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You.r kiln, Like no other.

Your kiln needs are unique, and, for more than
a century, Harrop has responded with applied
engineered solutions to meet your exact firing
requirements.

Hundreds of our clients will tell you that our
three-phase application engineering process

is what separates Harrop from "cookie cutter"
kiln suppliers. A thorough technical and
economic analysis to create the "right" kiln
for your specific needs, results in a robust,
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industrial design, fabrication and
construction, followed after-sale service for
commissioning and operator training.

Harrop's experienced staff are exceptionally
qualified to become your partners in providing
the kiln most appropriate to your application.

Learn more at www.harropusa.com,

or call us at 614.231.3621 to discuss your
special requirements.
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As seen on Ceramic Tech Today...

Credit: Pikist
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The sound absorption performance of the highly porous
silica ceramics prepared using freeze casting method

By Z. Du, D. Yao, Y. Xiq, et al.
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Preparation of high-strength lightweight

derived pore using corn stalk as pore-forming agent

By X. Li, Y. Li, S. Li, et al.

International Journal of Applied Ceramic Technology

Direct ink writing of hierarchical porous
emulsions: Rheology and printability

By S. S. L. Chan, M. L. Sesso, and G. V. Franks
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Effect of pore former (saw dust) characteristics on the

properties of sub-micron range low-cost
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Modeling teaches old dogs new tricks:
Viscosity predictions from dilatometry
and DSC

Determining viscosity of a glass through experiment is a slow
and expensive process. In two recent papers published in
JACerS, Penn State professor John Mauro and his colleagues
show how it can be predicted much easier by using dilatom-
etry and DSC to calculate parameters for a glass viscosity
model that was proposed in 2009.

alumina with plant-

alumina-stabilized

ceramic membranes
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Nnews & frends

How effective is that mask?
Depends on what materials it is
made of

Across the world, the COVID-19

pandemic rages on.

The SARS-CoV-2 virus is not magi-
cally disappearing, and with cases once
again on the rise in many locations, it
looks like this new reality of shutdowns
and stay-athome orders is going to
continue for much longer than many
people originally anticipated.

With that in mind, more people are
shopping online for reusable cloth face
masks that they can wear when they
must to go out in public, in accordance
with CDC guidelines.

When it comes to face masks that are
functional, the gold standard is the N95,
so named because its nonwoven polypro-
pylene fibers can filter out an incredible
95% of airborne stuff, including viruses,
from the air we breathe.

‘What makes N95 respirator mask so
effective, and what made them originally
so revolutionary, is how well they fit—
snug enough to filter nearly all the air
you breath—yet how breathable they are
to wear. Surgical masks are often made
of the same material but provide a less
snug fit, so they are generally less effi-
cient than N95 masks.

The nonwoven polypropylene fibers
of the material form a tangled web that
traps even tiny particles effectively, a
property called filter efficiency, yet it con-
tains big enough pores that the wearer
can breathe easily.

That breathability factor is measured
by the pressure drop, and it is another
important consideration for an effective
face mask. If breathing creates a large dif-
ferential in pressure between the two sides
of a mask material, it has a high pressure
drop, and breathing is more difficult.

But N95 respirators are being reserved
for medical workers. So current guide-

American Ceramic Society Bulletin, Vol. 99, No. 7 |

lines indicate general members of the duals, companies, and businesses offer-
public wear cloth-based masks instead. ing face masks for sale, a large propor-
Unfortunately, despite many indivi- tion of these products provide little or
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How efficient are homemade face masks? Surprisingly, results from a recent paper
show many common household materials can be fashioned into face masks that are just
as efficient if not more efficient than surgical masks.

no information about what material they
are made of, how many layers they con-
tain, or other important factors to help
people determine if the masks are actu-
ally effective and comfortable to wear.

Many websites are selling masks made
of lightweight cotton materials, which
while incredibly breathable, have rela-
tively low filter efficiency. They are better
than nothing, but studies seem to indi-
cate they only block about 20% of small
particles (study results widely vary here,
depending on the type of material, its
thickness, and the testing procedures).

Research shows the material is an
important consideration for an effective
mask, as not all materials are created
equal in both measures—the smaller pore
size of high-filter efficiency materials often
means they have a high pressure drop and
thus are difficult to breathe through.

So it is an optimal combination of
filter efficiency and pressure drop that
makes a face mask effective and comfort-
able. Fortunately, a study published in
Nano Letters in early June offers more
complete data on the performance of an
array of common materials.

Using a modified version of the testing
protocol used to certify N95 masks, the
researchers compared the performance of
a range of household materials, both syn-
thetic and natural—cotton, nylon, polyes-
ter, silk, and paper (cellulose)—compared
to nonwoven polypropylene, the material
of N95 and surgical masks.

The team measured filter efficiency
and pressure drop of the various materi-
als, combining those measures into a
single measure called a filtration quality
factor—a sort of scoring system to assess
how efficient and breathable each mate-

Credit: visuals; Unsplash

rial would be as a face mask.

The team’s relatively strict testing cri-
teria showed a perhaps surprisingly low
efficiency of nearly all tested materials
compared to N95 masks. Even surgical
masks, sourced from two different manu-
facturers, showed relatively low scores.

Although most of the materials tested
could not compare to the filtration quality
of N95 masks—the exception being copy
paper, which despite its high efficiency has
an incredibly high pressure drop, and it
also would not hold up well in the humid
environment created by breathing—the
results show that many common house-
hold materials can be fashioned into face
masks that are just as efficient if not more
efficient than surgical masks.

And layering multiple different mate-
rials together may offer the most effec-
tive solution when making homemade
face masks.

“Cotton, polyester, and polypropylene
multilayered structures can meet or even
exceed the efficiency of materials used in
some medical face masks,” the authors
write in the paper. “However, the exact
number of layers, basis weight, and
thread-count of material will need to be
considered in addition to the fluid resis-
tance and performance under breathing.”

Table 1. Evaluation of reference and common materials” filtration properties

Material Initial filtration efficiency Initial pressure drop (Pa) Filter quality factor (k/Pa)
Meltblown polypropylene

(N95) 95.94% 9.0 162.7
Meltblown polypropylene

(surgical mask 1p) 33.06% 34.3 5.0
Meltblown polypropylene

(surgical mask 2p) 18.81% 16.3 55

Spunbond polypropylene 6.15% 1.6 16.9

Cotton, pillow cover 5.04% 4.5 5.4

Cotton, T-shirt 21.62% 14.5 7.4

Cotton, sweater 25.88% 17.0 7.6

Polyester baby wrap 17.50% 12.3 6.8

Silk napkin 4.77% 7.3 2.8

Nylon exercise pants 23.33% 244.0 0.4

Paper towel 10.41% 11.0 4.3

Tissue paper 20.2% 19.0 5.1

Copy paper 99.85% 1883.6 1.5
4 www.ceramics.org | American Ceramic Society Bulletin, Vol. 99, No. 7
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Notably, the team’s results with a
spunbond polypropylene fabric common-
ly found in households had the highest
filter quality factor next to N95 masks.
“While not as common as cotton, poly-
propylene spunbond is an inexpensive
material that can be found in hobby fab-
ric shops, some reusable bags, mattress
covers, hygiene products, and disposable
work wear,” the authors write.

This material is in the same family of
materials used to make N95 and surgical
masks—although instead of being spun-
bond, the materials in N95 and surgical
masks are meltblown, a manufacturing
difference that results in finer and non-
continuous fibers.

Interestingly, the study also showed
simply rubbing the spunbond polypro-
pylene material for 30 seconds with a
latex glove provides enough electrostatic
charge on the surface of the material to
essentially double the material’s filtra-
tion efficiency for about an hour.

This finding is not entirely unexpected,
however, as surface charge is another
known reason N95 masks are so effective.

Although the study’s data show rela-
tively low overall filter efficiency for these
various household materials, that is likely
partly attributed to the high bar set by
their stringent testing criteria (although
the study disclosures do state several
authors have potential competing finan-
cial interests via their involvement with a
company called 4C Air Inc.).

It is important to note here that
reported filter efficiency and other mask
measures widely vary from study to
study, depending on the testing proto-
col and other factors. But despite this
variability, it seems like using a tightly
woven fabric and incorporating multiple
different materials, combined with a
snug fit around your mouth and nose,
make for a sufficiently effective mask.

The paper, published in Nano Letters,
is “Household materials selection for
homemade cloth face coverings and
their filtration efficiency enhancement
with triboelectric charging” (DOI:
10.1021/acs.nanolett.0c02211). ™
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Corporate partner news

Online summer school: Electric and magnetic field-assisted pro-
cessing of inorganic materials

Forschungszentrum Jiilich is holding a free online summer school
on electric and magnetic field-assisted processing of inorganic materials
from Sept. 14-16, 2020. Register by September 1 via email to

fieldsmatter@fz-juelich.de.

A world leader in bioactive and
custom glass solutions

Mo-Sci offers a wide variety of custom glass solutions
and will work with you to create tailored glass
materials to match your application.

Contact us today to discuss your
next project.

mo-sci.com/contact

' : 4 /74

@moscicorp

MOeSC

CORPORATIO @MoSciCorp

www.mo-sci.com « 573.364.2338

1SO 9001:2008 - AS9100C linkedin.com/company/moscicorp
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Rising e-waste and a deficit of
recycling

Millions of tons of electrical and
electronic equipment are discarded
every year, and many companies that
claim to “recycle” these materials are
actually exporting the e-waste to develop-
ing countries instead, where it is often
dumped improperly in the ground or
burned, releasing toxic pollutants into

the environment and negatively affecting
the health of workers.

Prior to this year, the most recent
statistics for global e-waste came from a
2017 report that estimated almost
45 million metric tonnes (Mt) of e-waste
was generated worldwide in 2016. The
report predicted e-waste would increase
to 52.2 million Mt by 2021.

Last month, a new report was
released, and its statistics are sobering—
global e-waste amounts already passed

53 million Mt in 2019 alone.

Tracking e-waste: The Global E-waste

Statistics Partnership

The 2017 report and recent 2020
report were both published by the
Global E-waste Statistics Partnership
(GESP), a collaboration between the
International Telecommunication
Union (ITU), United Nations University
(UNU), and International Solid Waste
Association (ISWA).

Founded in 2017, GESP aims to
monitor development of e-waste over
time and to help countries produce
e-waste statistics in an internationally
standardized way.

The partnership’s first big project
was the 2017 Global Ewaste Monitor
report referenced above, which
published in December 2017. The
report was a follow-up to the UNU’s
Sustainable Cycles Programme’s 2014
Global E-waste Monitor report.

In June 2019, GESP launched
globalewaste.org, an open source portal
that visualizes e-waste data and statistics
globally, by region and by country. In
a UNU press release on the launch,
ISWA president Antonis Mavropoulo

Credit: 2020 Global E-waste Monitor, United Nations University/United Nations Institute for Training and Research

and the International Telecommunication Union (CC BY-NC-SA 3.0 IGO)

E-waste continues to grow rapidly as recycling systems lag far behind. What can be

done to combat this problem?

said, “We hope that this new initia-
tive will further stimulate the on-going
efforts to tackle the e-waste challenge
and drive resource recovery policies and
activities towards a circular economy in
the IT industry.”

The new 2020 Global Eawaste Monitor
report released this month marks the
completion of the third big project by
GESP, and the statistics contained with-
in the report are sobering.

2020 Global E-waste Monitor:
Surging waste faces a deficit of
recycling

The 2020 report reveals that a record
53.6 million Mt of e-waste were gener-
ated worldwide last year, a 21% increase
in five years. By 2030, this amount is
expected to reach 74 million Mt—almost
a doubling in just 16 years.

And yet only 17.4% of this waste was
officially documented as properly collect-
ed and recycled, a statistic that indicates
“recycling activities are not keeping pace
with the global growth of e-waste,” the
report says.

Why is e-waste growing so rapidly?
The report says the growing amount is
mainly fueled by higher consumption
rates of electrical and electronic equip-
ment, short life cycles, and few repair
options. And though Asia generated

Www.ceramics.org

the highest quantity of e-waste in 2019
at 24.9 million Mt, Europe ranked first
worldwide in terms of e-waste generation
per capita at 16.2 k.

On a positive note, the number of
countries that have adopted a national
e-waste policy, legislation, or regulation
has increased from 61 to 78 since 2014.
Unfortunately, “regulatory advances in
some regions are slow, enforcement is
poor, and policy, legislation, or regula-
tion does not yet stimulate the collection
and proper management of e-waste due
to lack of investment and political moti-
vation,” the report says.

