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ABSTRACT

X-ray computed microtomography (XCT) has been a very promising and exciting technique for high pressure (HP) science since the
introduction of the first HP setups optimized for tomography in the mid-2000s. Different experimental stations are now available using
diamond anvil cells (DACs) or large volume presses, with their own benefits and limitations: access to very high pressures but at room tem-
perature on one hand, high temperature (HT) at moderate pressures on the other, and slow acquisitions being an undesired common point
between all techniques. We believe that we are at a turning point where current and future developments boost the interest of the technique
for the HP community. Time-resolved experiments, with less than 1 s per tomogram, will become routinely available. Fast tomography will
greatly reduce the problem of motion artifacts at HT, allowing new topics to be explored. Computing and data treatment issues must be
taken into account to effectively exploit the large volumes of data produced. Foreseeable developments will allow higher pressures to be
reached in larger volume presses and higher T in DACs. Furthermore, improved XCT resolution in large samples (several hundreds of um
in diameter) recorded in situ will offer to be an effective alternative to ex situ microscopy.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0008731

1. INTRODUCTION

X-ray computed tomography (XCT) is a powerful non-
destructive technique used to reconstruct 3D images of the internal
structure of objects with a high spatial resolution, from 1 mm down
to a few tens of nanometers. Basically, the technique consists in col-
lecting radiographs of the sample at multiple angles, which are
then used to compute the 3D internal structure of the object. The

high flux and partially coherent parallel beam produced in synchro-
trons can generate high quality images in a much shorter time-
frame, at an energy that can be easily tailored to the sample nature
and experiment needs.”” Monochromatization of the beam removes
beam-hardening artifacts, a phenomenon linked to the selective
attenuation of lower energy photons in a polychromatic beam. The
partially coherent beam provides phase contrast, allowing very subtle

fact that the sample is generally not damaged during the imaging
process is one of the major features of the technique that makes
possible the study of not only living specimens or precious/unique
objects but also of in situ phenomena as in material science, for
example. From its development in the late 1960s through the late
1980s," the technique has massively grown in popularity, in line
with the advances in detection, computing power, and storage
capacity. It is now routinely used in medical science, biology, pale-
ontology, materials science, engineering, geophysics, and environ-
mental science. Two main types of systems are available: laboratory
systems using x-ray tubes and synchrotron-based experimental sta-
tions. While both types of instruments have progressed rapidly, the

structural changes in the sample to be detected in a way that some-
times traditional microscopy cannot. This has revolutionized certain
scientific fields such as paleontology in the last few decades.

The strengths of the technique for high pressure science
are obvious. All types of microstructural changes and volume mod-
ifications are expected from samples undergoing compression:
deformation, phase transitions, melting, flow, and redistribution of
phases. Applications in many different fields are huge: geophysics
(igneous petrology, rheology, equations of state of liquids, and
amorphous materials), chemistry (phase transitions), and materials
science (microstructure, damage). While XCT on recovered samples
has proven to be very efficient,™ some of these phenomena can

J. Appl. Phys. 127, 240901 (2020); doi: 10.1063/5.0008731
Published under license by AIP Publishing.

127, 2409011



Journal of

Applied Physics PERSPECTIVE

scitation.org/journall/jap

Advanced polymer dielectrics for high
temperature capacitive energy storage

Cite as: 3. Appl. Phys. 127, 240902 (2020); doi: 10.1063/5.0009650

Submitted: 1 April 2020 - Accepted: 6 June 2020 -
Published Online: 23 June 2020

®

CrossMark

Eﬁ
"R e,

View Online Export Citation

Yao Zhou ) and Qing Wang?’

AFFILIATIONS

Department of Materials Science and Engineering, The Pennsylvania State University, University Park, Pennsylvania 16802, USA

2 Author to whom correspondence should be addressed: \wang@matse.psu.edu

ABSTRACT

Dielectric polymers are critical to meet the increasing demands for high-energy-density capacitors operating in harsh environments, such as
aerospace power conditioning, underground oil and gas exploration, electrified transportation, and pulse power systems. In this perspective
article, we present an overview of the recent progress in the field of polymer dielectrics for high temperature capacitive energy storage appli-
cations. Particular attention is placed on the underlying physical mechanisms of the rational design and the material structure-dielectric
property-capacitive performance relationship. The scientific and technological challenges that remain to be addressed and the opportunities

for future research are also presented.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0009650

I. INTRODUCTION

Dielectric materials are the basis of a fundamental electric
circuit element, dielectric capacitor, which can be found in almost
all electric circuits."™ Dielectric capacitors are used to control and
store electric charge and electrical energy in electrical and elec-
tronic devices,”® such as electric power converters, pulse power
systems, and electric power systems. For example, dielectric capaci-
tors convert the DC electricity from sources such as batteries to AC
electricity in the power inverters of hybrid electric vehicles (HVEs),
in which motors are driven by AC power.” Compared with their
ceramic counterparts, polymer dielectrics possess the intrinsic
advantages of high breakdown strength, low energy loss, excellent
mechanical flexibility, great reliability, low cost, and being light-
weight, which make them an ideal material choice for high-energy-
density capacitors.”™ "

With the booming demands for capacitors with applications
in various extreme conditions,"’ e.g., aerospace,l"1 underground oil
and gas exploration,'” electrified transportation, and advanced elec-
tromagnetic systems,'® there is an urgent need for dielectric capaci-
tors capable of functioning efficiently under elevated temperatures
and high electric fields. For example, the near-engine temperature
in HVEs can reach above 140 °C. The utilization of wide bandgap
semiconductors, e.g., silicon carbide (SiC) and gallium nitride
(GaN), boosts the operation temperature of capacitors used in
future power electronic devices beyond 150°C.'° However, the

state-of-the-art biaxially oriented polypropylene (BOPP) film can
only operate under 105°C."” A secondary cooling system is thus
required to accommodate the BOPP-based capacitors in the
harsh-environment applications,'® which unfortunately introduces
extra volume, weight, and energy costs.'”™*' In some applications,
the temperature requirement of capacitors is even more challeng-
ing, e.g., the operation temperature for capacitors used in under-
ground oil and gas exploration and electrified aircrafts can exceed
200 °C and 250 °C, respectively, which makes the additional cooling
system very costly or even impossible.

To meet the urgent demands of high-temperature high-
energy-density capacitors, extensive research on high temperature
polymer dielectrics has been conducted.””*° Typically, there are two
main obstacles to the development of high temperature polymer
dielectrics. One is the low thermal stability, and the other is the large
conduction current under high temperatures and high electric fields.
The thermal stability of polymer dielectrics is relatively low because
of their low glass transition temperatures, which not only restricts
the operation temperature of polymer dielectrics but also decreases
the dielectric performance at high temperatures. A general strategy
to improve the thermal stability of polymer dielectrics is to introduce
rigid components in the structures, such as aromatic rings, heteroar-
omatic rings, hydrogen bonds, and high-strength chemical bonds. A
variety of high thermal stability polymers have been exploited as
high temperature polymer dielectrics, including polycarbonate (PC),

J. Appl. Phys. 127, 240902 (2020); doi: 10.1063/5.0009650
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