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MEETING REGULATIONS
The American Ceramic Society is a nonprofit scientific organization that facilitates 

the exchange of knowledge meetings and publication of papers for future reference. 
The Society owns and retains full right to control its publications and its meetings. 
The Society has an obligation to protect its members and meetings from intrusion by 
others who may wish to use the meetings for their own private promotion purpose. 
Literature found not to be in agreement with the Society’s goals, in competition with 
Society services or of an offensive nature will not be displayed anywhere in the vicinity 
of the meeting. Promotional literature of any kind may not be displayed without the 
Society’s permission and unless the Society provides tables for this purpose. Literature 
not conforming to this policy or displayed in other than designated areas will be 
disposed. The Society will not permit unauthorized scheduling of activities during 
its meeting by any person or group when those activities are conducted at its meeting 
place in interference with its programs and scheduled activities. The Society does not 
object to appropriate activities by others during its meetings if it is consulted with 
regard to time, place, and suitability. Any person or group wishing to conduct any 
activity at the time and location of the Society meeting must obtain permission from 
the Executive Director or Director of Meetings, giving full details regarding desired 
time, place and nature of activity.

Diversity Statement: The American Ceramic Society values diverse and inclusive 
participation within the field of ceramic science and engineering. ACerS strives 
to promote involvement and access to leadership opportunity regardless of race, 
ethnicity, gender, religion, age, sexual orientation, nationality, disability, appearance, 
geographic location, career path or academic level. 

Visit the registration desk if you need access to a nursing mother’s room or need 
further assistance. For childcare services, please check with the concierge at individual 
hotels for a listing of licensed and bonded child care options.

The American Ceramic Society plans to take photographs and video at the 
conference and reproduce them in educational, news or promotional materials, 

whether in print, electronic or other media, including The American Ceramic Society’s 
website. By participating in the conference, you grant The American Ceramic Society 
the right to use your name and photograph for such purposes. All postings become 
the property of The American Ceramic Society.

During oral sessions conducted during Society meetings, unauthorized 
photography, videotaping and audio recording is prohibited. Failure to comply 
may result in the removal of the offender from the session or from the remainder of 
the meeting.

Registration Requirements: Attendance at any meeting of the Society shall be 
limited to duly registered persons.

Disclaimer: Statements of fact and opinion are the responsibility of the authors 
alone and do not imply an opinion on the part of the officers, staff or members of The 
American Ceramic Society. The American Ceramic Society assumes no responsibility 
for the statements and opinions advanced by the contributors to its publications or 
by the speakers at its programs; nor does The American Ceramic Society assume 
any liability for losses or injuries suffered by attendees at its meetings. Registered 
names and trademarks, etc. used in its publications, even without specific indications 
thereof, are not to be considered unprotected by the law. Mention of trade names of 
commercial products does not constitute endorsement or recommendations for use 
by the publishers, editors or authors.

Final determination of the suitability of any information, procedure or products 
for use contemplated by any user, and the manner of that use, is the sole responsibility 
of the user. Expert advice should be obtained at all times when implementation is being 
considered, particularly where hazardous materials or processes are encountered.
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Introduction
This volume contains abstracts for over 850 presentations during the 48th International Conference & Exposition 
on Advanced Ceramics & Composites in Daytona Beach, Florida. The abstracts are reproduced as submitted by 
authors, a format that provides for longer, more detailed descriptions of papers. The American Ceramic Society 
accepts no responsibility for the content or quality of the abstract content. Abstracts are arranged by day, then 
by symposium and session title. An Author Index appears at the back of this book. The Meeting Guide contains 
locations of sessions with times, titles and authors of papers, but not presentation abstracts.

How to Use the Abstract Book
Refer to the Table of Contents to determine page numbers on which specific session abstracts begin. At the 
beginning of each session are headings that list session title, location and session chair. Starting times for 
presentations and paper numbers precede each paper title. The Author Index lists each author and the page 
number on which their abstract can be found.
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Abstracts

large HEC grains with sizes from 1.0 µm to 1.5 µm. The wear char-
acteristics were studied using ball-on-flat technique/dry sliding in air 
with SiC ball as tribological partner at applied loads 5 N, 25 N and 50 N  
with total sliding distance and sliding velocity 500 m and 0.1m/s. 
The friction coefficient values during the test were very similar, 0.57 
in case of 5 N and 0.6 for applied load 25 N and 50 N. The domi-
nant wear mechanisms were tribochemical reaction and tribo-layer 
formation.

2:20 PM
(ICACC-S18-003-2024) Synthesis and Properties of 
(Hf,Mo,Ti,W,Zr)B2-(Hf,Mo,Ti,W,Z)C Dual Phase Ceramics
S. Filipovic*1; G. Hilmas1; W. Fahrenholtz1; N. Obradovic2; S. Curtarolo3

1. Missouri University of Science and Technology, Materials Science and 
Engineering, USA

2. Institute of technical sciences of SASA, Materials, Serbia
3. Duke University, Materials Science, Electrical Engineering and Physics, 

USA
   

Dual phase high entropy ceramics are attractive due to potential 
synergetic effects of the constituents on mechanical properties and 
thermal stability. In this research, dense, dual phase (Hf,Mo,Ti,W,Z)
B2-(Hf.Mo.Ti.W,Zr)C powder was synthesized by varying the 
contents of the transition metals in the final product. The co-synthesis  
method was used to obtain boride and carbide constituents by boro/
carbothermal reduction of mixtures of oxides and appropriate 
amounts of carbon black and B4C. Solid solution formation and 
densification of the reacted powders were done utilizing two step 
spark plasma sintering or hot pressing processes. Phase composi-
tions of the produced ceramics were identified by x-ray diffraction 
while chemical compositions were measured using energy dispersive 
spectroscopy. The final microstructures showed submicron grains 
due to pining effect of the two phases. Investigation of the mechan-
ical properties showed increasing in Vickers hardness values s up 
to 48.6 ± 2.2 GPa for applied load of 0.49N for compositions with 
optimized elemental contents. Room temperature strength was also 
measured.