So what can be done to combat the
amount of e-waste and improve recy-
cling? One of the most important and
effective approaches is to raise awareness
of the problem. The report mentions
several initiatives that GESP is pursuing,
such as organizing workshops on e-waste
statistics in various countries.

GESP is not the only organization care-
fully tracking and combating the e-waste
problem. One nonprofit called the Basel
Action Network has launched some
notable initiatives, including running an
e-Trash Transparency Project that holds
unethical ewaste recycling companies
accountable and establishing an e-Stew-
ards Program to encourage socially and
environmentally conscious behavior.

| American Ceramic Society Bulletin, Vol. 99, No. 7
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A regular column featuring excerpts from BCC Research reports on industry sectors involving the

ceramic and glass industry.

lon-conducting ceramics: Global markets

By Margareth Gagliardi

The global market for
technical ceramics is
estimated to be valued at

$96 billion in 2020 and pro-

jected to expand at a com-
pounded annual growth rate
(CAGR) of 7.4% through the
next five years. Currently, ion-
conducting ceramics (ICCs)
occupy a very small share of
this market—$167 million in
2019—but are projected to have
very healthy growth through
2025, rising at a CAGR of
13.1% to reach $338 million.

ICCs are a group of materials charac-
terized by distinct properties related to
their capability of conducting positive
and negative ions. The most common
ion-conducting ceramics are based
on fluorite-type oxides, phosphates,
perovskites, and garnet-type oxides.
Some of these materials have been engi-
neered to have ionic conductivity close
to those of liquids.

BCC Research has identified three
main sectors in which ICCs find current
and potential applications: energy, sen-
sors and instrumentation, and chemical/
petrochemical/environmental.

¢ Energy: Applications within the
energy sector currently account for the
largest share of the market, at an estimat-
ed 80.3% of the total in 2020. Within
this segment, ion-conducting ceramics
are being used primarily for fabrication
of fuel cell and battery components.

* Sensors and instrumentation:

The sensors and instrumentation sector
represents a smaller share at 17.5% of
the total market. This segment has been

American Ceramic Society Bulletin, Vol. 99, No. 7 |

expanding at a 6.9% CAGR since 2018,
mainly driven by the use of ICCs for
production of gas sensors.

¢ Chemical/petrochemical/
environmental: This sector is the small-
est, accounting for an estimated 2.2%
of the total market. Currently, the main
application for these ceramics is in the
fabrication of membranes for various
processes, but these processes are for the
most part still in the development stage.

During the 2000-2019 period, the
number of global patent applications
and patents issued rose at a CAGR of
8.4%, and since 2010 the CAGR has
been running at 9.8%, indicating that
interest in the development of ICCs is
expanding at a generally healthy rate.

The U.S. is the largest consumer of
ICCs, with revenue of $71 million in

T HRe:

2019 (42.5% of the market). The Asia
Pacific region represents the second-larg-
est market, with revenue of $52 million
(31.1%). Europe comes in third with
revenues of $34 million (20.4%).

About the author

Margareth Gagliardi is a research
analyst for BCC Research. Contact
Gagliardi at analysts@bccresearch.com.

Resource

M. Gagliardi, “Ion-conducting ceram-
ics: Global markets” BCC Research
Report CHM127A, August 2020.

www.bccresearch.com.

Table 1. Technological milestones for ion-conducting ceramics

Period Description

Early 1830s Michael Faraday (London, U.K.) discovered that ion transport occurs not only in liquid electrolytes but
also in certain types of solid materials.

1839 During an expedition in Russia, Gustav Rose (Berlin, Germany) discovered a CaTi0;- based mineral in
the Ural Mountains. The mineral was named “perovskite” after the Russian mineralogist Lev Aleksevich
von Perovski.

1897 The German chemist Walther Nernst discovered that zirconia doped with a small amount of yttria is
capable of conducting oxygen ions.

19505 Seminal research was Eerformed on crystalline materials that exhibited ionic conductivity at high
temperatures. Research related to perovskite materials also took off.

1964 Compagnie Generale d'Electricité (Paris, France) developed a perovskite-based solid electrolyte for fuel cells.

1967 Prof. Takehiko Takahashi at Nagoya University in Japan introduced the term “solid state ionics” to define
the hehavior of solid electrolytes.

1970 General Electric (New York, NY) was issued a U.S. patent for the development of an electrolyfic capacitor
using a ion-conducting ceramic based on beta alumina.

1971 Exxon Research Engineering (Linden, NJ) developed oxide perovskite-based cathode catalysts for electro-
chemical cells used to convert alcohols info ketones.

1975 Hitachi (Tokyo, Japan) manufactured the first gas sensors based on oxide perovskites.

1977 Researchers at Sandia National Laboratories (Albuquerque, NM) reported the development of LiAlSi0, glass
ceramic for use as solid electrolyte.

1980 DuPont (Wilmington, DE) was awarded a U.S. patent for a sodium-ﬁudolinium-silicon oxide glass-ceramic
ormulation mruhle of transporting sodium ions and suitable as solid electrolyte for batteries and other
electrochemical devices.

1994 Oxide-ion conducting ceramics based on perovskite lanthanum-gallium oxide were introduced.

2000 and beyond The number of R&D activities related to ion-conducin? ceramics has been growing very rupid|¥ driven in
particular by the need of creating new generations of devices that are more environmentally friendly.

WWww.ceramics.org
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® AcCers spoftlight

SOCIETY, DIVISION, SECTION, AND CHAPTER NEWS

Corporate Partner news

ACerS extends a warm welcome to

all our new members. Please contact
us with any questions you may have
regarding your membership.

Our newest Corporate Partner is:

- Cerion Nanomaterials

ACerS thanks its Corporate
Partners for supporting the industry
and encourages members to support
them. Visit the ACerS Corporate
Membership webpage for a complete
listing of corporate partners. M

Volunteer Spotlight
—— Wl ACerS Volunteer Spotlight

profiles a member who dem-
4§ onstrates outstanding service
to the Society.

Mark Stett received
his B.S. in ceramic engi-
neering from Alfred
University, and he received his M.S. and
Ph.D. in ceramic engineering from the
University of California, Berkeley. He
worked for 32 years in R&D with Kaiser
Refractories/National Refractories and
has now been retired for 19 years.

Stett became an ACerS member in
1962 and Fellow in 1996. He served on
the Refractory Ceramics Division execu-
tive committee and as Division chair in
2000. Additionally, he has served on the
Allen Award Committee since 1992.

His awards include the St. Louis
Section Planje Award in 2001 and
the ASTM Award of Merit in 1998.

He was involved with UNITECR as
well, serving as the program chair for
New Orleans in 1997 and as Executive
Board chair for Orlando in 2005. He
was named a UNITECR Distinguished
Life Member in 2005.

“Mark has done so much for the
Refractory Ceramics Division, and 1
could always count on his counsel. We

Stett

are grateful for his commitment to the
Alfred Allen Award Committee for
the past 28 years,” says Dana Goski,
ACerS president-elect and Allied
Mineral Products vice president of
research and development.

We extend our deep appreciation to
Stett for his service to our Society! M

Names in the news

Megan Malara was select-
ed as the 2020-2021

| TMS/MRS Congressional
Science and Engineering
Fellow. Malara will serve a

one-year term working as
a special legislative assis-
tant on the staff of a member of

Malara

Congress or congressional committee.

Members—Would you like to be
included in the Bulletin’s Names in
the News? Please send a current
head shot along with the link to the
article to mmartin@ceramics.org.
The deadline is the 30"
of each month. B

Help ACerS help you

This fall, ACerS will conduct a mem-
bership satisfaction and needs assess-
ment survey. The survey results will help
serve as a guide for strategically planning
ACerS future. All members are encour-
aged to complete the survey to help us
better serve you. Please watch for it in
your inbox in September.

In memoriam

Louis Domingues
Henry C. Graham
Ralph Rose

Some detailed obituaries can also be
found on the ACerS website,

WWww.ceramics.org/in-memoriam.

Www.ceramics.org

Annual Business Meeting news

ACerS Annual Meeting will be
a virtual event this year, and so will
the Annual ACerS Business Meeting.
Please plan to attend from the comfort
of your own home or office. President
Ohji will report on the state of the
Society, new officers and board mem-
bers will be inducted, and we will have
time for questions and comments
from members. The meeting will take
place in early October. Full details will
be provided in the coming weeks. M

AWARDS AND DEADLINES

The Navrotsky Award for
Experimental Thermodynamics
of Solids

Awarded biennially to an author who
made the most innovative contribution

to experimental thermodynamics of
solids technical literature during the two
calendar years prior to selection (2019
and 2020). The award is presented

at ACerS Annual Meeting at MS&T,
where the recipient delivers a talk on the
work cited for the award. Nominations
must be received by Jan. 15, 2021. For
more information, visit https://
ceramics.org/awards/navrotsky-award. I

ACerS/BSD Ceramographic
Competition

The Roland B. Snow Award is pre-
sented to the Best of Show winner of
the 2020 Ceramographic Exhibit &
Competition organized by the ACerS
Basic Science Division. This unique

poster competition will be held online
with entries displayed and judged at
http://bit.ly/RolandBSnowAward.
Winning entries are featured on the
back covers of the Journal of the American
Ceramic Society. M
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STUDENTS AND OUTREACH

Compete in Material Advantage student contests

Join fellow Material Advantage student members from
around the world by competing in student contests, including

¢ Undergraduate student speaking and poster contests

Submit entries for the MA Undergraduate Student Speaking
Contest and the Undergraduate Student Poster Contest by
Sept. 7, 2020.

¢ Graduate student poster contest

Submit entries for the Graduate Student Poster Contest by
Aug. 31, 2020.

Rules for each contest as well as where to send entries can be
found at www.matscitech.org/students. For more information,
contact Yolanda Natividad at ynatividad@ceramics.org. M

2020 PCSA Humanitarian Pitch Competition

The President’s Council of Student Advisors is hosting the
Humanitarian Pitch Competition for students to pitch ideas to a
panel of judges about how they can address a challenge a commu-
nity is experiencing by using their material engineering background.

Students may put together a team of up to four partici-
pants, and both undergraduate and graduate students are
eligible to participate. Visit www.ceramics.org/pitchcomp for
further details. Submit abstracts by Sept. 1, 2020. |

Upcoming ACerS webinars—mark your calendars

September 3: Constructing PowerPoint presentations
Are you planning on giving an oral presentation at an upcom-

ing meeting? The webinar “From dull data to neat narrative:
Constructing PowerPoint presentations through story fram-
ing and slide design” will familiarize you with the basics of
creating a good PowerPoint presentation, including both
composing the research story and crafting the slides. Register
to attend this webinar scheduled for Sept. 3, 11 a.m. Eastern
Time by visiting www.ceramics.org/webinars.

October 21: Application process

Are you planning to apply for a scholarship or award? Save the
date of Oct. 21, 11 a.m. Eastern Time for an ACerS webinar
on the topic of the ever-elusive application process.

Be sure to visit the ACerS Webinar Archives to view
recordings of past webinars. M

Give GGRN a ‘like’ on Facebook!
Whether you are an ACerS Global Graduate Researcher

Network (GGRN) member or not, we invite you to join us on

Facebook at www.facebook.com/acersgrads to stay up to date
with ACerS news, opportunities, competitions, career develop-
ment tips and tricks, and more.

If you are not a current GGRN member but are a graduate
student whose work includes ceramics or glass, be sure to stop
by www.ceramics.org/ggrn to join GGRN today. M
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® ocers spotlight

CERAMICANDGLASSINDUSTRY

F O UND AT I O N
CGIF distributes 2019 “Gratitude Report”

The Ceramic and Glass Industry Foundation is pleased to share its
2019 annual report. In honor of the Foundation’s 5-year anniver-
sary (2014-2019), we titled the publication “Gratitude Report” to
show our immense appreciation for all of those who have donated
to support our endeavors. We know the growth of our outreach
programs would not be possible without our donors, thus we offer
our Gratitude Report to show what YOU have done with your gifts
of support.

Our mission of inspiring and training the next generation of ceramic
and glass professionals is being fulfilled every day because of our
donors. In fact, since 2014, our donors have enabled us to distrib-

ute over 1,000 of our Materials Science Classroom Kits to teachers
around the country and the world.

Read more about what your donations have done for the CGIF at
http://foundation.ceramics.org/2019Report. As always, we truly
appreciate your gifts of support.

