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My name is Shengxuan
Huang. I joined the
Theoretical Mineral
Physics Group at GRC
as a JSPS postdoctoral
researcher at the end
of September, 2022.
Before coming to GRC,
I studied wunder the
supervision of Prof. Shan Qin and Prof. Xiang
Wu at School of Earth and Space Sciences,
Peking University, where I obtained the
bachelor degree in 2015 and the Ph.D. degree
in 2021 in
environmental mineralogy). I worked as a Boya
postdoctoral researcher at the
department after graduation. My research area
and interests are focusing on interactions

geology (geomaterials and

same

between iron and volatiles in the Earth’s and
planetary interiors, offering insights into
the evolution and habitability of terrestrial
planets from the geophysical and geochemical
points of view.

During my Ph.D. period, I employed
synchrotron-based XRD combined with DAC
techniques as well as first-principles

calculations to investigate the storage of
nitrogen in the deep Earth
because our silicate Earth is depleted by an
order of magnitude in nitrogen in comparison
with other volatiles, which is the so—called
Farth’s “missing nitrogen mystery’ .
found that (i) the metallic

inaccessible

We have
iron of the

reduced mantle has the capacity to
concentrate nitrogen from the subducted
slabs; (i) iron carbonitrides with diverse

structures are likely the main host for
nitrogen in  the

encapsulated heterogeneously 1in

reduced mantle and
superdeep
diamonds; @ii) carbon and nitrogen should be
considered as a whole regarding their effects

on the structure and properties of planetary



core materials. These studies imply that the
FEarth’s missing nitrogen could exist as the
Fe-N-C compounds in the current deep Earth if
only a small amount of nitrogen degassed and
escaped to space during the Earth’s formation
stage.

It should be pointed out that our previous
studies cannot precisely answer the
distribution of nitrogen in deep reservoirs.
Core—mantle differentiation is one of the
most significant processes controlling the
initial distribution of nitrogen in the early
Earth. Therefore, motivated by previous
results, I intend to explore the partitioning
behavior of nitrogen between the metallic
melt and silicate melt at high pressure-
temperature conditions relevant to the core—
mantle differentiation. This will provide a
more complete picture of the fate of nitrogen
in terrestrial planets through geologic
periods and shed lights on the delivery of
volatiles to our planet. However, it 1is
rather challenging to correctly measure
partition coefficients at extreme conditions
either experimentally or theoretically,
especially for volatile elements, such as
At GRC, 1 work with Prof. Taku
Tsuchiya who has done pioneer work in this
field and developed a complete method to

the partition

nitrogen.

compute coefficients of an
element under various chemical and physical
conditions. We Dbelieve that with the
of this project, we will
quantitively answer the Earth’s “missing nitrogen
mystery’ and have a better understanding of the

of Earth and other

accomplishment

formation processes
terrestrial planets
I would like to give my sincere thanks to
Prof. Taku Tsuchiya who gave me the opportunity
to work in TMPG. I also thank other TMPG group
members including Prof. Jun Tsuchiya, Prof.
Dekura, Dr. Ritterbex, Ito—san, Kitaguchi-san,
Nakagawa—san and Nishiyama—san for their warm
welcome and insightful discussion. Finally,
I really appreciate the help from Miyamoto-—
san and Shiraishi—san without whom I could
settled down 1in Matsuyama and

initiate the research project smoothly.

not have
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% Sound velocities in the deep lunar mantle

The Moon has undergone differentiation and
is composed of a crust (35~45 km), a mantle,
and a small metallic core (< 350 km), as shown
in Figure 1lc. The composition of the lunar
interior is largely unconstrained; however, the
deep lunar mantle is likely to be composed to
olivine (ol), pyroxene (px), and garnet (gt)
(Wieczorek+ Rev. Mineral Geochem. 2006; Taylor
Geochim. Cosmochim. Acta 2014). Recent studies
on the crystallisation of the lunar magma ocean
(LMO) that garnet may play a
significant role in the deep lunar mantle
(Jing+ Earth Planet. Sci. Lett. 2022; Kraettli+
Icarus 2022, Johnsont Earth Planet. Sci. Lett.
2021, Elardo+ Geochim. Cosmochim. Acta 2011).
Understanding the sound velocities of realistic

