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< GSECARS, University of Chicago
Research Professor, Yanbin Wang

The COVID-19
pandemic has

25 B R
~-A53xim e

GBS A ﬂ

significantly

impacted lives
in the whole
world. After
my February /
March 2019
visit to GRC, 1
have not been able to come to Matsuyama to

meet my colleagues and friends, unfortunately.
But life goes on one way or another, so does
scientific research.

In an issue of the GRC Newsletter in 2016,
strength of

I gave a report on



polycrystalline diamond composites (PCDCs)
using NPD as deformation pistons, a project
with GRC staff
members. The current report is extension of
that study, completed last year,
deformation of NPD itself, wusing NPD as
deformation pistons. This is an international
collaboration with Profs. Tetsuo Irifune,
Hiroaki Ohfuji, and Dr. Toru Shinmei at GRC,
Prof. Bin Wen of University
(Qinhuangdao, China), Dr. Norimasa Nishiyama
(now at Sumitomo), and Drs. Feng Shi (now at
China Wuhan,
China), Tony Yu, Timothy Officer, Julien Gasc
(now at Fcole Normale Supérieure, Paris,
and myself at GSECARS of the

in close collaboration

on plastic

Yanshan

University of Geosciences,

France),
University of Chicago.

To measure the strength of NPD under high
pressure and temperature in-situ, we rely on
the so—called lattice strain, defined for any
diffraction line with an index hkl, as

Erae () = 2 Wkt _ g (1~ 3sin?y) (1)

dp(hkl)
where ¢ 1is the azimuth angle measured in an

area detector (0° being perpendicular to the
vertical maximum principal stress), dwa (&)
is the lattice spacing at a given P, T, and
stress, and dyqx) is the hydrostatic dpg under
the P-T condition. Differential
calculated from the Q factor in Eq. (1) using
an appropriate shear modulus. A striking
feature of NPD after ~5% strain is the
of lattice strain,
showing severely flattened bottoms
plotted as a function of diffraction azimuth
angle (left panel of the figure). The
conventional fit (black thin curve in the
inset) using Eq. (1) fails to describe the
observed behavior.

stress 1is

unusual  “saturation”

when
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Transmission electron microscopy (TEM),
conducted by Prof. Ohfuji on recovered
samples, reveals several interesting

very few free
large plastic
deformation, (2) nanotwinning increases with
plastic strain,

there are
after

features: (1)
dislocations even

and (3) nanograins develop
domain structures with small misorientations.
The last
interesting, as numerous recent studies have

observation is particularly
shown that as grain size is reduced to a few
100  nm, lattice
increasingly important mechanism for plastic
deformation

rotation becomes an

in nanostructured metals and

oxides. Our study suggests that lattice
rotation is also an important mechanism for
plastic deformation 1in strong covalent

This is the first
time when lattice rotation is observed in

nanomaterials like NPD.

diamond. These conclusions are supported by
molecular dynamics (MD) simulations conducted
by Prof. Bin Wen.

Because of the unusual shape of the lattice
strain, a correction scheme was developed for
evaluating the strength of NPD. In the right
panel of the figure, blue symbols are
strength data of NPD at 1473 K (~10 GPa).
Deformation of NPD is divided into three
illustrated by the red curve.
is elastic. The lack of existing
dislocations in the

stages as
Stage 1
defects
undeformed material requires higher stress to
Stage 2 is dominated by
which further strengthens the
with rapid increase in strength.

such as

create new defects.
nanotwinning,
material,
Stage 3 is dominated by lattice rotation. As
a result, the overall strength of NPD is
markedly higher than the
polycrystalline diamond

Sumitomo
(PCDC;
deformation is

composite

green symbols),  whose
controlled primarily by dislocation slip,
with continuing strain hardening

This study is the first to quantitatively
evaluate strength of NPD under plastic
deformation at high P and T and should shed
light onto mechanisms of strengthening and
deformation in nanograined polycrystalline
diamond. Our manuscript has been submitted to
ASC Nano and is currently under review. I am
grateful to all collaborators, especially
those at GRC, for their valuable

contributions to this study.

* NN KRFERZIREFH R
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Greetings, dear GRC members, today (Feb
12th) is the first day of the lunar year 2021.