If you would like to provide a gift to the CGIF to support our work,
please contact Marcus Fish at mfish@ceramics.org or
614-794-5863. You may also donate online at
https://foundation.ceramics.org/give. ™

2019
GRATITUDE

2014-2019 Five Years of Giving to Champion the Future of our Industry

'i'l‘Il‘l"t'li'i"lflawwlli“J q@}/gm
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=8z |LEARN ONLINE!
ONLINE COURSES

Introduction to Ceramic Science, Technology, and Manufacturing
Instructor: Carl E. Frahme | Oct. 6 — Dec. 3, 2020

Drying of Ceramics
Instructor: Denis A. Brosnan | Sept. 28 — Nov. 11, 2020

Introduction to Refractories
In partnership with the Orton Ceramic Foundation
Instructor: Joseph Homeny | Nov. 2-5 and Nov. 6-9, 11:00 a.m. - 1:00 p.m.

ONLINE SHORT COURSES

Dispersion and Rheology Control for Improved Ceramic Processing

Instructor: William M. Carty
Sept. 8-10 and 15-17, 11:00 a.m. — 12:30 p.m. EDT

Additive Manufacturing of High-Performance Ceramics

Instructors: Shawn M. Allan and team
Oct. 12-15, 10:30 a.m. — Noon EDT

NOW AVAILABLE!

ACERS — NIST
PHASE EQUILIBRIA

DIAGRAMS

NIST StanpARD ReFEReNCE DATABASE 31

ONE-TIME FEE: Single-user USB: $1,095 | Multiple-user USB: $1,895

Produced jointly by ACerS and NIST under the ACerS-NIST Phase Equilibria for
Ceramics program
4 TAhe
mericon
gerom\c / PR comtes

Equilibria Diagrams = N

ceramics.org/buyphase
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Ceramic Faraday rotators improve optical isolator performance

FACerS Akio Ikesue and colleagues
created high-performing transparent
ceramics that could improve the perfor-
mance of optical isolators.

An optical isolator, or optical diode,
is an optical component that allows
transmission of light in only one direc-
tion. It typically is used to prevent
back-reflected light into an optical oscil-
lator, such as a laser cavity, and a single
solid-state laser system generally contains
multiple isolators (anywhere from two
to 10).

Traditional optical isolators are based
on the Faraday effect, which is the rota-
tion of a light beam’s plane of polariza-
tion caused by a magnetic field. The
rotation occurs in a transparent para-
magnetic or ferrimagnetic material called
a Faraday rotator.

Currently, Faraday rotators are
made using single crystals, typically
terbium gallium garnet (Tb,Ga,O ,,
TGQ). Ikesue and his colleagues
wanted to see if a transparent ceramic
could be used instead.

They focused on terbium-based
ceramics because the Verdet constant—
which indicates the ability of a material
to polarize light—is determined domi-
nantly by the occupancy of terbium
ions. In a paper published in 2017,
Ikesue and his colleagues explain that
various investigations revealed the most
promising crystal structure to boost ter-

Research News

Prototype of an optical isolator using terbium yttrium oxide ceramic (right) in com-
parison with a commercial optical isolator based on terbium gallium garnet single

crystal (left).

bium ion occupancy is bixbyite (Re,O,,
where Re is a lanthanide rare-earth ele-
ment). However, using lanthanide rare-
earth oxides as an optical material is, in
a traditional view, inconceivable.

“The melting point of lanthanide rare-
earth oxide is around 2,400°C, and it is
very difficult to melt and solidify,” Ikesue
explains. “Even if melting and solidifica-
tion are possible, there is a phase transi-
tion point below the melting point in all
lanthanide elements. Therefore, a large
stress is induced in the material when it
is produced, causing the material to break

or crack. Also, a large stress associated
with the phase transition remains inside
the materials, and it cannot be used as an
optical material.”

Ikesue says ceramic fabrication pro-
cesses do not require melting, so there
are less problems producing lanthanide
rare-earth oxides this way than as single
crystals. Unfortunately, high tempera-
tures are still required to make these
oxides fully dense and transparent,
and the sintering temperature always
exceeds the phase transition point

around 1,500°C.

Battery breakthrough gives boost to electric flight and long-
range electric cars

Researchers at Lawrence Berkeley National Laboratory, in collaboration
with Carnegie Mellon University, reported a new class of soft, solid
electrolytes—made from both polymers and ceramics—that suppress
dendrites in that early nucleation stage, before they can propagate and
cause the battery to fail. Key to the design of these new electrolytes was
the use of soft polymers of intrinsic microporosity, whose pores were filled
with nanosized ceramic particles. In tests, continuously smooth growth
of lithium was observed, in contrast to conventional electrolytes, which
showed telltale signs of the early stages of dendritic growth. For more
information, visit https://newscenter.Ibl.gov. B
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Cementing the future: Unraveling the centuries-old processes
behind cement production

Researchers from Oklahoma State University, Princeton University, and
Argonne National Laboratory used complementary imaging methods to
continuously monitor changes in Portland cement as it hardened so they
could understand the process. They drew a number of broad conclusions
from the accumulated 3D images and measurements of particle composition.
For instance, while both micron-scale and nano-scale particles exhibit
uneven growth and dissolution on their surfaces, larger particles tended
to accumulate minerals containing heavier elements, while the surfaces of
smaller particles mostly exhibited mineral dissolution. For more information,

visit https://www.anl.gov/news.
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“Therefore, no one has ever succeeded in synthesizing this
material even with ceramic technology,” Ikesue says.

Until recently, that is.

In the 2017 paper, lkesue and his colleagues described
their success creating terbium yttrium oxide (TYO) and binary
terbium oxide (TO) ceramics using vacuum sintering and hot
isostatic press treatment. They published another paper in
2019 improving on the process and describing TYO and TO
properties, including the following.

High Verdet constants

The Verdet constants of (Th, Y 4)203 and Tb,O, are 2.5
and 4 times that of TGG, respectively, meaning they can better
polarize light. This fact means smaller magnets can be used to
surround the Faraday rotator, thus encouraging device minia-

turization.

High extinction ratio

In telecommunications, extinction ratio describes the effi-
ciency with which transmitted optical power is modulated over
fiber-optic transport.

Compared to the extinction ratio of TGG (35 dB), TYO
and TO had extinction ratios of 42 dB and 47 dB, respectively,
meaning they are more efficient at transmitting light.

Low insertion loss

Insertion loss describes the optical loss that occurs inside
the Faraday rotator medium when polarized in a strong mag-
netic field.

TYO and TO showed comparable insertion loss to TGG.
In addition, TYO had a laser damage threshold of 18 J/cm?,
which is about twice that of TGG single crystal, meaning TYO
ceramics are less likely to suffer optical damage when used
with a high-powered laser.

Ikesue says when they first began developing TYO and TO
ceramics, they provided some Faraday rotator prototypes to their
end users for evaluation. At the same time, they exhibited a very
small and compact optical isolator device at the SPIE Photonics
West conference in San Francisco. From these experiences, they
found a large demand for the device, so they started selling it as
a new product from the beginning of this year.

Ikesue says he and his colleagues succeeded in their research
because of their willingness to look past conventional wisdom.

“We doubt past theoretical views and technologies and tried
to know the truth of natural science with a pioneering spirit,”
he says.

The 2017 paper, published in Optics Letters, is “Poly-
crystalline (Tb, Y, ,),O, Faraday rotator” (DOI: 10.1364/
OL.42.004399)

The open-access 2019 paper, published in Materials, is
“Total performance of magneto-optical ceramics with a Bixby-

ite structure” (DOI: 10.3390/ma12030421). @
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Grain boundary diffusion of cations is faster but
not easier

Researchers at RWTH Aachen University in Germany
explored the grain boundary diffusion behavior of cations in cer-
tain metal oxides and found though the diffusion is faster along
the boundary than in the bulk, it is not necessarily easier.

In oxygen-ion conducting metal oxides, the mechanisms

governing diffusion of negatively charged oxygen ions (anions)
generally receive much more attention than the mechanisms
governing diffusion of positively charged metal ions (cations)
because of the anions’ role in conductivity.

“It is the oxide ions that are highly mobile, providing
the dominant contribution to the electrical conductivity,”
explains Roger De Souza, professor at RWTH Aachen Uni-
versity, in an email. “The [metal] cations, in contrast, are far
less mobile, and their contribution to the overall conductivity
is negligible.”

However, though cations’ role in conductivity is small, “The
diffusion of the cations is nevertheless important for long-term
processes, or processes at very high temperatures: sintering,
grain growth, interdiffusion, creep, phase formation, and
kinetic unmixing,” De Souza adds.
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A faster process is not necessarily easier, as grain boundary diffusion of cations in

certain metal oxides goes to show.

Research on cation diffusion has
found that, unlike anions, cations tend to
diffuse faster along grain boundaries, i.e.,
the interfaces between grains of differ-
ing crystal orientations in polycrystalline
structures. This finding may be surprising
to students who associate grain bound-
aries with decreased conductivity—but
remember, conductivity mainly depends
on the anions, not the cations.

“The transport of oxide ions across
boundaries is indeed hindered,” De
Souza says. “For the cations, diffusion
experiments ... show that grain bound-
aries provide a fast path for the very
slow cations.”

Currently, most knowledge concern-
ing fast diffusion of cations along grain
boundaries comes from studies on
metals, not ceramics. And this fact can-
not be overlooked due to an inherent
difference between metal and ceramic
grain boundaries.

In metals, the grain boundaries are
locally electroneutral, meaning they hold
no charge. Ceramic grain boundaries,
however, generally become electrostati-

14

cally charged, which causes the adjacent
bulk areas to develop space-charge layers
(SCLs), i.e., areas that are structurally
part of the bulk but electrically part of
the grain boundary.

SCLs can drastically alter the concen-
tration of point defects in that area, such
as the number of oxygen and cation
vacancies, which naturally affects ion dif-
fusion. And yet surprisingly, there are no
studies to date investigating the effect of
SCLs on cation diffusion in fluorite (and
some perovskite) oxides.

“It was a big surprise to us that the
presence of SCLs has not been invoked
so far, [especially because the presence
of them are widely accepted],” De Souza
says. So, he and doctoral candidate Jana
Parras decided to investigate the effect of
SCLs themselves.

To investigate how grain boundaries
and SCLs affect cation diffusion, Parras
and De Souza attacked the problem with
a two-step, continuum-level approach,
in which point-defect distributions were
calculated before cation diffusion was
allowed to occur.

Www.ceramics.org

Using this approach, they ran
numerous diffusion simulations for
both fluorite and perovskite oxides
and varied four parameters over a
range of temperatures: percent of
oxygen vacancies in the bulk, stan-
dard chemical potential of the oxygen
vacancies, and number densities of
core sites for oxygen vacancies and
acceptor dopants.

Among their findings, the most
important one had to do with activation
enthalpy, i.e., the amount of energy nec-
essary to initiate diffusion.

They found that although cations
diffuse faster along the grain boundary
than in the bulk, the activation enthalpy
for grain-boundary diffusion can
approach, or even equal, the activation
enthalpy for bulk diffusion. In other
words, even though diffusion along the
grain boundary was faster, it took the
same amount of energy to occur.

“If in the past you found [equal acti-
vation enthalpy] experimentally, it was
considered to be unphysical. You had
done something wrong in your experi-
ments. And for metals, [ would agree,”
De Souza says. “But for oxides, we have
now shown that it is not unphysical. In
fact, we have shown that there is a solid
physical basis for such behavior.”

De Souza says they are now pursuing
two further avenues of research, one
computational and one experimental,
to investigate the diffusion mechanism
more. And this time, they have an addi-
tional tool to help them out—based on
the information in this study, Parras and
De Souza derived an empirical relation-
ship that predicts the grain-boundary dif-
fusivity using knowledge of space-charge
parameters and bulk diffusivity.

The paper, published in Acta Mate-
rialia, is “Grain-boundary diffusion of
cations in fluorite-type oxides is faster
but not always easier” (DOI: 10.1016/j.
actamat.2020.05.022). &
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Nickel-manganese-aluminum cathodes for lithium-ion batteries

University of Texas at Austin researchers led by Cockrell
Family Regents Chair in Engineering and director of the Texas
Materials Institute Arumugam Manthiram showed the poten-
tial of cobaltfree lithium-ion batteries in recent research.

Cobalt is a key ingredient in lithium-ion batteries, specifi-
cally ones with cathodes made from nickel-cobalt-manganese
(NCM) or nickel-cobalt-aluminum (NCA). Cobalt stabilizes
the cathode by compensating for the charge when lithium ions
arrive or depart during cycling.