indicate

lunar mantle aggregates is critical for the
interpretation of lunar seismic velocity models,

and constraints on the temperature and
composition of the planetary interior.
Aggregates of lunar mantle composition, shown
in Figure la and 1b, containing a significant
proportion of garnet, alongside olivine and
orthopyroxene, were synthesised from glasses
at high pressure and temperature using the

multi—anvil press. In situ experiments were

carried out at BLO4B1 at SPring—8 where
combined measurements of ultrasonic
interferometry, X-ray diffraction, and X-ray

radiography were taken. These measurements

were taken at a range of temperature and
pressure conditions of relevance to the deep
lunar interior.

Figure1:
(a)Polished starting
material
(b)Back-scattered
electronimage of
starting material
(c) The lunar interior

The results are shown in Figure 2, where
global fits to P-T-Vp,Vs are shown alongside
velocity models from the
This study is indicated with the
solid line and seismic velocity models from the
with dashed

Crosses indicate models at 300 K alongside the

lunar seismic

literature.
literature are shown lines.
fitted data and seismic velocities; these are
calculated using finite—strain EOS to determine
the elastic moduli and densities of each
mineral, combined with their phase proportions.
These sound velocities in deep lunar mantle
compositions allow us to draw compositional
constraints on the lunar interior, and indicate
the possible presence of garnet dependent on

the lunar thermal profile. (Marisa Wood)

- Seldinner Cpee,
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< Crystal preferred orientation of phase D

suggests that
the mantle transition zone

Growing evidence
subducted slabs,
and uppermost lower mantle are seismically
anisotropic (Vg > Vi), especially near Tonga
(Chen and Brudzinski, 2003; Ferreira et al.,
2019; Lynner and Long, 2015; Nowacki et al.,
2015). In view of the dynamic process of both
the mantle and subducted slabs, it is
believed that crystallographic preferred
orientation (CPO) of minerals constituting
mantle and slab probably accounts for this
kind of observed seismic anisotropy in the
deep mantle. In cold subducting slabs,
antigorite will transform into a series of
hydrous so called dense hydrous
magnesium silicate (DHMS), which could stably
in cold subducting slabs where the

near

minerals

exist

geotherm are relatively low, playing an
important role in water transport into deep
Among these DHMSs, phase D can be
probably stable at conditions of the lower
part of transition zone and the upper part of
lower mantle. Its layered crystal structure
where MgOs octahedron interlayered with SiOs

octahedron

mantle.

layers renders phase D an

anisotropic mineral both in rheology and
elasticity, making their properties
profound influence on dynamic of subduction

Therefore,

have
zones. phase D is expected to be
a good candidate to shed some light on these
phenomena owing to its relatively high shear
wave anisotropy even at higher pressure up to
48 GPa (Mainprice et al., 2007; Tsuchiya and
Tsuchiya, 2008).

(2013) first reported that phase
D can easily form CPO where (0001) planes
perpendicular with first principal
direction under the conditions up to 48 GPa
and room temperature based on DAC apparatus.
However, the

Rosa et al.

stress

influence of temperature and
stain rate have not been taken into account.
By using D111-type deformation apparatus, we
have conducted uniaxial deformation on the
synthesized Mg—phase D (Mg, 12Si1.97H;. 570s) under
20 GPa and 500~1000°C, with strain rate of
3.54 X 10°%~3.69 X 10® s, which is close

Prismatic Basal
(1010) (1120) (0001)

2110] .
Undeformed
hD Max=2.01 |,

J=1.144

20GPa,1000° C
M=0.024 L

£=0* £=0s"

0001 1210,
Uniaxial '
deformed phD Max=3.16
20GPa,1000°C
, J=1.561 | e
£~0.40 M=0.086 W I
£~3.69"10"s" Max Va Anisotropy=2.4%

Pole figures of Mg- phan D’'s CPO and shear wave anisotropy

to the condition of mantle transition zone.

The consequent CPO of the deformed samples
were acquired using 2D-XRD method because the
crystals of phase D are too fragile to form
Kikuchi band after exposure of accelerated
electron beam. The refined results show
maximum of (0001) poles generally along the
first principal with
various intensities which are proportional
with strain (0.04-0.4), and the final CPO
have the
correlation with the increased temperature.
no other type of CPO was observed,
indicating basal slip is still dominant in
the experimental conditions.

