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Investigation of a Shock-Induced Transition in Bismuth*
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The structure of the shock-wave system to be expected in a material which can undergo a polymorphic
transition is discussed. It is shown that the slope of the coexistence line in the p-T plane for the transition
can be determined from shock-wave mecasurements at a given initial temperature. Shock waves produced
by high explosives were uscd to investigate the equation of state of bismuth. An clectrical contact technique
was used to measure shock and free-surface velocities. The transition near 25 kilobars reported by Bridgman
was observed but the transition pressure was about 3.5 kilobars higher than in static experiments. Other
results indicated that recrystallization is a faster process than melting under shock conditions. Evidence
suggests that the relaxation time for recrystallization in bismuth at 42°C and 27 kilobars is less than 1 usec.

INTRODUCTION

N recent years shock-wave measurements have been

used by several investigators'=® to determine very-
high-pressure equation-of-state data for many liquid
and solid materials. In the course of one of thesc
investigations a phenomenon believed to be a poly-
morphic transition was observed in iron at a pressure
of 0.13 megabar.” Bridgman® tried unsuccessfully to
observe this transition statically by measuring the
electrical resistivity of similar material. In addition,
further shock-wave measurements were not in agree-
ment with theoretical predictions based on the assump-
tions that the transition observed was a first-order
transition in the thermodynamic sense and that the
pressure behind the shock wave was uniform in all
directions.

In view of these results, shock-wave techniques have
been used to make a careful investigation of the tran-
sition observed by Bridgman at 25 kilobars in bismuth.
This investigation will help -establish the wvalidity of
dynamic equation-of-state work and shed light on the
applicability of the assumptions made in reducing
shock-wave measurements to equation-of-state data.
Also a lower limit to the rate of transformation of
bismuth from one crystal form to another can be gained
from these measurements.

THEORY

Walsh! has recently prepared an extensive review of
the theory, experimental methods, and results of
equation-of-state determinations by shock-wave tech-
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niques. It is unnecessary to repeat the basic ideas here.
It is appropriate, however, to discuss briefly the
structure of the shock-wave system which results irom
a polymorphic transition in a metal and the thermo-
dynamic information about the transition that can be
gained from shock measurements.

It has been pointed out earlier” that the Hugoniot
curve in the vicinity of the transition will have the
qualitative features shown in Fig. 1 and that under
certain conditions two shock waves moving at different
velocities may be expected. It will be shown that knowl-
edge of the slope of the Hugoniot segment above point
4 and theisothermal compressibility below A provide
considerable information about the thermodynamics of
the transformation.

In the following discussion of a first-order transition
it will be assumed that the pressure behind a shock in
a metal is essentially hydrostatic; that is, that the
strength of the material is negligible. In addition, it
will be assumed that the shock is moving into a semi-
infinite medium. This imposes as a boundary condition
the absence of lateral strain. #; and H; and v; and v
refer to the specific enthalpies and volumes of phases
1 and 2 at the same temperature and pressure; and Ap
is the mass fraction of phase 2 present at point B. It is
then clear that the expressions for the total specific
enthalpy and volume in the region of mixed phases can

PHASE I

F16. 1. Hugoniot
curve and coexist-
ence lines in the vi-
cinity of a polymor-
phic transition.

( /7 Bancroft, Pcterson, and Minshall, J. Appl Phys 27, 291 PHASE I
1956).
8 P. W. Bridgman, J. Appl. Phys. 27, 659 (1956). v
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