Over the past decade, lithium-ion batteries with NCM and
NCA cathodes solidified their status as the battery of choice for
power tools and electric vehicles because of their high energy den-
sity, i.e., the amount of energy stored per unit volume. However,
increasing demand for electric vehicles—in addition to increased
calls for ethical mining of cobalt—are expected to result in shortag-
es of cobalt in the long term, leading companies to begin seriously
considering alternative batteries that are cobaltfree.

Ideally, a cobaltfree battery would have energy density
equivalent or better than the NCM and NCA batteries because
it would allow a car to go longer between charges. And theo-
retically, a cobalt-free nickel-based battery would be a good way
to achieve that because nickel provides high energy density.

Unfortunately, nickel is unstable by itself and requires other
elements to stabilize the cathode. And only cobalt, aluminum,
and manganese appear to stabilize it without severe side effects.

“While elements such as magnesium, zirconium and titanium
are routinely introduced in commercial high-Ni layered oxides
for performance tuning ... optimal amounts are typically very
small, sometimes down to ppm levels, as detriments often coin-
cide with benefits,” the UT Austin researchers write in a recent
perspective article. “Large usage can give rise to substantial struc-
tural defects (for example, cation mixing), lattice distortion and
impurities, severely worsening electro-chemical properties.”

In the perspective article, the researchers discuss several impor-
tant design considerations for high-nickel layered oxide cathodes
and make an interesting suggestion—if aluminum and manganese
are known to stabilize nickel well, as evidenced by NCM and
NCA batteries, why not create a nickel-based cathode that ditches
cobalt and combines aluminum and manganese instead?

In a new paper, Manthiram, postdoctoral fellow Wangda
Li, and graduate student Steven Lee explored the potential of
lithium-ion batteries featuring nickel-manganese-aluminum
(NMA) cathodes, a combination that “strikingly” has not been
reported to their knowledge.

They compared the composition NMA-89 (nickel content
89%) to NMC-89, NCA-89, and aluminum-magnesium codoped
NMC (NMCAM-89) and made several notable findings.

Lower specific capacity, higher average voltage

Despite a marginally lower specific capacity, i.e., amount of
charge stored per unit volume, NMA-89 showed a higher aver-
age voltage of nearly 40 mV more than NMC-89.
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Could electric vehicles be powered by cobalt-free batteries in
the future?

Fast discharging performance

Rate capability, or the rate a battery charges/discharges, is
another key performance metric in addition to energy density.
And the fast-discharging performance of NMA-89 is very simi-
lar to that of NMC-89 and NCA-89.
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Comparable retained capacity 4
After 100 cycles at a charge/dis-
charge rate of 1/3, i.e., every 3 hours,
NMA-89 retained 90% of its original
capacity, which falls right in line with
NMCAM-89 (93%), NMC-89 (91%),

and NCA-89 (88%).

In the conclusion, the researchers

Current

note electrochemical characterization in

this study is only preliminary. “...future
work is needed to fully understand the
benefits and detriments of Mn-Al cosub-

stitution in high-Ni layered oxides in

the absence of [cobalt],” they write. - 5

In an email, Manthiram says they ' '
are in the process of analyzing the
electrodes after 1,000 cycles with state-
of-the-art characterization techniques
to better understand materials behavior
in the battery during repeated cycling. In addition, they are
carrying out further studies to refine the compositions and
scale-up the production process. Details on how they plan to
bring the technology to market can be seen in the university
press release.

The paper, published in Advanced Materials, is “High- nickel
NMA: A cobalt- free alternative to NMC and NCA cathodes

for lithium-ion batteries” (DOI: 10.1002/adma.202002718). =

“Three-stage” model for charge storage in hard
carbon anodes gains support

Researchers at Lomonosov Moscow State University,

Skolkovo Institute of Science and Technology, and Tokyo
University of Science gave support for the “three-stage”
model of charge storage in hard carbon anodes in their
recent paper.

Hard carbon is the material most often used for the anode in
sodium-ion batteries. Na-ion batteries are analogous to Li-ion bat-
teries, but instead of lithium ions moving between the cathode
and anode, sodium ions do so instead. The two batteries have

|nd your
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www.ceramicSOURCE.org

16

1.0
E vs. Na/Na* (V)

lllustration of proposed three-stage charge storage mechanism for hard carbon anodes.

similar electrochemical characteristics, but Na-ion batteries cost
less to produce because Na-ion batteries do not require cobalt in
the cathode and sodium is more abundant than lithium.

However, there is a key difference between Na-ion and
Li-ion batteries. Sodium ions are much bigger than lithium
ions, so the material typically used for the anode in Li-ion bat-
teries—graphite—cannot be used for Na-ion batteries because
the sodium ions cannot intercalate, i.e., be inserted, into the
graphite structure. Thus, hard carbon is used instead.

Hard carbon refers to carbons arranged in such a way that
they are nongraphitizable, i.e., they cannot be cleanly separated
into thin, separate layers of graphite. The disordered structure
provides spaces large enough for sodium ions to intercalate.

Intercalation is not the only way charge is stored in anodes,
however. Another important charge storage mechanism to con-
sider is adsorption.

Adsorption refers to adhesion of ions on the surface of the
anode material. (In contrast to intercalation, which refers to
insertion of ions within the bulk.) Compared to batteries in
which intercalation is the main charge storage mechanism, bat-
teries that store charge through adsorption (known as super-
capacitors) demonstrate low specific energy density and high
self-discharge rate.

In Lision batteries, intercalation is the main charge storage
mechanism in graphite anodes. But in Na-ion batteries, the
relationship between intercalation and adsorption in hard car-
bon anodes remains an open question.

In an email, Oleg Drozhzhin, senior research scientist
at the Skoltech Center for Energy Science and Technology
and Lomonosov Moscow State University, explains several
of the main views currently held on hard carbon charge
storage mechanisms.
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“The most popular and old one is ‘intercalation-adsorption’
(i.e., intercalation between curved graphitic layers within the
sloping voltage region and adsorption at low-voltage plateau),”
he says. “Another model, named ‘adsorption-intercalation,’
supposed Na+ adsorption at the surface or defects sites with
further intercalation within the low-voltage plateau.”

Several alternative models—such as “adsorption-filling” and
three- or four-stage models—also exist, but Drozhzhin says
determining which model is correct is difficult.

“...hard carbon is an extremely complex object for study-
ing. As it does not possess longrange ordering, usual methods
such as Xeray diffraction or transmission microscopy could not
reveal the type of electrochemical process,” he says.

Drozhzhin says several sophisticated methods have provided
some insight into the mechanisms, such as the work of Clare
Grey’s group at the University of Cambridge using solid-state
nuclear magnetic resonance, but “at the moment there is no
method that could definitely determine the charge storage
mechanism in hard carbon.” As such, “The existence of several
opinions on a complex subject is the best way to understand
the nature of things,” he says.

Based on this premise, Drozhzhin and colleagues decided
to conduct their own study on the charge storage mechanisms
in hard carbon. And in the recently published paper on their
research, they propose a model that differs from the currently
most popular view.

In their study, they used linear sweep voltammetry to
analyze the pseudocapacitive behavior of hard carbon.
(Pseudocapacitance refers to adsorption with certain chemi-
cal interactions allowing charge transfer.) And based on their
findings, they agree that a three-stage “adsorption-intercalation-
adsorption” process first suggested by Bommier et al. in 2015
is a good model for interaction between sodium ions and the
hard carbon anode.

“First, pseudocapacitive-type reaction between Na+ and car-
bon open surface occurs at high potentials,” they write in the
paper. “After the surface is filled, intercalation of Na+ between
pseudographitic layers takes place, which is evidenced by low
b-values (close to 0.5).”

“Finally, another type of pseudocapacitive-type process
is observed at very low (~ 20 mV) potentials. ... Under the
theory of open and internal porosity, this third process can
be considered as pseudocapacitive Na+ filling within internal
pores, since this type of electrochemical reaction may occur
only after filling the bulk volume of the material with Na+,”
they conclude.

In the future, Drozhzhin says there are several aspects of
anode materials for Na-ion batteries they wish to explore fur-
ther, including

* Safety issues, particularly the process of sodium dendrite
formation during long-term cycling;
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e Self-discharge, particularly the rate of charge loss at differ-
ent states of charge; and

* Full cells, particularly which cathode materials combine
best with hard carbon anodes.

The paper, published in Electrochimica Acta, is “Unveiling
pseudocapacitive behavior of hard carbon anode materials
for sodium-ion batteries” (DOI: 10.1016/
j.electacta.2020.136647). |

E AMERICAN

THE ADVANCED MATERIALS MANUFACTURER®

He

ﬂ B C F Ne
E Al Si| P Cl Ar

Ca|Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Br Kr

Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb I Xe

Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Ra. Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv| Ts Og

Now Invent.

www.americanelements.com

©2001-2020. Ameirican Elements is a U.S. Registered Trademark.


http://www.americanelements.com
http://www.ceramics.org
https://doi.org/10.1016/j.electacta.2020.136647
https://doi.org/10.1016/j.electacta.2020.136647

® ceramics in the environment

Boron nitride destroys ‘forever’ chemicals

Researchers at Rice University were surprised to discover
that boron nitride serves as an efficient photocatalyst for
degrading per- and polyfluoroalkyl (PFAS) chemicals.

PFAS are a group of more than 4,700 manmade chemicals
containing linked chains of carbon and fluorine. The first
PFAS were invented in the late 1930s, and two in particular—
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate
(PFOS)—quickly gained widespread application in a variety of
consumer products, including nonstick cookware like Teflon.

Yet as PFAS became a staple in many consumer products,
studies showing the negative environmental and health
impacts of these chemicals began to grow as well. The United
States Congress recently doubled down on the dangers of
PFAS, but unfortunately, even if use of PFAS is limited in
the future, there still exists the problem of PFAS already in
the environment.

PFAS are known as “forever” chemicals because, once cre-
ated, they are notoriously difficult to break down. This stability
means these chemicals stick around far after PEAS-containing
products are sent to the dump. And they do not stick around
only in the environment—more than 97% of people living in
the U.S. have a detectable amount of PFAS in their blood.

To date, incineration is considered the most effective way to
dispose of PFAS waste. However, this method is not very cost
effective, cannot be used to remove PFAS in water supplies, and
may actually do more to spread PFAS than to break it down.

In recent years, researchers started investigating the poten-
tial of photocatalytic degradation to remove PFAS from water
supplies. In photocatalytic degradation, a material called a
photocatalyst uses energy from light to accelerate a chemical
reaction that breaks down the reacting substance.

Traditionally, photocatalytic degradation of PFAS was not
widely pursued because of the limited ability of common
semiconductor materials to break the carbon-fluorine bonds
in aqueous systems. However, some materials—indium oxide
(In,0,), gallium oxide (Ga,0,), and titanium dioxide (TiO,) in
particular—degrade some PFAS quite well under ultraviolet light.

There is much room to improve on photocatalytic degra-
dation of PFAS, and the Rice University researchers, led by
William M. McCardell Professor in Chemical Engineering
Michael Wong, looked to do so by identifying new photocata-
lyst materials.

In their search for a photocatalyst, the researchers used ultra-
violet light with a wavelength of 254 nanometers to investigate
the photocatalytic properties of various materials. This wave-
length should be too long to activate boron nitride, which is
why they used boron nitride as a control group in experiments.

While none of the experimental groups performed well,
boron nitride did.

“Here’s the observation,” Wong explains in a Rice University
press release. “You take a flask of water that contains some
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An illustration of the boron nitride-based photocatalysis reaction
that destroys the pollutant PFOA in water.

PFOA, you throw in your [boron nitride] powder, and you seal
it up. That’s it. You don’t need to add any hydrogen or purge it
with oxygen. ... You expose that to ultraviolet light, specifically
to UV-C light with a wavelength of 254 nanometers, come back
in four hours, and 99% of the PFOA has been transformed into
fluoride, carbon dioxide and hydrogen.”

The researchers were confused and decided to hold off on
publishing the results until they could offer a plausible expla-
nation for the observations—an explanation that ended up
centering around atomic defects.

“We concluded that our material does absorb the 254-nano-
meter light, and it’s because of atomic defects in our powder,”
Wong says. “The defects change the bandgap. They shrink
it enough [lower the energy requirement] for the powder to
absorb just enough light to create the reactive oxidizing species
that chew up the PFOA.”

More experimentation will be needed to confirm the expla-
nation. But one thing is for certain—boron nitride can destroy
other PFAS as well, specifically GenX.