The calculated

elastic constants

stress direction,

intensities also positive

However,

seismic anisotropy using
and CPO of Mgphase D
that fast generally
polarize in horizontal plane, which may have
contribution to radial anisotropy of Vg > V.
The shear wave anisotropy can be up to 2.4%,
making the delay time to be 0.22 s if 50 km
of phase D aggregate in thickness in slabs

indicate shear wave

hydrous peridotite was
the phase D with CPO could
possibly be a contributor to the observed
(Wentian Wu : g K 1%

and surrounding
assumed. Hence,

radial anisotropy.
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My research program
is mainly focused on
high-pressure
synthesis and
characterization of
novel energy materials
for  thermoelectric
applications. The
present energy crises
and the increasing
energy demand of our society urge for seeking
new energy sources or increasing the efficiency
of the old ones. However, currently during
energy production more than two thirds of the
This heat
achieving greater

total energy is wasted as heat.

waste prevents energy
efficiency. Thermoelectric devices have the
ability to retransform this heat waste into

electrical energy, and could therefore reduce

the portion of wasted energy [1].
Thermoelectric generators have no moving
parts, require minimum maintenance, and are

much more reliable than most traditional
power generation systems; however, before
this technology becomes widespread, the

conversion efficiency of the thermoelectric
devices needs to be
current ~5% [2]

A promising and innovative approaches to

increased above the

study thermoelectrics are extreme conditions
studies. This type of studies conducted at
high pressure and high or low temperature
permit to explore the structural, electronic
and magnetic properties of these materials
but also permit to emulate the strain—stress
fields that emerges in these materials in
thin film of the final Such
fundamental knowledge at the atomic level is

devices.

needed to finally improve their efficiency.
We have therefore extensively employed X-ray
absorption spectroscopy (XAS) as our main
tool to probe local atomic rearrangements.
XAS is an ideal element selective technique
for probing the local atomic structure and
electronic panoply of
combination  of

properties in a
materials. The unique
synthetic nano—polycrystalline diamond (NPD)
anvils (provided by collaboration with GRC
Ehime University: Prof. T. Irifune and Dr. T.
Shinmei) and diamond anvil cell apparatus
(DAC) was a revolution in the field of HP-
XAS, offering great scientific opportunity
for this community. For my research, I used
the unique beam characteristics provided by
the Extremely Brilliant source of the
European Synchrotron Radiation Facility
(Grenoble, France) and the X-ray absorption
spectroscopy end-station BM23. There, the
NPDs are mounted in special DACs for low—
temperature or high—temperature and high-
pressure  XAS  experiments, see figure
below. [3] These devices are then mounted on
highly optimized experimental stations that
we have improved significantly in terms of
position reproducibility, multi-detection
(XRD, Raman, XAS, XRF) and weight
acceptance, which was necessary to study the
micro—metric samples contained in the DACs
with the highly focused beam available at
BM23 (3X3 um?).
Since the

modes

inauguration of the

ESRF

50 K at 20 GPa
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Extremely Brilliant Source, we have performed
several successful experiments using X-ray

absorption spectroscopy under pressure. For
instance, we characterized the insulator—
metal transition, spin—phonon coupling, and

electron—phonon coupling at atomic level in
thermoelectrics such as TINiOs [4] and PrNiO;
[5] nickelates.
high—pressure

tuning
COSb3

efficiency as the electronic properties are
improved. This mechanism was unveiled by
following the atomic behavior from HP-EXAFS
data at Sb K-edge [6]. We are looking forward
for new developments in the NPDs which could

We also discovered that the
the band structure

in novel thermoelectrics based on
skutterudites,

induces

which enhanced their

allow us to better investigate the local

properties in quasi—hydrostatic
conditions by improving the impermeability of
NPDs to light gases (as hydrogen and helium).
These gases permeate quite often between NPDs
grain boundaries, reducing their stability
and leading to structural failures

(Dr. Joao Elias F. S. Rodrigues, post—
doctoral fellow at the beamlines BM23/1D24,

ESRF-Grenoble, France)
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