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Topics

-High-pressure experiments using large volume press.

-High-pressure synchrotron X-ray experiments combined with
large volume press.



Large volume press

Multi-anvil press Paris-Edinburgh (PE) press
at GRC, Ehime University, Japan at HPCAT, Advanced Photon Source, USA
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New double-stage large volume cell (Kono et al., 2016)
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Sample size in 0.8 mm culet double-stage cell

Diamond anvil culet: 0.8 mm
Sample diameter: 0.3 mm

Sample thickness: 0.15 mm Radiography image at 92 GPa
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Latest advances in ultrahigh pressure generation with large

volume sample
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Topics

-High-pressure experiments using large volume press.

-High-pressure synchrotron X-ray experiments combined with
large volume press.



Synchrotron X-ray facilities

MAX IV ‘
o —
oY

) e

3 = e = nmoYLAB Do

) BESSY (5o

DELYA (Qortmuns)
LLSA (Boon

“a—

B

- X

-~ "™

O NSCRRC (Ta'wan)

) .
.

D - i
HELOS 2/ “.._
irgagone) .

K

Couprie (2014)



APS 16BMB: uniague beamline optimized for comprehensive study of

liguids and glasses at high pressures using Paris-Edinburgh press

-Structure of liquids and
glasses

-Elastic wave velocities
-Viscosity

-Imaging

of liquids

at high pressures and high
temperatures using Paris-
Edinburgh type large
volume press.
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Structure measurement of liquids and amorphous materials

Sample in PEC
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Discovery of ultrahigh pressure polyamorphism in GeO,

glass with coordination number >6

Ultrahigh-pressure polyamorphism in GeO, glass with
coordination number >6

' Yoshio Kono™', Curtis Kenney-Benson?, Daijo Ikuta?, Yuki Shibazaki®, Yanbin Wang®, and Guoyin Shen®

‘. High Pressure Collaborative Access Team, Geophysical Laboratory, Carnegie Institution of Washington, Argonne, IL 60439; ®Frontier Research Institute for
Interdisciplinary Sciences, Tohoku University, Aoba-ku, Sendai 980-8578, Japan; and “Center for Advanced Radiation Sources, The University of Chicago,

a Chicago, IL 60637
N
A—

Edited by Alexandra Navrotsky, University of California, Davis, CA, and approved February 17, 2016 (received for review December 9, 2015)

Vnrnldadaa nf nraceniva_indiirad ctriirtiieal rhanmnc in alaceac ic Rrillanin crattaring in a diamand anuil fall MMAM chaad o Finle

8
7 -
72.5 GPa
49.4 GPa
B

22.6 GPa

Coordination number

W

"B, o

+

t

+

@ This study

© Guthrie et al. (2004)

O Mei et al. (2010)

A Salmon et al. (2012)
® Hong et al. (2014)

Q (A r(A)

20

40

60

Pressure (GPa)

80

100



5(Q)

Structure of Al,0,-Si0, glass near the pressure of CMB
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| @ Ultrahigh pressure structural changes

in a 60 mol. % Al,03-40 mol. % SiO; glass
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Ultrasonic measurement

Signal generator

Kono et al. (2012), RSI, 83, 033905
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Anomaly in elastic properties in type-ll grassy carbon
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Combined elastic
property and 3D
tomography
measurement at
APS, 13BMD
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White X-ray imaging

High-speed camera
¥

L

White X-ray

~“1m
Photron SA3 Prosilica GC1380H
e typically 2.5 or 5.0 um/pixel * 0.95 um/pixel
* uptol120,000 frames/second * <30 frames/second
Purpose Purpose
-Fast imaging (e.g., viscosity) -Static and low speed imaging
-Phase contrast image -Sample shape determination




Fast imaging capability at 16-BM-B

Exposure time: 200 ps 100 ps 25 us 10 ps
(Frame rate) (5000 fps) (10000 fps) (40000 fps) (100000 fps)
Pt sphere in BN cup
No PE cell

In PE cell

The imaging speed is more than 100

v v
times faster than previous ‘high-speed
imaging’ in large volume press (typically
30-60 fps) After brightness adjustment
Kono et al. (2015), RSI, 86, 0722707




Falling sphere viscosity measurement

Density of liquid, is less important
| if density difference between solid

) ~lr2 (p / sphere and liquid is large'.
gr s P (% effect of sample container)

Radius of sphere /

Viscosity 7 = 5
N

1
|

Velocity of falling sphere

e Accurate determination of velocity of falling ball is
essential to precisely determine viscosity of low-viscosity
materials.



Analysis of falling sphere viscosity measurement

(a) Time (ms)
160 180 200 220 240 260

(b) 0.0 14

i Velocity ——> [
=12

-1

*
0.2—<—Dlstance gw’:.ot:o [Velocity errgr

Distance (mm
Velocity (mm/s)

Kono et al. (2014)

I I | I I | I | O
120 140 160 180 200 220 240 260 Nature Comm., 5, 5091
Time (ms)




Ultralow viscosisty of
carbonate melt

Kono et al. (2014)
Nature Comm., 5, 5091
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Ultralow viscosity of carbonate melts

at high pressures
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Other imaging experiments Kono et al. (2015), RSI, 86, 0722707

Sample shape Liquid phase separation
-Sample length Sample: lithium germanate borate

Immediately
Before melting after melting +2 min. +4 min. +6 min. +8 min. +10 min.

Au foil

SiOz glass sample

Cu backing reflector
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cgmprehensuve study of liquids under pressure
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Measurement of structure of

glassy carbon at 49 GPa

9 hours acquisition time for 1 data point
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Measurement of structure of lower Z amorphous solids and liquids
at higher pressures is challenge for the future.



Summary

-Combination of large volume press and synchrotron X-ray measurementis a
powerful tool to investigate structure and properties of liquids and glasses at in
situ high pressure and high temperature conditions.

-Study of structure of liquids and glasses under extreme conditions are still
challenging due to weak X-ray scattering.

-High-brilliance X-ray after the upgrade of synchrotron X-ray facilities such as
ESRF-EBS would open more opportunity to investigate liquids and glasses under
extreme conditions.
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