GenX is a PFAS that was widely used to replace PFOA
when that chemical was banned. More studies are suggesting
that GenX could be just as big an environmental problem as
PFOA, but unfortunately, there so far has been no success in
using catalysts to degrade GenX.

When Wong and colleagues tested the ability of boron
nitride to degrade GenX, the results were not as good as with
PFOA—two hours exposure only led to about 20% of the
GenX being destroyed—but Wong says the team has ideas
about how to improve the catalyst for GenX.

“The research has been fun, a true team effort,” Wong says.
“We’ve filed patents on this, and [the Rice-based Nanosystems
Engineering Research Center for Nanotechnology-Enabled
Water Treatment] interest in further testing and development
of the technology is a big vote of confidence.”

The paper, published in Environmental Science & Technology
Letters, is “Efficient photocatalytic PFOA degradation over
boron nitride” (DOI: 10.1021/acs.estlett.0c00434).
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Photocatalysis techniques for destroying antlblotlc resistant bacteria and genes

Rice University researchers developed
two “trap-and-zap” strategies for remov-
ing antibiotic resistant bacteria and anti-
biotic resistance genes from wastewater.

Antibiotic resistant bacteria are bacteria
with the ability to defeat drugs designed
to kill them. Such bacteria have become
an increasingly concerning problem
around the world due in part to over-
prescription and inappropriate prescrip-
tion of antibiotics, practices which lead to
bacteria developing resistance.

The agricultural sector is particularly
notorious for its use of antibiotics. A
2014 report by the U.S. Food and Drug
Administration revealed an estimated
80% of antibiotics sold in the U.S. are
used in animals. These antibiotics are primarily meant to pro-
mote growth and prevent infection, but 70%-90% of antibiot-
ics administered are excreted in urine and stool instead—and
then widely dispersed into the environment through fertilizer,
groundwater, and surface runoff.

Once in the environment, these antibiotics interact with
bacteria and lead to growth of antibiotic resistant bacteria
(ARB) and antibiotic resistance genes (ARGs), i.e., small pieces
of DNA that carry genetic instructions for resistance from one
germ to another. And often, these ARB and ARGs then end
up in our water supply.

Water treatment systems are designed to filter out ARB
and ARG:s to ensure the water people drink is safe. However,
though conventional systems such as chlorination are moder-
ately effective in removing ARB, they are relatively ineffective
at removing ARGs.

Thus, developing new treatment systems that effectively
destroy ARGs is an active area of research.

In recent papers published in March and July, Rice
University researchers led by George R. Brown Professor of
Engineering Pedro ].J. Alvarez are investigating degrading
ARGs through photocatalysis.

Photocatalysis is the acceleration of a light-based chemical
reaction in the presence of a catalyst. The acceleration is due
mainly to the catalyst material, upon absorbing ultraviolet
light, generating special oxygen-containing molecules called
“reactive oxygen species” (ROS) that play a large role in photo-
catalytic degradation.

Molecular imprinting bolsters “trap-and-zap”
degradation

In the March paper, they looked to address a challenge that
comes from using graphitic carbon nitride, an earth-abundant
and metal-free photocatalyst, in photocatalysis processes to rid
wastewater treatment plant effluent of ARGs.

American Ceramic Society Bulletin, Vol. 99, No. 7 | www.ceramics.org

(Left) Scanning electron micrograph showing the mesoporous structure of molecular—
imprinted graphitic carbon nitride nanosheets. (Right) Transmission electron micro-
graph showing the sheet’s edge and its crystalline structure.

“...degradation of ARGs by pristine or modified C,N, can
be adversely affected in [wastewater treatment plant] effluent,
where soluble microbial product and natural organic matter

compete with less abundant target contaminants (or ARGs in
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® ceramics in the environment

Scanning electron micrograph showing a nitrogen-doped reduced graphene oxide shell

around layered bismuth-oxygen-carbon nanoplates. The microsphere traps and zaps
antibiotic resistant bacteria and the resistance genes they release.

this case) for photogenerated ROS,” the
researchers write.

In other words, reaction of graphitic
carbon nitride with substances other
than ARGs results in fewer ARGs
being degraded.

If graphitic carbon nitride could be
directed to react only with ARGs, then
the rate of ARG degradation would
improve. So the researchers looked to
achieve this result by using a technique
called molecular imprinting.

Molecular imprinting is known as a
“lock and key” technique. A material is
imprinted with template-shaped cavities
(“locks”) to which only certain molecules
(“keys”) can attach. Once the molecules
attach, they are trapped in place and
degraded through reaction with ROS.

The researchers found when they
molecularly imprinted graphitic car-
bon nitride nanosheets, photocatalytic
removal of the plasmid-encoded ARG
blay,,., was 37 times faster than with
bare graphitic carbon nitride.

“This trap-and-zap strategy significantly
enhances removal of the eDNA [environ-
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mental DNA] gene, clearly outperforming
commercial photocatalysts,” Alvarez says
in a Rice press release.

The paper, published in Environmental
Science & Technology, is “Selective adsorp-
tion and photocatalytic degradation of
extracellular antibiotic resistance genes by
molecularly-imprinted graphitic carbon

nitride” (DOI: 10.1021/acs.est.9506926).

Improved “wrap, trap, and zap”
process for destroying ARGs

In the July paper, the researchers
again used a “trap-and-zap” strategy to
improve photocatalysis-induced degra-
dation. But instead of using molecular
imprinting to improve ARG adsorption,
the researchers instead added a “wrap”
step to the “trap-and-zap” strategy.

The researchers originally showed
the potential of a “wrap, trap, and zap”
strategy in 2014, when they wrapped
nanosheet-assembled bismuth-oxygen-
carbon microspheres in reduced graphene
oxide to increase ROS production.

“However, while enhanced ROS

generation may improve disinfection, a

Www.ceramics.org

Credit: Deyi Li, Tongji University

higher rate of cells lysis [disintegration]
increases the release of eARGs,” they
write in the recent paper.

In other words, though more ROS
were produced, ARB did not strongly
attach to the microspheres. So, when
the ARB degraded, the resulting ARGs
spread into the environment rather than
degrading as well.

To fix this problem, the researchers
postulated that doping the reduced gra-
phene oxide with nitrogen may improve
ARB adhesion to the microspheres. And
that is exactly what they found.

“The NRGO [nitrogen-doped reduced
graphene oxide] shell increased the pho-
tocatalyst’s affinity toward the antibiotic
resistant plasmid through 7 stacking
and hydrogen-bond interfacial interac-
tions, improving degradation of eARGs
[environmental ARGs),” they write in
the paper.

In addition, the NRGO shell served
as a protective layer for the micro-
spheres, “preventing photocorrosion
under irradiation, thereby increasing the
photocatalyst’s lifetime,” they add.

The paper, published in Water
Research, is “Hierarchical Bi,O,CO,
wrapped with modified graphene oxide
for adsorption-enhanced photocata-
lytic inactivation of antibiotic resistant
bacteria and resistance genes” (DOI:

10.1016/j.watres.2020.116157). |
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HONORING THE ACERS
AWARDS CLASS OF

Over its long history, The American Ceramic Society has established a tradition of awards to recognize its members’ outstanding contributions and
accomplishments and to create career benchmarks for aspiring young scientists, engineers, and business leaders.

The most prestigious of ACerS awards is Distinguished Life Member designation, a recognition bestowed upon only two or three members each year.
In 2020, three individuals will receive DLM honors: Richard Brow, Alexandra Navrotsky, and Mrityunjay Singh.

The Society will elevate 23 members to Fellow and recognize many more outstanding members with various Society, Division, and Class awards will
honor the awardees during a virtual celebration on Oct. 5, 2020.

Richard Brow
- As a high school
senior growing up in
upstate New York,
Richard Brow
thought he would
become an attorney.
But plans changed
after he was accepted
to Alfred University.
A solid perfor-
mance on an entrance exam to Alfred
University led to a small scholarship,
and because he liked math, he settled
on being a math major. However, his
father noticed that enrollment in the
New York State College of Ceramics at
Alfred University would allow them to
pay in-state, public university tuition
rather than private tuition. So he con-
vinced his son to enroll as a double
major in mathematics and ceramic

engineering.

It was an excellent plan until Brow
took “mud lab” in his freshman year.

“It was so much fun and so inter-
esting that the math thing went out
the door, and my ‘accidental’ ceramic
engineering career started,” says Brow.
He credits professors William Lacourse
at AU and Helmut Schaeffer at
University of Erlangen (Germany) with
introducing him to the mysteries of
glass, and he has been a self-described
“glass geek” ever since.

Unable to find a job during the reces-
sion of the early 1980s, Brow enrolled
at Penn State, where he earned a Ph.D.
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From there he went to work at Sandia
National Laboratory for 12 years.

“That was really where I got involved
in The American Ceramic Society and
started building up my network of col-
leagues,” Brow says.

There was no plan to become an
academic, but he got to know professor
Delbert Day (also a DLM) when Day
spent a sabbatical year in Brow’s lab at
Sandia. One thing led to another, and
eventually Brow joined Day on the fac-
ulty at Missouri University of Science &
Technology, where he is now Curator’s
Professor of Ceramic Engineering.

The surprise was to discover how sat-
isfying the role is.

“It’s fun. It's fun working with stu-
dents. ...What [ know is new to them.
And then they help me find something
new, show me things that are new to
me,” he says

The Society provided Brow a profes-
sional entrée to the industry very early in
his career. His first talk was at the Glass
Division meeting in Bedford Springs in
Pennsylvania, and his first publication
appeared in the Journal of the American
Ceramic Society. At the suggestion of
professor Joseph Simmons, Brow vol-
unteered to be part of the conference
program organizing committee.

By volunteering to plan a meeting, “you
had the opportunity to invite the people
you wanted to meet,” says Brow. “It was
just a marvelous opportunity to meet peo-
ple. You never know who’s going to give
you that idea or that opportunity on which
you can build your own career.”

Brow has served the Society in vari-
ous capacities, including the Board of
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Directors and Society president. During
his presidency, he helped found the
Ceramic and Glass Industry Foundation.

What drives his volunteering?
Nothing fancy, it turns out.

“I wanted to talk to people. I
wanted meet people. I wanted to share
ideas and pick their brain. That's how
all that started for me,” he says. But,
over the years, the character of the
relationships changed.

“The great value [of the Society] is
being part of a community. At some
point you stop talking about non-bridg-
ing oxygens and start talking about your
kids going off to college. These people
have always been there, and maybe that’s
the most valuable thing I've gotten out
of The American Ceramic Society. Now
much more than colleagues, they are
friends,” he says

“It’s an accidental career! It just
started because I was interested in glass
and wanted to talk to people with a
similar interest.”

Alexandra Navrotsky
Many students enter
their first thermody-
namics course reluc-
tantly, finding the
topic dense and a
bit obscure.
Alexandra Navrotsky,
however, had quite
a different take.
“Everybody was
saying how hard it is [thermodynamics].
I said, ‘Hard? It’s just tremendously logi-
cal,”” Navrotsky says.
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Navrotsky originally entered the
University of Chicago thinking she
would become an organic chemist.
However, after sitting in on a graduate-
level physical organic chemistry course
that discussed using isotopes and isotope
effects to study organic reactions, “the
stuff seemed so logical that about three
weeks into the ten-week course, I regis-
tered for it,” she says.

Navrotsky continued on to earn
her B.S., M.S., and Ph.D. in physi-
cal chemistry from UChicago. By that
point she knew she wanted to be a
faculty member, and so she pursued
postdoctoral work in Germany and
at The Pennsylvania State University
before joining the faculty in chemistry at
Arizona State University in 1969.

Over the course of her career,
Navrotsky moved several times, to
Princeton University in 1985 and then
the University of California, Davis, in
1997. In 2019, she returned to Arizona
State to lead the new Navrotsky Eyring
Center for Materials of the Universe,
which brings together researchers in an
interdisciplinary collaboration to study
materials and their applications from
theoretical, computational, observa-
tional, and experimental approaches.
Through these experiences, she con-
ducted enough research to publish more
than 900 scientific papers, and she
developed, applied, and commercialized
numerous unique high temperature calo-
rimetric techniques and instruments.

Navrotsky became involved with
ACerS during her initial time at Arizona
State when she submitted a paper to one
of the ACerS meetings. The research
concerned the thermodynamics behind
color changes in transition metal oxides,
but instead of being placed in the basic
science section, Navrotsky’s talk was
assigned to the whitewares section.