2:40 PM
(ICACC-S18-004-2024) Densification kinetics of high entropy 
ceramics during spark plasma sintering
S. M. Smith*1; W. Fahrenholtz1; G. Hilmas1; S. Curtarolo2

1. Missouri University of Science & Technology, Materials Science and 
Engineering, USA

2. Duke University, Materials Science, Electrical Engineering and Physics, 
USA

   

High entropy ceramics have been densified by hot pressing and 
spark plasma sintering, but little information is available for their 
densification kinetics. In this study, a (Hf,Nb,Ta,Ti,Zr)B2 high 
entropy boride, a (Hf,Nb,Ta,Ti,Zr)C high entropy carbide, and a 
dual phase ceramic containing both high entropy phases were densi-
fied by spark plasma sintering. The ram travel was used to determine 
the densification rates as a function of temperature. The activation 
energy for intermediate stage densification was determined from 
Arrhenius plots of densification rate data. X-ray diffraction was  
used for phase identification and scanning electron microscopy  
was used to examine the microstructure. Grain size measurements 
were used to determine the densification mechanism for each 
ceramic. This presentation will focus on the densification behavior 
and identification of the densification mechanisms.

3:20 PM
(ICACC-S18-005-2024) Extreme applications of high-entropy 
carbides (Invited)
S. Curtarolo*1

1. Duke University, Materials Science, Electrical Engineering and Physics, 
USA

   

Disordered multicomponent systems - occupying the mostly 
uncharted centers of phase diagrams - have been studied for the 
last two decades for their potential revolutionary properties. Very 
resilient compositions can be stabilized by maximizing entropy 
(configurational and/or vibrational) of (near) equimolar mixtures. 
The search for new systems is mostly performed with trial-and-error  
techniques, as effective computational discovery is challenged by 
the immense number of configurations: the synthesizability of 
high-entropy ceramics is typically assessed using ideal entropy along 
with the formation enthalpies from density functional theory, with 
simplified descriptors or machine learning methods. With respect 
to vibrations — even if they may have significant impact on phase 
stability — their contributions are drastically approximated to 
reduce the high computational cost, or often avoided with the hope 
of them being negligible, due to the technical difficulties posed 
in calculating them for disordered systems. In this presentation I 
will address many of the problems in the discovery of disordered 
systems, offer some data-based effective solutions, and discuss the 
avenues opened by the latter, especially for plasmonic applications.

3:50 PM
(ICACC-S18-006-2024) Synthesis and Characterization of High 
Entropy Carbonitrides (Invited)
L. Backman*2; J. Tsai2; H. Ryou1; E. Patterson1; S. Mills1; J. Wollmershauser1; 
E. Gorzkowski1; J. Maxwell2

1. U.S. Naval Research Laboratory, Materials Science & Technology 
Division, USA

2. U.S. Naval Research Laboratory, Spacecraft Engineering Division, USA
   

The high temperature (T>1700°C), highly chemically reactive envi-
ronments encountered during hypersonic flight present unique 
design challenges for materials scientists. Requirements for these 
materials include melting temperatures greater than 3000°C, high 
thermal and dimensional stability, good thermal shock resistance, 
low reactivity and low coefficients of thermal expansion. Before 
2015, less than 15 elements or compounds were considered to have 
the thermochemical stability to be viable material system candidates 
for this application and development of materials with coinci-
dent mechanical stability (e.g. ductility, toughness) has lagged. The 
recent advent of the high entropy design paradigm has expanded the 
composition space for UHTCs significantly and provided unprece-
dented tunability of mechanical and chemical properties. This is of 
particular interest for hypersonic vehicle designs requiring both high 
temperature oxidation resistance as well as maintaining structural 
and dimensional integrity to maximize aerodynamic performance. 
This presentation will review design strategies for performance in 
high temperature environments and discuss material system candi-
dates, with a special focus on carbonitride high entropy ceramics. 
Experimental work on the synthesis and characterization of high 
entropy carbonitrides will also be presented.

4:20 PM
(ICACC-S18-007-2024) Thermal and Electrical Properties of 
Single Phase High Entropy Carbides with Varying Compositions
P. Brune*1; G. Hilmas1; W. Fahrenholtz1; J. Watts1

1. Missouri University of Science & Technology, Dept. of Materials Science 
and Engineering, USA

   

High entropy carbide (HEC) research is expanding rapidly due to 
their exceptionally high hardness over the baseline of their constit-
uents and the proposed ability to tailor the thermal properties 
with compositional changes. While most of the current body of 
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