Kessho Kogaku Co., Ltd. The
purity of the starting material was higher than 4N. The mean bulk density was measured to be
1.989 g cm−3 by the Archimedean method.
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Figure 1. A streak photograph obtained by the inclined-mirror method for a single crystal shocked
along the 〈111〉 axis at an impact velocity of 1.426 km s−1.

The Hugoniot parameters were measured by means of the inclined-mirror method using
rotating-mirror-type streak camera which provided a maximum writing rate on the film greater
than 10 mm µs−1 [8]. In particular, we used a long-pulsed dye laser as light source, which
meant we could use a thinner slit (2 µm) to increase the time resolution to higher than 1 ns [9].
The setting angles of the inclined mirror were 2◦–5◦ in this study. The plane shock wave
was generated by the high-velocity impact method using a keyed-powder gun 27 mm in bore
diameter (impact velocity <2 km s−1) [10]. Tungsten, copper or aluminium alloy (2024Al)
plates were used as the impact and driver plates. These specimens and plates were finished
parallel to an accuracy of 2–3 µm. The impact velocities were measured by the electromagnetic
method within an accuracy of 0.2%. The particle velocities of the elastic wave and the plastic
wave were analysed using the free-surface approximation, and the final shock-wave analysis
was done by the impedance-matching method. The Hugoniot data for the impact and driver
plates from [11] were used.

3. Results and discussion

Figure 1 shows a typical streak photograph obtained by the inclined-mirror method for a single
crystal shocked along the 〈111〉 axis at an impact velocity of 1.426 km s−1. At points 1 and
2, the elastic shock wave arrived at the rear surfaces of the driver plate and the specimen,
respectively. Along the 〈111〉 axis direction, the particle velocity of the elastic wave was
determined as 0.06 km s−1. But the ones along the 〈100〉 and 〈110〉 axis directions were
negligibly small (<0.01 km s−1). This showed that the strength under uniaxial compression
along the 〈111〉 axis direction was largest. A further kink due to the B1–B2 transition is
observed at point 4, where the particle velocity was determined as 0.311 km s−1. The elastic
wave velocities along the 〈100〉 and 〈110〉 axis directions were consistent with the ultrasonic
data [12].

Figure 2 shows the Hugoniot compression curve in the low-pressure region. The Hugoniot
elastic limit (HEL) stress along the 〈111〉 axis direction was 0.4 GPa, while the ones along the
〈100〉 and 〈110〉 axis directions were negligibly small. The PT points along the 〈100〉, 〈110〉 and
〈111〉 axis directions were determined as 2.5,2.2 and 2.1 GPa, respectively, which showed large
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Figure 2. The Hugoniot compression curve in the low-pressure region.

anisotropy in the PT. The transition point along the 〈111〉 axis direction was lower than those
along the 〈100〉 and 〈110〉 axis directions. This was reasonably well explained if we assumed
that the B1-type structure transforms to the B2-type one with a displacement mechanism along
the 〈111〉 axis direction. The volume change between the B1- and B2-type phases at zero
pressure was estimated to be 13 ± 1%.
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