“Here I was, under 30 years old, giv-
ing a talk to a bunch of people who
build bathtubs and toilets, the majority
of whom were males in their late 50s,”
she says. “It was a funny talk because
they couldn’t care less about the basic
science, and I couldn’t care less about
their products.”

Navrotsky later joined ACerS Basic
Science Division and over the years
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received numerous Society awards,
including Ross Coffin Purdy Award
(1995), Nuclear & Technology Division
Best Paper Award (2001), Spriggs Phase
Equilibria Award (2005), and the W.
David Kingery Award (2016). In 2018,
she helped establish a new award, the
Navrotsky Award for Experimental
Thermodynamics of Solids, which was
awarded for the first time in 2019.
Navrotsky says what she likes about
ACerS is that it is a relatively small soci-
ety. “Some of the other societies ... have
gotten so huge that they've all but lost
any sort of personal touch, but ACerS
still has that” she says.
“I've certainly very much enjoyed my
connections to ACerS and the meetings,
and I'm honored by all of the honors
that ACerS has given me, including the
Distinguished Life Member,” she says.

Mrityunjay Singh
i As a child growing
up in India, 500
miles south of New
Delhi, Mrityunjay
(Jay) Singh lived in
a rural village that
lacked heat and
where the modern
comforts of electric-
ity only arrived
when he was a teenager.

Working on the family farm, Singh
showed an aptitude for science and
eventually earned a master’s of science
in physical chemistry from Gorakhpur
University in Gorakhpur, India, in 1980,
and went on to earn a Ph.D. in metal-
lurgical engineering from the Indian
Institute of Technology at Banaras
Hindu University in 1983.

That education launched a career in
the research of high-temperature materials
and ceramics that included work with the
world’s leading space agency, technology
used by some of the world’s largest corpo-
rations, and collaborations with universi-
ties and laboratories around the globe.

After postdoctoral work at Louisiana
State University and Rensselaer
Polytechnic Institute, he went to work
in 1991 at the NASA Lewis Research
Center, now the NASA Glenn Research
Center, working on the development
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of affordable, fiber-reinforced ceramic
matrix composites. It was there one
of his most memorable professional
achievements occurred.

After the tragic accident of the
space shuttle Columbia in February
2003, NASA was looking for ways to
repair the reinforced carbon-carbon
components of the shuttle’s thermal
protection system. Singh and his group
developed a refractory adhesive for on-
orbit repair of damaged components,

a first-of-a-kind material that could
survive more than 1,650°C plasma tem-
peratures. The space shuttle program
returned to flight in July 2005.

He is currently chief scientist at the
Ohio Aerospace Institute in Cleveland.

Singh’s membership in the Society
dates to the 1980s, when literature
searches for his postdoctoral work
led him to the Journal of the American
Ceramic Society. He first volunteered with
the Society in 1996 as a member of the
Engineering Ceramics Division Awards
Committee.

His many professional volunteer
activities include serving as president
of The American Ceramic Society in
2015-2016.

As president, Singh worked to
strengthen the Society’s relationships
with corporations and its outreach
to international members and profes-
sional organizations.

“This is a truly global Society,” he
said. “So we have to have members from
all over the world being recognized.”

He also focused on fostering relation-
ships with the volunteers who offer
their time and expertise to the Society.
He helped start recognition programs
such as the Global Ambassador award
to recognize them. “That’s the key,” he
said. “Volunteer recruitment, retention,
and recognition—those three factors are
so important.”

His leadership and involvement in
the Society’s mission has been a way for
him to give back. “Professionally, being
involved in the Society and having a role
getting new programs started, trying to
mentor young people, getting students
supported, as well as young professionals
and even senior professionals, has been
gratifying,” he said.
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The 2020 Class of Fellows

Scott Barnett is profes-
sor of materials science
and engineering at
Northwestern University

in Evanston, Ill. He

! received his Ph.D. in
metallurgy from the
University of Illinois at

Barnett

Urbana-Champaign. He has served on
the Program Committee of the
International Symposium on Solid Oxide
Cells: Materials, Science and Technology,
at the annual ICACC meeting.

Kyle Brinkman is
chair of the
Department of
Materials Science and
Engineering at
Clemson University in
Clemson, S.C.

Brinkman received his

40 |
Brinkman
Ph.D. in materials science from the
Swiss Federal Institute of Technology
in Lausanne, Switzerland. Brinkman is
vice chair of the Energy Materials and
Systems Division of ACerS, and was
vice chair and secretary of the dis-
solved Nuclear and Environmental
Technology Division.

Georges Calas is profes-
sor (emeritus) of mineral-
ogy at Sorbonne
Université (Paris) and
senior member of the
University Institute of
France. He received a

Calas Science Doctorate in

mineralogy from the University of Paris.
Calas is associate editor of the Journal of
the American Ceramic Society.

Jincheng Du is professor
of materials science and
engineering at the
University of North
Texas in Denton, Texas.
He received his Ph.D. in
ceramics from Alfred
University. Du is the cur-
rent chair of the Glass & Optical
Materials Division and previously served

Du

as secretary, vice chair, and chair-elect. Du
is currently an editor of the Journal of the
American Ceramic Society.

American Ceramic Society Bulletin, Vol. 99, No. 7

Richard Feeser is
President Emeritus of
Superior Technical
Ceramics in St. Albans,
Vt. Freeser earned his
B.S. in ceramic engineer-

ing from Virginia
Polytechnic Institute.
Freeser was a founding trustee of the

Feeser

Ceramic & Glass Industry Foundation of
the Society when it formed in 2014, and
served as chair from 2018-2019.

Michael C. Halbig is
senior materials
research engineer and
tech lead for Additive
Manufacturing /
Joining & Integration
of Composite Materials
at the NASA Glenn
Research Center in Cleveland, Ohio.
He has an M.S. in materials science
and engineering from Case Western
Reserve University. Halbig is associate
editor for the International Journal of
Applied Ceramic Technology and current
trustee and past chair of the
Engineering Ceramics Division. Halbig
has served on several Society- and
Division-level committees.

Liping Huang is profes-
sor of materials science
and engineering and
associate dean for
Research and Graduate
Programs in the School
® of Engineering at

Huang

Rensselaer Polytechnic
Institute in Troy, N.Y. She obtained
her Ph.D. from the University of
Illinois at Urbana-Champaign. She
served as the secretary, vice chair, chair-
elect, and chair of ACerS Glass &
Optical Materials Division in 2015-
2019. She is currently an associate edi-
tor of International Journal of Ceramic
Engineering & Science and an editor of
Journal of Non-Crystalline Solids.

Frances Mazze Hurwitz is senior mate-
rials research engineer at NASA Glenn
Research Center in Cleveland, Ohio.
She has a Ph.D. in macromolecular sci-
ence from Case Western Reserve

| www.ceramics.org

University. Hurwitz is a
member of ACerS
Engineering Ceramics
and Basic Science
Divisions, has served as
an organizer of the
Thermal Protection
Hurwitz Materials Symposia,
and has chaired numerous sessions at
ACerS conferences.

Marie Jackson is research
associate professor in the
Department of Geology
and Geophysics at the
University of Utah in Salt
Lake City, Utah. She
received a Ph.D. in earth
Jackson sciences from Johns
Hopkins University. Jackson is currently
secretary of the Art, Archaeology and
Conservation Science Division.

Steven Jung is chief tech-
nology officer of the spe-
cialty glass and ceramics
company Mo-Sci
Corporation in Rolla,
Mo., and adjunct profes-
sor of material science
and engineering at
Missouri University of Science and
Technology. Jung earned a Ph.D. in mate-
rials science and engineering from
Missouri S&T. He was the founding chair
of the newly formed Bioceramics Division
and on the leadership team for the
Manufacturing Division.

Matthew Lambert is
manager of special proj-
ects for Allied Mineral
Products in Columbus,
Ohio. He graduated
from The Ohio State
University with a B.S. in
ceramic engineering and
a M.S. in materials science. He is a mem-
ber and former chair of the Refractory
Ceramics Division and currently the
treasurer of ACerS Central Ohio
Section. He is also active in the
UNITECR 2021 planning committee
and a peer reviewer for the International
Journal of Ceramic Engineering & Science.
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The 2020 Class of

Jing-Feng Li is
Changjiang Scholar
Distinguished professor
at the School of

e Materials Science and
Engineering at Tsinghua
University in Beijing,
China, and serves as
deputy director of the Tsinghua
University-Toyota Research Center. He
received a Ph.D. in materials science and
engineering from Tohoku University in
Japan. He has received several awards,
from the Japan Institute of Metals, the
Chinese Ceramic Society, the National
Natural Science Foundation of China,

Li

and the Journal of the American Ceramic

Society Loyalty Award.

Jerzy Lis is vice rector
and professor of materi-
als science and chemical
technology at AGH
University of Science
and Technology in
Krakow, Poland. Lis
received his Ph.D. and
D. Sci. at AGH UST. Lis’ accomplish-
ments include the “Building Bridge
Award” of the Engineering Ceramics
Division (2019), head of the Nomination
Committee of the ACerS Spriggs Phase
Equilibria Award, invited speaker of
many ACerS organized conferences and
other ceramic symposia, and reviewer for
the Journal of the American Ceramic Society.

Jon-Paul Maria is profes-
sor of materials science
and engineering at The
Pennsylvania State
University and professor
emeritus at North
Carolina State
University, where he
spent 15 years serving on the materials
science and engineering faculty. He
received his Ph.D. from Penn State in
ceramic science. Maria’s research group,
J.-P. Maria Group, pursues new materials
discovery, property engineering, advances
in synthesis science, and new integration
strategies to merge diverse materials.
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Fellows (continued)

Josh Pelletier is North
American Sales Manager
for Refractory Producers
at Imerys. He received his
B.S. in ceramic and mate-
rials engineering and
M.B.A in international
business from Clemson
University. Pelletier has served as chair of
the Refractory Ceramics Division and is a
champion for student outreach, partnering
with RCD and PCSA for STEM demo kits
and volunteering at Materials Camp.
Pelletier currently serves on ACerS
Committee on Society Awards and the
Committee on Meetings and Programs.

Pelletier

Mary R. Reidmeyer is
teaching professor emeri-
tus at the Missouri
University of Science
and Technology in Rolla,

Mo. Reidmeyer received
her Ph.D. from the
University of Missouri-
Rolla studying technical glasses after
working in the refractories industry.
Reidmeyer has been recognized by
Missouri S&T with several honors and
awards for teaching and service. She
remains active with ACerS St. Louis
Section, where she served as an officer for
two rotations. In 2019, she received the
Greaves-Walker Lifetime Service Award.

Reidmeyer

Sudipta Seal is University
Distinguished Professor,
Trustee Chair, and UCF
Pegasus Professor at the
University of Central
Florida. He joined UCF

1 after postdoctoral work at

Lawrence Berkeley
National Laboratory and the University of
California, Berkeley. At UCF, he pio-
neered nanostructured cerium oxide and
other metal/oxide ceramic (micro to
nano), discovered its antioxidant proper-
ties, and applied it in various biomedical
problems. Seal received the 2002 Office of

Naval Research Young Investigator Award.

Www.ceramics.org

o Ghatu Subhash is the
Newton C. Ebaugh
Professor and UF
Research Foundation
Professor of Mechanical
and Aerospace
Engineering at
University of Florida in
Gainesville, Fla. He obtained his M.S.
and Ph.D. degrees from the University
of California, San Diego, and conducted
post-doctoral research at the California
Institute of Technology. Subhash is edi-
tor-in-chief of Mechanics of Materials and
served as associate editor for the Journal
of the American Ceramic Society. He is
associated with the Engineering

Subhash

Ceramics Division and is a member of
the Organizing Committee on Armor

Ceramics at ICACC.

Jeffrey J. Swab is senior
ceramic engineer and
team leader with the
U.S. Army Research
Laboratory at Aberdeen
Proving Grounds, Md.
He received his Ph.D. in
Swab materials science and
engineering from the State University of
New York-Stony Brook. Swab is a mem-
ber of the Engineering Ceramics Division
and the Glass & Optical Materials
Division. He is one of the original archi-
tects and lead organizers of the Armor
Ceramics Symposium held in conjunc-
tion with ICACC meetings. In 2011, he
received the ECD Global Star award.

Xiaoli Tan is professor of
materials science and
engineering at lowa State
University in Ames, lowa.
He received his Ph.D. in
materials science and
engineering from
University of Illinois at
Urbana-Champaign. Tan is a committee
member of the Electronics Division and
has co-organized nine symposia at MS&T
and EMA meetings, and serves as an asso-
ciate editor for the Journal of the American
Ceramic Society.

