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Career Opportunities

Business Services
custom finishing/machining

Contact Us Today!
Tel: (845) 651-6600

Email: sales@zircarceramics.com
www.zircarceramics.com

Custom Machining
Five Modern CNC Routers

Two Shifts a Day, Five Days a Week!

Low Mass, High Temp. Products
Ours or Yours!

Free 
Samples!

classified advertising

• Custom forming of 
technical ceramics

• Protype, short-run 
and high-volume 
production quantities

• Multiple C.N.C. 
Capabilities

Ph: 714-538-2524  |  Fx:  714-538-2589
Email: sales@advancedceramictech.com
www.advancedceramictech.com

40 Years of Precision Ceramic Machining
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of Advanced Ceramics  

and Composite Materials
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GET RESULTS!GET RESULTS!
Advertise in the Bulletin and 

Ceramic & Glass Manufacturing

55 Northeastern Blvd, Nashua, NH 03062
Ph: 603-595-7233  Fax: 603-595-9220

sales@centorr.com 
www.centorr.com

Alan Fostier - afostier@centorr.com 
Joe Pelkey  - jpelkey@centorr.com 

CUSTOM HIGH-TEMPERATURE
VACUUM FURNACES

AFTERMARKET SERVICES
Spare Parts and Field Service Installation 
Vacuum Leak Testing and Repair
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Used and Rebuilt Furnaces
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5PECTROCHEMICAL 
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Material Evaluation 

Complete Elemental 
Analysis 

          ISO 17025  Accredited 
Ceramics & Glass - Refractories & Slag 

Metals & Alloys 
XRF - ICP - GFAA - CL&F - C&S 

OES, SEM, TGA 
spectrochemicalme.com I 724-334-4140 

■ Dilatometry ■ Thermal Gradient
■ Firing Facilities ■ ASTM Testing
■ Custom Testing ■ Refractories Creep
■ Glass Testing ■ Clay testing
■ DTA/TGA
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(614) 231-3621  Fax: (614) 235-3699

E-mail: sales@harropusa.com

Thermal Analysis Materials Testing
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laboratory/testing services

Materials Testing Services

• Thermal Properties
• Physical Properties
• Mechanical Properties
• QA / QC Across Industries
• 100+ ASTM / ISO Test Procedures

ortonceramic.com/testing
"Longstanding Service to Industry"

614-818-1321     email: rayner@ortonceramic.com

firing/melting/drying

Columbus, Ohio
614-231-3621
www.harropusa.com
sales@harropusa.com

SERVICES
• Sintering, calcining,

heat treating to
1700°C

• Bulk materials
and shapes

• R&D, pilot
production

• One-time or
ongoing

EQUIPMENT
• Atmosphere

electric batch kilns
to 27 cu. ft.

• Gas batch kilns
to 57 cu. ft.

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

Professors, researchers,  
retirees, post-docs, and 
graduate students ...
                            The general editors  
              of the reference series  
            Phase Equilibria Diagrams 
           are in need of individuals  
        from the ceramics commu- 
                      nity to critically evaluate  
   published articles containing  
  phase equilibria diagrams.  
                 Additional contributing editors  
               are needed to edit new phase  
            diagrams and write short commen- 
          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

MARCH 2024
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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.1 “Entropy” refers to the number of confi gu-
rations in which diff erent chemical species may be arranged 
within a material’s structure. High-entropy materials possess 
numerous potential confi gurations within a single-phase struc-
ture. The confi gurational 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, I use an 
entropy-inspired design approach to develop novel oxide 
electroceramics. Specifi cally, I study the interplay between con-
fi gurational entropy and electrical properties in the A

6
B

2
O

17

(A = Zr, Hf; B = Nb, Ta) disordered oxide family across length 
scales, from bulk ceramics to thin fi lms.

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 confi gurations. Moreover, 7-fold 
coordination sites are closely associated with ferroelectric 
behavior in HfO

2
, a structural relative to A

6
B

2
O

17
.2 Despite 

this potential, the electronic properties of A
6
B

2
O

17
 phases have 

hitherto remained unstudied.
To elucidate the structure–property relationships in A

6
B

2
O

17

phases, we fi rst 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 diff raction 
to study the A

6
B

2
O

17
 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.3

Our observations support the cation-disordered model of the 
A

6
B

2
O

17
 phases and demonstrate extended solid solubility consis-

tent with high-entropy eff ects,4 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 10–3 range in the bulk regime for ternary 
A

6
B

2
O

17
 phases. Similar values were obtained for thin fi lms pro-

duced 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 
eff ects derived from additional cation species.

Our results confi rm the potential of A
6
B

2
O

17
 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.

References
1CM Rost et al., “Entropy-stabilized oxides,” Nat. Commun. 2015, 6(1): 
8485.
2TS Böscke et al., “Ferroelectricity in hafnium oxide thin fi lms,” Appl. 
Phys. Lett. 2011, 99(10): 102903.
3AA Voskanyan et al., “A new class of entropy stabilized oxides: 
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6
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2
O

17
 (A = Zr, Hf; B = Nb, Ta) struc-

tures,” Scr. Mater. 2021, 204: 114139.
4RJ Spurling et al., “Phase equilibria and metastability in the high-
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17
 oxide family with A = Zr, Hf and B = Nb, Ta,” J. Mater. 

Sci. 2023, 58(14): 6164–6173.

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.■

Entropy-inspired materials design for next-generation electroceramics 

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.

Jackson Spurling
Guest columnist
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Figure 1. The compositional complexity, structure, and site disorder of 
A6B2O17 disordered oxides make these materials attractive as poten-
tial high-entropy electroceramics. Adapted from Reference 4. 
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For more information visit:
www.Alfred.edu/CACT

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. 

2024 Summer Industrial 
Short Courses at AU

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/ 

http://www.alfred.edu/about/community/short-courses/
http://www.Alfred.edu/CACT
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www.americanelements.com
© 2001-2024. American Elements is a U.S.Registered Trademark

American Elements Opens a World of Possibilities...Now Invent!
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