For the past year was extremely abnormal, I
wish you a normal but happy new year.

I stayed at GRC for
7 years since Nov 2013
as PhD
student and

foreigner
post—
Thanks to my
Prof.
Irifune, and many
other GRC members, 1
did enjoy

doctor.
supervisor,

very
in GRC
and also Matsuyama.
I used high-
In the
I got my

peaceful time

When I was a master student,
pressure presses to make diamonds.
second year of the master course,
first opportunity to come to Japan and visit
Muroran Institute of Technology as short—term
exchange foreigner student. It 1is this
journey that impressed me with the beauty of
Japan and the wuniversity education and
research. At that moment, I found the will of
learning more about Japan and science. Also,
at that moment, I started to know the nano-—
polycrystalline diamond synthesized by Prof
Irifune’ s group. Then I wrote short messages
to Prof. Irifune and inquired the possibility
of entering his group. So luckily, I thought
I was too small to notice and also my messages
should be abrupt, while Prof. Irifune
responded positively and approved my
application soon. So, after I finished my
I joined Prof. Irifune’s team
and became a member of GRC.

master course

The beginning is always the most difficult
First, I turned to start
learning Earth science. I got to be
used to the multianvil technique and many
other experimental and analytical devices.
I really

part for many things
Second,

Although neither were easy for me,
enjoyed the learning and training process,
since GRC gathers many
provides excellent conditions for research.
Indeed, the experiments were my favorites,
although a bit tough. Until my graduation, I
finally established my experimental tricks
and style by many tests,
following many suggestions, and “spying”, and
started to be satisfied with the quality of
my experiments.
In GRC, 1
relatively cheap multianvil experiments, but
at quite high temperatures above 2300 K.
However, such high temperatures were not so
easily generated previously. Benefitting from

smart brains and

self*consideration,

used to do quite simple,

the quite high temperatures, we luckily got
the chances to meet a series of new aluminous
silicates at high pressures. They are the Na
end—member of  CaAl,Si.0;;  (CAS)
Ko.2Nag sA1Si30s hollandite, two Al:SiOs; phases,
and an Al,Si»0; phase. These are the main
products that I obtained in GRC.

At the end of Nov 2020, I left GRC for new

challenges in Prof. Kubo's group of Kyushu

phase,

University. Although my leaving was a little
abrupt, it is better for me to do something
different outside GRC, since I have already
stayed at GRC for 7 years. In the past, I did
many simple, repetitive experiments. From now
on, I may do some well-designed and much more
complicated experiments. Prof. Kubo also runs
a pretty good laboratory. I will be happy to
work in his group.

I have been in Kyushu for about 2 months.
My life in Japan is quite simple, so the new
environment did not trouble me at all. On the
contrary, 1 like the open and a little wild
field around the university s campus where I
can find peace as well. By the way, there is
a place
photo).
me. The first two symbols represent me and
Prof. Irifune, and the last one forecasts the
bright future on my head. Let us see in the
future. Thank you very much again.

named “Susenji” nearby (see the

This place name somehow relates to
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My research is focused

on understanding local

structure in silicate
glasses, melt and aqueous
relevant to geochemical
processes. 1 have been
using X-ray absorption
spectroscopy (XAS) as a

major tool to study these

properties in—situ at
high temperature and pressure using diamond
anvil cells. The access to nano—

polycrystalline has opened fantastic new ways
in studying these systems as XAS is spoiled
by the Bragg peaks of the single—crystal
diamond anvils, particularly EXAFS
impossible. With the NPD-anvils
provided by Prof. Irifune through the GRC-
PRIUS program and with Dr. Angelika Rosa of
the XAS beamline BM23 at ESRF we were able to
investigate the local structure of Ge 1in
chemically complex germanate and Ge—doped
silicate glasses up to 165 GPa (Krstulovic et
al. 2020, 2021), which is to my knowledge
among the highest pressure reached for EXAFS
Ge and Si in these
glasses tetrahedral to
octahedral coordination at pressures between
20 and 60 GPa. At higher pressures, our data
show that the coordination number of Ge does
change further up to the

investigated and the polyhedron
compression behavior distinct from that
simple GeO,. Further, we could, for first time,
constrain the of Sr in
silicate glass up ca. 45 GPa, which also shows
a significant increase in coordination number
(6 to ca. 9, Krstulovic et al. 2021). Finally,

we have measured for the first time XANES
spectra during laser—heating up to ca. 4000
K at ID24, ESRF, showing that the transition
from tetrahedral to octahedral coordination
in the melt is shifted to lower pressure at
high temperature (Krstulovic et al. in prep.).