Tan
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Junichi Tatami is profes-
sor in the Graduate
= | School of Environment
T . .
and Information Sciences
i
—— at Yokohama National
W University in Japan. He
received a Ph.D. in sci-
Tatami

ence and engineering of
ceramics from Tokyo Institute of
Technology in Japan. Tatami is a member
of the Engineering Ceramics Division and
has received numerous awards, including
ACerS Richard M. Fulrath Award and
Global Star Award. He organized symposia
at many international conferences, includ-
ing MS&T, ICACC, PACRIM, HTCMC,
GFMAT, and CMCEE.

Rick Ubic is professor
at Boise State University
in the Micron School of
Materials Science &
Engineering. He earned
his Ph.D. in engineering
materials from Sheffield

Ubic University in the U.K.
Ubic received the ACerS 2003 Edward
C. Henry Best Paper Award and the
2004 Robert L. Coble Award for Young
Scholars. He served as an officer in
ACerS Electronics Division from 2014-
2019 and as program chair of the EMA
meeting in 2017 and 2018. Ubic also
serves on the Publications Committee
and chaired the Spriggs Phase Equilibria
Award Subcommittee.

Yiquan Wu is professor
in the Department of
Materials Sciences and
Ceramics at New York
State College of
Ceramics at Alfred
University. Wu has a
Ph.D. in materials from
Imperial College London in the U.K. Wu
is a member of ACerS Basic Science
Division, Engineering Ceramics Division,
and Glass & Optical Materials Division.
He served as president of the ACerS
Ceramics Education Council and current-
ly serves as the vice chair of ACerS Basic
Science Division. He is an editor of the
Journal of the American Ceramic Society and
associate editor of the International Journal
of Ceramic Engineering & Science. M
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Society Awards

W. DAVID KINGERY AWARD recognizes distinguished lifelong achievements involving
multidisplinary and global contributions to ceramic technology, science, education, and art.

Subhash Risbud is Distinguished Professor of Materials Science and
Engineering at the University of California, Davis. He has actively col-
laborated with colleagues worldwide on projects ranging from photon-
ics-electronics engineering to biotechnology, nanoscience, and comput-
er modeling to environmental effects on human health. Risbud has
worked on quantum dots in glasses, sol-gel processing, and structural
probes for amorphous solids. His current interests include nanoporous
ceramics for energy applications, creation of architected pores in glass and ceramic
powders, and the study of fluid flow in through nanochannel tubes formed by spark
plasma sintered and electrophoretically deposited ceramic materials.

JOHN JEPPSON AWARD recognizes distinguished scientific, technical, or engineering
achievements.

Zhengyi Fu is a Fellow of ACerS, an academician of the World Academy
of Ceramics, and editor-in-chief of Ceramics International. His research
focuses on multifunctional ceramics and ceramic-based composites, struc-
tural/functional integrative composites, novel materials structure and prop-
erties, in-situ reaction synthesis and processing, fast and ultrafast sintering,
bioprocessinspired synthesis, and fabrication.

ROBERT L. COBLE AWARD FOR YOUNG SCHOLARS recognizes an outstanding scientist who is
conducting research in academia, in industry, or at a government-funded laboratory.

Valerie L. Wiesner is research materials engineer in the Advanced
Materials and Processing Branch at NASA Langley Research Center in
Hampton, Va. Her current research efforts focus on developing ceramic
materials for applications in extreme environments, ranging from hyper-
sonic flight to lunar and planetary surface operations. She serves as chair-
elect of ACerS Engineering Ceramics Division and is a member of the
Strategic Planning and Emerging Opportunities and Member Services
Committees. She has also served as vice chair of the Northeast Ohio Section and

chaired the 44* ICACC.

Corporate Environmental Achievement Award

The Corporate Environmental Achievement Award (CEAA) was established to recognize and
honor a single outstanding environmental achievement made by an ACerS corporate member
in the field of ceramics.

Wiesner

The award recognizes Central Glass and
Ceramics Research Institute (CGCRI)
Khurja Centre (India) for their research
and development of glass, ceramic, and
related materials that maximize the eco-

nomic, environmental, and societal benefit
to industry.

Central Glass and Ceramics Research Institute also undertakes advanced
R&D projects, which are internationally competitive, and public-private partner-
ship projects sponsored by private/public sector enterprises to provide technical
advisory and infrastructural services like project engineering, testing and evalua-
tion, training and education, and dissemination of scientific information to the
public domain. M
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SOCiety Awards (continued)

ROSS COFFIN PURDY AWARD recognizes
authors who made the most valuable contribution
to ceramic technical literature in 2018.
Ultrahigh piezoelectricity in ferroelectric

ceramics by design
Published in: Nature Materials 2018;
17: 349-354

Long-Qing Chen is

the Donald W. Hamer
Professor of Materials
Science and Engineering,
professor of mathematics,
and professor of engineer-
ing science and mechanics
at The Pennsylvania State University,
State College, Pa.

Zibin Chen is research
fellow at University of
i Sydney, New South
Wales, Australia.

Zhenxiang Cheng is

.| theme leader for the mul-
tiferroic materials program
and professor at the
Institution for
Superconducting and
Electronic Materials in the
Australian Institute for Innovative
Materials at University of Wollongong,
New South Wales, Australia.

Cheng

Fei Li is professor at Xi'an
Jiaotong University,

Shaanxi, China.

Qianwei Huang is a doctor-
al candidate in the School
of Aerospace, Mechanical

| and Mechatronic
Engineering at the
University of Sydney, New
South Wales, Australia.

Huang

Xiaozhou Liao is professor
in the School of
Aerospace, Mechanical and
Mechatronic Engineering
at the University of
Sydney, New South Wales,
Australia.

Liao
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ChunChun Li is associate
professor of information
science and engineering at
Guilin University of
Technology, Guangxi,
China.

Dabin Lin is professor at
Xi’an Technological
University, Shaanxi,

China.

Thomas R. Shrout is pro-
fessor emeritus of materials
science and engineering at
The Pennsylvania State
University, State College,
Pa.

Jianli Wang is professor in
the College of Physics at

| Jilin University in
Changchun, China, and

b | senior visiting fellow at
University of New South
Wales Canberra, Australia.

Zhuo Xu is professor in
the School of Electronic
Science and Engineering at
Xi’an Jiaotong University,

Shaanxi, China.

Shujun Zhang is professor
at the Institution for

| Superconducting and
Electronic Materials in the
Australian Institute for
Innovative Materials at
University of Wollongong,
New South Wales, Australia.

Www.ceramics.org

RICHARD AND PATRICIA SPRIGGS PHASE
EQUILIBRIA AWARD honors authors who
made the most valuable contribution to phase
stability relationships in ceramic-based systems
literature in 2019.
Thermodynamics and crystallization kinetics
of REEs in CaO-Si0O,-Ce,O, system
Published in: ] Am Ceram Soc. 2019;
103: 2845-2858

Yu Du is a doctoral can-
didate at the University
of Science and
Technology Beijing,
China.

Jintao Gao is an associate
professor, at State Key

W | Laboratory of Advanced
4 Metallurgy, University of
Science and Technology
Beijing, China.

Zhancheng Guo is direc-
tor of State Key
Laboratory of Advanced
Metallurgy, University of
Science and Technology
Beijing, China.

Xi Lan is a doctoral candi-
date in the State Key
Laboratory of Advanced
Metallurgy at the Uni-
versity of Science and
Technology Beijing, China.

MORGAN MEDAL AND GLOBAL
DISTINGUISHED DOCTORAL DISSERTATION
AWARD recognizes a distinguished doctoral
dissertation in the ceramics and glass discipline.

Kevin R. Talley is post-doc-
toral researcher at the
National Renewable Energy
Laboratory in Golden, Co.
His main research is the
search for new or improved

Talley

piezoelectric and ferroelec-
tric nitride ceramics, but he is also working
to advancing thinfilm nitride synthesis
processes and to apply data tools to combi-
natorial experimentation.
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recognizes individuals who have
made substantial contributions to the success of
their organization and expanded the frontiers of

the ceramics industry through leadership.

Scott L. Swartz is chief
technology officer and co-
founder of Nexceris in
Lewis Center, Ohio. He

was principal investigator

on multiple Nexceris proj-

Swartz

ects related to sensors, cat-
alysts, and solid oxide fuel cells. He man-
ages Nexceris projects related to SOFC
technology development, leads govern-
ment business development activities,
manages the growth of Nexceris’ intellec-
tual property portfolio, and provides
technical leadership and vision to the
company. He organized a symposium on

Advances in Solid Oxide Fuel Cell
Technology at MS&T 2018.

Long Zhang, is professor
of materials sciences at the
Chinese Academy of
Sciences (CAS), deputy
director, Shanghai
Institute of Optics and
Fine Mechanics (CAS),
and Head, Key Lab. of Materials for
High-Power Laser (CAS).

Zhang

is given to a young professional
member of ACerS who demonstrates

exceptional leadership and service to ACerS.

Valerie L. Wiesner is
research materials engineer
in the Advanced Materials
| and Processing Branch at
NASA Langley Research
Center in Hampton, Va.
She serves as chair-elect of

Wiesner

ACerS Engineering Ceramics Division
and is a member of the Strategic Planning
and Emerging Opportunities and
Member Services Committees. She also
served as vice chair of the Northeast Ohio

Section and chaired the 44 ICACC.

American Ceramic Society Bulletin, Vol. 99, No. 7

is awarded annually to
recognize one individual whose innovation lies at
the cusp of commercialization in a field related, at
least in part, to ceramics and glass.

George Beall is a
Corporate Fellow in
Corning’s Research
Group. He received a
Ph.D. at the Massachusetts
¥ Institute of Technology in
1962. Beall has worked on

a variety of successful innovations

Beall

including the discovery of glass-ceramic
materials used in Corning products
such as Macor® machineable glass-
ceramics, Pyroceram® commercial
tableware, and Visions® cookware and
environmental products.

The European Ceramic Society-American
Ceramic Society Joint Award recognizes indi-
viduals who foster international cooperation
between The American Ceramic Society and
the European Ceramic Society, in demonstra-
tion of both organizations’ commitment to work
together to better serve the international
ceramics community..

Anne Leriche is profes-
sor at Polytechnic
University Hauts-de-
France, and she was
director of Laboratoire
des Matériaux

Leriche

Céramiques et
Procédés Associés (LMCPA) from
1999 to 2016. The research carried
out by the laboratory focuses mainly
on bioceramics for bone substitutes,
piezoelectric ceramics, and functional-
ized coatings by sol-gel and hydrother-
mal methods. She has served as board
member of the Belgian Ceramic
Society, president of the French
Ceramic Society (nine years), presi-
dent of the European Ceramic
Society (two years), and president of
the JECS Trust (three years). During
her ECerS presidency, she initiated
contacts with ACerS (which were
finalized by the signing of a MOU)
and she contributed to setting up the
January Winter Workshop.

| www.ceramics.org

Corporate Technical

Achievement Award

The Corporate Technical Achievement
award recognizes a single outstanding
technical achievement made by an ACerS
corporate member in the field of ceramics.

The award rec-
ognizes Corning
Incorporated for
CORNING s development
of Corning®
DuraTrap®

GC filters.
DuraTrap GC filters, which have a

unique microstructure and are made

from cordierite, a magnesium alumi-
nosilicate, are Corning’s newest auto-
motive exhaust filters. These filters
trap microscopic particles of exhaust-
borne carbon soot and ash, ranging
in size from about 10 nanometers to
several hundred nanometers.

The introduction of particulate fil-
ters in gasoline vehicles is an impor-
tant engineering advancement for
clean-vehicle technology as gasoline
vehicles grow in popularity. Corning
will continue to leverage its expertise
in ceramic science and extrusion
manufacturing technology to develop
market-leading emissions control
solutions that help their customers
meet future emission standards and
enable cleaner air worldwide.
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Class Awards

ACerS/EPDC ARTHUR FREDERICK
GREAVES-WALKER LIFETIME SERVICE
AWARD recognizes an individual who has
rendered outstanding service to the ceramic
engineering profession and who, by life and
career, has exemplified the aims, ideals, and
purpose of the former National Institute of
Ceramic Engineers.

Kathleen A. Richardson
| is Pegasus Professor of
Optics and Materials

| Science and Engineering
and Florida Photonics
Center of Excellence
(FPCE) Professor at
CREOL/College of Optics and
Photonics at the University of Central
Florida, where she runs the Glass
Processing and Characterization
Laboratory.

