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tion for zirconium is
V/Vo=[1+0.00433 P02, (17)

In Fig. 5, a comparison of the ultrasonic equation of
state (17) is made with the shock-wave data,” and
Bridgman’s isothermal compressibility data.?® There is
a poor agreement between Bridgman’s data to 98 kbar
and our results. This is partially explained by the
phase transformation in Zr.® At higher pressures
(760 kbar) the ultrasonic equation of state certainly
cannot be used to estimate compression.

SUMMARY OF CONCLUSIONS

Attempts to correlate volume thermal expansion in
Zr with the temperature and hydrostatic pressure de-
rivatives of the elastic moduli lead to the conclusion
that the elastic shear moduli and the transverse phonon
modes are more dependent on the ¢/a ratio in this hep
structure than on the volume changes. In Zr, where the
anisotropy in linear compressibility is the inverse of
the anisotropy in linear thermal expansion, the strong
coupling of the shear mode frequencies to the ¢/a ratio
leads to a wide deviation between the high-temperature
Gruneisen 7y determined from the hydrostatic pressure
derivatives of the elastic moduli and the Gruneisen
parameter calculated from thermal-expansion data.
Measurements of the elastic modulus changes under
uniaxial stresses are needed to answer the questions
raised in this study. Measurements of the high-temper-
ature hydrostatic pressure derivatives should be helpful
in deciding whether volume changes, rather than rela-
tive axial expansion, produced the effects on the lattice
vibrations that lead to the hcp to bee transformation.
The pressure-induced phase change in Zr? at 60 kbar
may be a result of the negative pressure derivative of
the Cy shear modulus in Zr.
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