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Abstract

The phase transitions and structure stabilities of materials have always attracted much attention of the experimental
and theoretical investigators. When calculating the phonon dispersion of the cubic structure of the transition metal Zr
(B-Zr), the traditional methods always give the negative phonon frequencies. So the quasi-harmonic approximation
cannot solve this kind of problem. We obtain the phonon dispersion of 8-Zr at high pressure and high temperature by
using the newly developed self-consistent ab initio lattice dynamics method, which can well consider the phonon-phonon
interactions. And then the stable region of 8-Zr in the high pressure and high temperature phase diagram is predicted.
The full phase diagram of Zr is also predicted. We also obtain the high temperature equation of state (EOS) and thermal
expansion of -Zr, which can help to construct the EOS data base of Zr.

Keywords: transition metals, high pressure and high temperature, lattice dynamics, first-principles

PACS: 64.30.Ef, 63.20.dk, 71.15.Mb DOI: 10.7498 /aps.64.046401

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11304408, 11347019), the Joint
Fund of the National Natural Science Foundation of China and the China Academy of Engineering Physics (Grant No.
U1230201), the Natural Science Foundation of Chongqing City, China (Grant Nos. cstc2012jjA50019, cstc2013jcyjA0733),
and the China Postdoctoral Science Foundation (Grant Nos. 2014M552380, 2014M552541XB).

1 Corresponding author. E-mail: cuiehu@126.com

046401-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.046401

	1引 言
	2计算方法与模型
	3计算结果与讨论
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Table 1
	Fig 5


	4结 论
	References
	Abstract

