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Call for contributing
editors for ACerS-NIST
Phase Equilibria
Diagrams Program

Professors, researchers,

The general editors
/' of the reference series
Phase Equilibria Diagrams
are in need of individuals
from the ceramics commu-
/ nit}f to critic:ally evalua.te.
/" published articles containing
phase equilibria diagrams.
Additional contributing editors
are needed to edit new phase
\/ / diagrams and write short commen-
—7 taries to accompany each phase
/  diagram being added to the reference
/' series. Especially needed are persons
knowledgeable in foreign languages
including German, French, Russian,
Azerbaijani, Chinese, and Japanese.

RECOGNITION:

The Contributing Editor’s name will be
given at the end of each PED Figure that
is published.

QUALIFICATIONS:

Understanding of the Gibbs phase rule
and experimental procedures for deter-
mination of phase equilibria diagrams
and/or knowledge of theoretical methods
to calculate phase diagrams.

COMPENSATION for papers
covering one chemical system:

$150 for the commentary, plus $10 for
each diagram.

COMPENSATION for papers covering
multiple chemical systems:
$150 for the first commentary, plus $10

for each diagram.

$50 for each additional commentary, plus

$10 for each diagram.

FOR DETAILS PLEASE CONTACT:
Kimberly Hill

NIST MS 8520

Gaithersburg, MD 20899, USA
301-975-6009 | phase2@nist.gov

American
Ceromic
Society
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O deciphering the discipline

A regular column offering the student perspective of the next generation of ceramic and glass

scientists, organized by the ACerS Presidents Council of Student Advisors.

Entropy-inspired materials design for next-generation electroceramics

Our increasingly digital world requires the development of
new electronic devices that process data faster, resist overheat-
ing, and are economical to manufacture. To that end, materials
scientists must develop higher performance dielectric and fer-
roelectric materials, which serve as the backbone of data process-
ing and memory storage components within electronic systems.

High-entropy materials have enabled access to a broader
compositional selection space and improved functionalities for
electroceramics.! “Entropy” refers to the number of configu-
rations in which different chemical species may be arranged
within a material’s structure. High-entropy materials possess
numerous potential configurations within a single-phase struc-
ture. The configurational complexity promotes extended solid
solubility and phase stability, while the diverse chemistry gives
rise to unique and tunable properties.

As a member of the Maria Group at Penn State, [ use an
entropy-inspired design approach to develop novel oxide
electroceramics. Specifically, I study the interplay between con-
figurational entropy and electrical properties in the A.B,O,,
(A = Zr, Hf; B = Nb, Ta) disordered oxide family across length
scales, from bulk ceramics to thin films.

These oxides, modeled in Figure 1, present a unique oppor-
tunity for entropy engineering. They host multiple constituent
cations on a complex sublattice with three types of sites (6-, 7-,
and 8-fold oxygen coordinations), which allows for many pos-
sible structural and chemical configurations. Moreover, 7-fold
coordination sites are closely associated with ferroelectric
behavior in HfO,, a structural relative to A B,O,..” Despite
this potential, the electronic properties of A B,O . phases have
hitherto remained unstudied.

To elucidate the structure-property relationships in A .B,O,.
phases, we first improved our understanding of the material’s
structure by assessing the degree of disorder on the cation sublat-
tice. We did so by leveraging in situ and ex situ X-ray diffraction
to study the A .B,O,. phase formation behavior in bulk ceramics
at high temperatures (up to 1,300°C), as minimum stabilization
temperatures are dependent on the degree of cation disorder.?

Our observations support the cation-disordered model of the
AB,O,, phases and demonstrate extended solid solubility consis-
tent with high-entropy effects,* making this system interesting for
further exploring the interplay between entropy and properties.

Turning to electronic properties, we measured high dielectric
permittivities converging to approximately 60 while retaining
low loss values in the 10~ range in the bulk regime for ternary
AB,O,, phases. Similar values were obtained for thin films pro-

uced via sputter deposition from dense bulk ceramic targets.

These measurements, which will be published soon within
a journal article, suggest contributions to polarizability arising
from long-range interactions and hint at potential ferroelectric
responses. We are now exploring the structure and property
effects derived from additional cation species.
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Figure 1. The compositional complexity, structure, and site disorder of
A,B,O,, disordered oxides make these materials attractive as poten-
tial high-entropy electroceramics. Adapted from Reference 4.

Our results confirm the potential of A B,O,. disordered
oxides as promising electroceramics. More broadly, they illustrate
the viability of using entropy-inspired design to develop new
functional materials for electroceramic and other applications.
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Jackson Spurling is a Ph.D. candidate in the Department of
Materials Science and Engineering at The Pennsylvania State
University, working in Jon-Paul Maria’s group. His research
focuses on high-entropy and disordered oxides for electroce-
ramic applications. Outside of the lab, Jackson is an avid fan
of Penn State Nittany Lions Football and enjoys hiking in the
Appalachian Mountains of Central Pennsylvania, ¥

www.ceramics.org | American Ceramic Society Bulletin, Vol. 103, No. 2

Jackson Spurling

Guest columnist

Credit: Spurling et al., J. Mater. Sci.
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Center for

Advanced
Ceramic
Technology

Scientific and technological advances shape the face of industry
today. Engineers, technologists, and managers need to keep up
with the swift changes in the field, meaning they must be
lifelong learners. Each summer, Alfred CACT seeks to increase
individuals' expertise in the field of ceramics and glass through
its industrial short course offerings. CACT can work with you to
develop custom content that can be conducted either on
campus or at your site, or join us at one of the following
programs, currently accepting registrations.

Fracture Analysis & Failure Prevention of Glass and Ceramics
When:June 10 - 14, 2024

Instructors: Dr. James Varner, Professor of Ceramic Engineering
Emeritus at Alfred University and Dr. Jeffrey Swab, Senior
Research Scientist with the Army Research Laboratory, Aberdeen

Proving Ground.

Computational Methods for Glass & Ceramics

When: July 15 -18, 2024
Instructors: Dr. Collin Wilkinson, Assistant Professor of Glass

Science at Alfred University and Rebecca Welch, Visiting Scholar
at Alfred University.

For course outlines and registration details, visit:
www.alfred.edu/about/community/short-courses/

Alfred Universit
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For more information visit:
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