(H26 kEX W 2D 1 ,/Style Kou2-1)

FRBXDEE

Abstract of Thesis

TRE | s (BTN

T B ey

Division

FHEES
Student No. 774 24 404

B B iy sk

Name

FhizmXEE Title of Thesis (S S8 H 23 955F D55 X FNER 2 1470)

Silicate liquid at the Conditions of the Earth’s Interior : From Atomic Scale

JFA A =B 5o MIERINERER BT T2 2 7 A BREGI AR O Wi

PHRIMIXDET Abstract of Thesis

Knowledge of the properties of silicate liquid is essentially important in Earth science, metallurgy
and glass industry. The transport properties and densities of silicate liquids at pressure are used for
the study of magmatic process and early Earth process. The silicate liquids appears as slag in
metallurgy. The silicate liquids appears as raw material of glass forming process. The physical
properties such as viscosities, densities, electrical conductivity and more, are reported by various
researchers in various fields. The atomic structure, especially near neighbor structure and network
structure of silicate liquids have been investigated using various spectroscopic method such as X-ray
diffraction, neutron diffraction, nuclear magnetic resonance and Raman scattering, etc. The silicate
liquids composed of corner shared SiO4 tetrahedra and network modifiers such as alkali or alkali
earth elements under atmospheric pressure. It means that the silicate liquids has no three-dimensional
periodic structure but short-range-ordered structure. The properties of silicate liquids at pressure must
be investigated to understand volcanic process and early Earth process. The physical properties of
silicate liquids show peculiar behaviors under pressure. The viscosities of low basicity liquids
decrease with increasing pressure. These shows the softening of silicate liquids at pressure.

I show the relationship between structure and properties of silicate liquids at pressure, and silicate

liquid/ crystal interface in this paper by using force-field molecular dynamics simulations.
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In chapter 4, the relationship between structrue and properties of Na2O-nSiOz2 liquids at pressure
is investigated by using empirical molecular dynamics simulations. The simulated pressure range is
from 0.1 MPa to 10 GPa with NPT ensembles and the potential model taken from my previous work
which well reproduces structures various silicate crystals.

In the compression, Si-O and Na-O distance remains constant, however Si-Si distances shorten
and coordination numbers of O atoms around M atom increase. Adding to those, 3 and 4 membered
rings in =Si-O- network decrease with increasing pressure. Those suggest that densification of silicate
liquids consist of increasing of flexibility of —Si-O- network, bending of Si-O-Si and increase of
coordination number of M atoms. Up to 6 GPa, the decrease of Si-O-Si angle and distrotion of SiOa
tetrahedra in acidic silicate liquids (n<3) are obveously confirmed. Decrease of Si-O-Si angle by
densification causes distortion of SiO4 tetrahedra and weakening of Si-O bonding. These structural
change might cause the softening of silicate liquids under high pressure.

In chapter 5, structure and properties of the forsterite-MgSiOs liquid interfaces are investigated by
using molecular dynamics simulations. It is essential to know the structure and physical properties of
forsterite-MgSiOs liquid interfaces since forsterite is the liquidus mineral of primordial magmas.

By these simulations, characteristic structures in the forsterite-MgSiOs liquid interface are
observed. The layered structure of alternated crystal surface, Si-rich and Mg-rich layers in the
crystal-liquid interface was observed. The layered structure was formed by energy difference between
Si-O semi-covalent bonds and Mg-O ionic bonds. Si-O-Si bridging and free oxygen atoms are
excessively formed and in the near surface since the energy of Si-O bonding is much lower than that
of Mg-O bonding. The difference of layered structure by thickness of MgSiOs liquid film might be
caused by the difference of the degree of freedom of configuration in liquid film. The
two-dimensional diffusivity of oxygen atoms is controlled by two factors. The one is the thickness of
liquid film that decreases oxygen diffusivity with decreasing the film thickness because of decrease of
degree of freedom of configuration in liquid film. The other is composition of sliced layer where
oxygen diffusivity increases with increasing the Mg/Si ratio since Si-O bonding is much stronger than

Mg-O ones.




