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ARTICLE INFO ABSTRACT

Keywords: Investigations of equation of state, strength and texture of tungsten (W) have been performed under non-
w hydrostatic compression up to 96 GPa using an angle-dispersive radial X-ray diffraction (RXRD) techniques
High pressure together with the lattice strain theory in a 2-fold paranomic diamond anvil cell (DAC) at ambient temperature.

Strength The ratio of t/G is found to remain constant above ~35 GPa, indicating that the W started to experience macro
Te’(‘ifufe diffracti yield with plastic deformation at this pressure. Combined with independent constraints on the high-pressure shear
Eicla Xray diffraction modulus, we found that W sample could support a differential stress of ~4.57 GPa when it started to yield with

plastic deformation at ~35 GPa under uniaxial compression. The differential stress in W ranges from 0.01 GPa to
1.46 GPa with pressure increasing from 6 GPa to 35 GPa and can be described as t = —0.904(136) + 0.154(6)P,
where P is the pressure in GPa. A maximum differential stress, as high as ~6.46 GPa can be supported by W at the
highest pressure of ~96 GPa. In addition, we have investigated the texture of W under nonhydrostatic
compression up to the highest pressure of 96 GPa using the software package MAUD (Material Analysis Using
Diffraction). It is convinced that the plastic deformation due to stress under high pressures is responsible for the
development of texture.

1. Introduction

Tungsten (W) has been the focus of an intense research effort in
previous dynamic and static compression experiments because of its high
bulk modulus and strong X-ray diffraction (XRD) signal [1-4]. Hixson
et al..s’ [1] obtained the bulk modulus as 280(9) GPa with shock
compression. Ming and Manghnani [2] derived the zero-pressure bulk
modulus Ky = 307(11) GPa with its pressure derivate K’ fixed at 4.32
from high pressure x-ray diffraction (XRD) data with methanol-ethanol
mixture in the volume ratio of 4:1 as the pressure transmission me-
dium. Dewaele et al. [3] performed the high pressure XRD and obtained
Ky = 295.2(3.9) GPa and Ky = 4.32(1.1) from high-pressure XRD in
diamond anvile cell (DAC) with helium as the pressure medium. Ma et al.
[4] performed high-pressure diffraction study of nanocrystalline W to
31 GPa and obtained a bulk modulus of 318(14) GPa with Ky’ = 3(1)
using methanol-ethanol mixture in the volume ratio of 4:1 as the pressure
transmission medium. In addition, W, Mo, Cu, etc are used to calibrate

the ruby fluorescence pressure scale [3,5], which is a widely used sec-
ondary pressure scale for DAC experiments. The effect of shear strength
on compression curves is one important source of error in the ruby scale
[6]. As well as Re, W has been used for the gaskets in diamond-anvil cells
[7,8] and high-pressure apparatus [9,10] because of its high strength.
The yield strength of W and its alloy have been widely investigated in the
shock compression [11-16] and static compression from XRD [17]. It is
interesting to note the loss of yield strength in W under shock compres-
sion compared with RXRD experiments performed by He et al. [17].

In this study, we have investigated the W sample under non-
hydrostatic compression using angle-dispersive RXRD technique in a
DAC. Together with the lattice strain theory [18,19], as well as the
calculated high-pressure shear modulus, equation of state, the strength
and texture of W up to a confining pressure of 96 GPa have
been obtained.
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Fig. 1. (a) Diffraction pattern of W at 45 GPa. (b) Selected diffraction patterns of W under nonhydrostatic compression taken at y = 54.7°. The pressures are determined from ruby marker.
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