i.e.
becomes

on this type of glass.

convert from

not pressures

shows a
in

local structure

M., Rosa A.D., Biedermann N.
Spiekermann G., Irifune T., Munoz M., Wilke

M. (2020), Ge coordination in NaAlGesOs glass

Krstulovic

10

upon compression to 131 GPa. Physical Review
B. 101, 214103. doi: 10.1103/PhysRevB. 101. 214103

M., Rosa A.D., Biedermann N.,
T., Wilke M. (2021), Structural
changes in aluminosilicate glasses up to 164
GPa and the role of alkali,
in the densification
mechanism. Chemical Geology, 560, 119980.
https://doi. org/10. 1016/ j. chemgeo. 2020. 119980

Krstulovic
Irifune

alkaline earth

cations and alumina

( Max  Wilke Professor, Institute of

Geosciences, University of Potsdam)
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W <5 MAD
[N S HNAT
& vm @ Sumitomo

A

The first time I heard about PRIUS was in
2014, when I was about to move from Carnegie
Institution for Science to join colleagues at
the Geodynamic of Ehime
University as postdoc. This research program

Research Center

appeared to me as a valid opportunity to work
on fundamental aspects of the petrology of
the Earth’s interior by performing experiments
with MADONNA press at GRC. As I am very
interested in the oxygenation of the deep
mantle through time and its implications on
the mobilization of carbon to form diamonds
and CO,—rich magmas, the possibility to
perform experiments at pressures greater than
25 GPa has been a unique opportunity, but
also a great honor due to the high cost of
the  employed diamond
necessary to generate very high pressures.
Along with the technical support of GRC
collaborators, able to synthesize
mineral assemblages consisting of bridgmanite,
FeNi diamonds and
carbonates that are representative of a lower
mantle oxidised by interaction with subducted

sintered anvils

I was

ferropericlase, alloy,



COy—rich fluids.
Sapienza University of Rome at the end of
2015, PRIUS has supported my visit but also
the visit of some of my students that were

Since I became professor at

happy to get in touch with the international
scientific environment at GRC, and learn a
bit of experimental petrology. Over these
years, my scientific interests have expanded
to the rheology of volatile-rich magmas,
of the subducted slab
planetary geology. I am very grateful to
to all the

GRC  for

mineralogy and

and
the

Irifune—sensei
of

Director

scientific members

establishing and sustaining the PRIUS program.

Thanks to the of PRIUS
collaborative research projects, I will be
able to collaborate with GRC colleagues also
during the COVID-19 pandemic.
Stagno : Associate Professor, Department of
Farth Sciences, Sapienza University of Rome)

different types

(Vincenzo
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LD ET,

FZTHED I N—FTIiL, A% DRNEBSE
1% P38 L 72H:0-CHy-NHs R 2 5 1T AMHOD =il i ) 1=
FEER, SONTERERICEST YA X
DONEHEIER L ORKA X v DORFEOHRE 21T 9
72O DA% % TE | PRIUSILFEIFIH TldmEi
I TIZ3 T DMAD R - EFE 2 HErd 2k
TN FIEL 72D T~ 0t & A EGDACE F]
HE ORI OGBSI EIT> TWET, AiF
FEIX IR RFLOREIRS A (R30S H 263E) &
SERZFONHBIRSA (BF2ESAKET) O
NFRSUFFE CH B D720 5 LR THRE L7223 B
HOHTEXELEN 2AORNLH Y, BHEETIC
MHO ZE IR & EAEEE RS & EiR s B L EMEIC B 257
VE=T OB R LT LR 2R T DI
FE o5 TCWET (Kadobayashi et al. (2020) J.
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GRC image contest 2020: “Under the pandemic”
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