Richurds

EPDC OUTSTANDING EDUCATOR AWARD
recognizes truly outstanding work and creativity
in teaching, directing student research, or gen-
eral educational process of ceramic educators.

George D. Quinn is
guest researcher at the
National Institute of
Standards and
Technology in

'ht Gaithersburg, Md. He

received a B.S. in

mechanical engineering from
Northeastern University. Quinn is a
member of ACerS Basic Science
Division and became a Fellow in 2001.
He received the Global Ambassador
Award in 2020. He has been teaching
the short course on Mechanical
Properties of Ceramics and Glasses
since 2011. ™

ENERGY MATERIALS AND SYSTEMS

DIVISION D.T. RANKIN AWARD in memory
of Tom Rankin recognizes a member of the
former Nuclear & Environmental Technology Di-
vision who has demonstrated exemplary service
to the division.

Kevin M. Fox is principal
engineer in the Environ-
mental Stewardship
Directorate of the
Savannah River National

Laboratory (SRNL).

Fox
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Richard M. Fulrath Symposium and Awards

promote technical and personal friendships between
Japanese and American ceramic engineers and scientists.

US Academic
Shashank Priya
Energy harvesting
materials and devices

is professor in materials
science and engineering
at The Pennsylvania State University.
His research focuses in the areas relat-
ed to multifunctional materials, energy
harvesting, and bio inspired systems.
Priya was lead organizer of the 3 An-
nual Energy Harvesting Society Meet-
ing, and he also served on the organiz-
ing committee for Materials Challenges
in Alternative & Renewable Energy
2020 combined with the 4" Annual
Energy Harvesting Society Meeting.

He is past chair of ACerS Electronics
Division and a member of the ACerS
Energy Task Force. Priya was associate
editor of the Journal of the American
Ceramic Society from 2010-2012.

Priya

US Industrial

Edward Gorzkowski
Bulk nanostructured
ceramics using novel
processing techniques

G°"Zk°WSk' is branch head (acting) of
the Multifunctional Materials Branch at
the U.S. Naval Research Laboratory in
Washington, D.C. His research inter-
ests include piezoelectric materials for
sensor and actuator applications; pro-
cessing of dielectric and ferroelectric
materials; unique processing methods
to create bulk nanostructured ceram-
ics; and structural applications such as
hypersonics, thermal barrier coatings,
and magnetic/dielectric devices. Gorz-
kowski is a member of ACerS Electron-
ics (secretary elect), Basic Science,
and Engineering Ceramics Divisions

as well as a founding member and co-
chair of the Washington, D.C., Mary-
land, and Northern Virginia Section. He
is also on the ACerS Book Subcom-
mittee and received the 2015 Du-Co
Young Professionals Award and a 2018
Best Paper award for the Journal of the
American Ceramic Society.

Check www.matscitech.org for latest updates.

- | Japan Academic

| | Tomoaki Yamada
Bottom-up growth design
and property control for
dielectric thin films and
nanostructures

Yamada

is associate professor in the Department
of Energy Engineering at the Nagoya
University, Japan, and visiting associate
professor of the Materials Research Cen-
ter for Element Strategy at the Tokyo In-
stitute of Technology, Japan. His research
group specializes in functional dielectric,
piezoelectric, and ferroelectric thin films
and nanostructures, especially with a
focus on their bottom-up growth design
using physical vapor deposition tech-
niques, and their property control. He is a
member of ACerS Electronics Division.

Japan Industrial

Takeshi Kobayashi
Novel design and fabrica-
tion of piezoelectric MEMS
and their application to IoT

Kobayashi g tcam leader of the

Sensing System Research Center in the
National Institute of Advance Indus-

trial Science and Technology, Tsukuba,
Japan. His research interests include
piezoelectric MEMS and their applica-
tion to loT system. Kobayashi developed
a 2D-strain mapping MEMS-based
ultrathin PZT/Si array sheet for structural
health monitoring of bridges. He also de-
veloped a piezoelectric MEMS vibration
sensor for pump monitoring and chicken
health monitoring. He has just started to
develop ultrathin piezoelectric MEMS for
acoustic and haptics devices.

Japan Industrial

Hiroshi Sato
Development of co-fired
all solid state lithium ion
battery with multilayer
ceramic technology

L
Sato

is section head of Technology & Intel-
lectual Property HQ at TDK Corpora-
tion, Japan. He has been working

on co-fired all solid-state lithium ion
battery using multilayer technology for
15 years. ®

Www.ceramics.org
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ACerS Award Lectures

ACerS/EPDGC ARTHUR L. FRIEDBERG CERAMIC ENGINEERING TUTORIAL AND LECTURE

John R. Hellmann, professor of materials science and engineering and senior associate dean for Graduate Education
and Research, College of Earth and Mineral Sciences, The Pennsylvania State University

Ceramic and glass science enabled energy technologies

John R. Hellmann’s research addresses materials for propulsion/power systems, oil/natural gas recovery, armor, and
cutting tools. He is most proud and humbled by his 120 graduate and undergraduate advisees, many of whom have
received national and international awards for their work.

EDWARD ORTON JR MEMORIAL LECTURE

Additive manufactur/ng. D/srupt/ve threat to global supp/y chains and enabler for sustainable development
Mrityunjay Singh has delivered numerous keynote and plenary presentations in international conferences, forums,
[ and workshops, and serves on the advisory boards and committees of more than dozen prestigious international
journals and technical publications.

James H. Adair, professor of materials science and engineering, bioengineering, and pharmacology, Department of
Materials Science and Engineering, The Pennsylvania State University

Early retrospectives from the time of COVID

James H. Adair’s research and teaching interests most recently include biological-nanoscale composite particulates
for nanomedical applications, based on colloid and interfacial chemistry, and material chemistry.

GLASS AND OPTICAL MATERIALS DIVISION ALFRED R. COOPER AWARD SESSION

COOPER DISTINGUISHED LECTURE PRESENTATION
John Kieffer, University of Michigan
Exploring the amorphous state of matter by roaming about the network building blocks

2020 ALFRED R. COOPER YOUNG SCHOLAR AWARD

Katelyn Kirchner, Awardee
The Pennsylvania State University

Beyond the average: A statistical mechanical exploration of topological fluctuations in glass-forming systems

M Emily Li, Awardee Runner-up
¢ University of California, Los Angeles

Decoding structure-dynamics correlations in Si0, supercooled liquid by machine learning

Jared Rivera Awardee Runner-up
University of California, Los Angeles

Effect of nanoscale phase separation on the fracture behavior of glasses: Toward tough, yet transparent glasses

Check www.matscitech.org for latest updates.
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Commercially scalable,
single-step polymer-derived
reaction bonding synthesis of

o

refractor cel mics

LY

'
. \

e unique essence OMthe “refractory
ceramic’ class of materials lies in the
first word of the term: refractory. Its origin stems
from the Latin refractarius, which, directly trans-

By Boris Dyatkin and Matthew Laskoski lated, means “stubborn.”

This stubbornness most commonly applies to behavior of materi-
The U.S. Naval Research Laboratory als in extreme thermal environments. Refractory ceramics melt at
reports on its polymer-derived ceramics very high temperatures of over 2,500°C.! However, these materials

] ) ) often demonstrate stubbornness in multiple categories. They are
synthesis approach, which relies on among the hardest available engineering materials, and they also
blends of metals and monomer resins readily withstand corrosion, whether by caustic chemicals or oxidiz-
to synthesize near net shape refractory ing air molecules at elevated temperatures. Many of these “stub-

] ] N born” materials also readily deflect or absorb ionizing or neutron
metal carbides, borides, and nitrides radiation from nuclear fuels.
using a single-step in situ reaction As our technological demands grow, the harsh environments
bonding method. that these ceramics must readily withstand will shift from obscure

extremes hypothesized for future generations of applications and
into regularly experienced conditions that will require materials engi-
neering solutions. Transoceanic passenger flights that complete their
journeys in less than an hour will need engines that withstand super-
sonic air flows and heats of combustion. Multiple-use space vehicles
that ferry astronauts back and forth between Cape Canaveral and
the International Space Station will demand heat shields that
endure fiery re-entries. Our thirst for rare earth minerals and oil

will require deployment of drill bits and cutting tools that—without
breaking—pierce miles of Earth’s crust. Refractory ceramics stand out
as a material solution that demonstrate required performance and
endurance in the face of these challenging environments.
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Binary, covalently bonded, nonoxide
ceramics that incorporate transition metal
Group IV and V elements from the peri-
odic table offer the optimal combination
of refractory properties. These ceramics
include metal carbides, metal borides,
metal nitrides, and metal silicides. They
have attracted interest since the middle of
the 20% century, but their use and devel-
opment has proceeded intermittently in
fits and starts since then.

Their bond strengths ensure that the
melting points of these refractory mate-
rials fall in the 2,500-3,900°C range
(Figure 1). While these ceramics adopt
a broad range of cubic, hexagonal, and
rhombohedral structures, their close-
packed lattices ensure these materials
maintain excellent strength and hard-
ness of well over 200 GPa. Absence of
weakly bonded oxygen in these materials
also strengthens the materials’ resistance
to oxidation. Finally, the covalent nature
of bonding behavior in many of these
ceramic polymorphs facilitates electroni-
cally conductive behavior and even ther-
moelectric properties.?

Although such a wide array of useful
properties in such a broad material family
is incredibly attractive, several important
roadblocks have, to date, precluded
their implementation in many perfectly
suited engineering systems. Economic
and efficient manufacturing stands as
the biggest challenge these materials face.
Metal carbide powders, for example, are
produced via carbothermal reduction
of metal oxides and graphite at over
2,000°C. Subsequently, hot pressure sin-
tering compacts those powders into dense
monoliths—again, at 2,000°C—and while
under over 1 GPa applied pressure. These
compaction systems require significant
energy inputs to operate, are unwieldy
and unsafe, and cannot handle high
throughput capabilities. Moreover, weeks
of tooling often follows the sintering pro-
cess in order to carve compacted formless
monoliths into engineering parts with
precise geometries and sharp angles.

Recent insights into spark plasma sin-
tering have implemented pulsed electric
current through ceramic greenbodies
to efficiently and rapidly compact them
into ceramics.’ These approaches reduce
lead times, yet remain at a small scale:
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to date, they cannot
produce vehicle-scale
heat shields or engine
cowls. Polymer-derived
approaches, which
compact metalorganic

Meiting Temperature {'C)
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molecules into desired
shapes and carbonize

and pyrolyze them

into ceramics, can
’ 2400

yield ceramics at much Metals

lower temperatures
(1,000-1,400°C).4
However, available
chemistries primarily
limit this pathway to
polysilanes (or similar
molecules) that can only yield silicon-
based ceramics (e.g., SiC, Si,N,, SiO).
If other ceramics, such as titanium- or
hafnium-based refractory composites

are desired, silica formers, metal salts

or oxides, and copolymers with oxygen
groups must be included in the pre-
ceramic blend. All of these pathways
embed chemical impurities in the result-
ing ceramic composite and inhibit their
mechanical and thermal properties.

High-char resin: Key to novel poly-
mer-derived refractory ceramics

In 1993, the United States Naval
Research Laboratory (NRL) leveraged its
longtime research into phthalonitriles,
which are thermosets that cure at low
temperatures and remain thermally
stable at high temperatures,’ to develop
a novel acetylenic monomer resin.°

This thermoset is 1,2,4,5
tetrakis(phenylethynyl)benzene
(“TPEB”), which is a meltable aromatic
polymer that contains solely carbon
and hydrogen atoms: C,;H,,. While it
is a powder in a neat stage and melts in
the 170-200°C range, this resin rapidly
cures at 225-250°C and increases its
viscosity from about 0.15 Pa-s to over
250,000 Pa-s. Furthermore, as it is
heated to over 700°C, TPEB chars but
retains a very high carbon yield of over
85%." This polymer has, subsequently,
become the carbon source and key
functional ingredient in a novel polymer-
derived ceramic process.’

NRL'’s ceramics fabrication approach
(shown in Figure 2) blends together this
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Figure 1. A comparison of the melting temperatures of the most
refractory members of several classes of materials. Several
borides, carbides, and nitrides have melting temperatures above
3,000°C and are considered ultrahightemperature ceramics.

resin with powders of metals or metal
hydrides to yield the two-component
homogeneous powder. The subsequent
process step then compacts this preceramic
into a desired preceramic greenbody
shape. This step requires a conventional
hand-powered hydraulic Carver press and
applied loads of 130 MPa or less.

Depending on the application
demands, a broad variety of die con-
figurations—e.g., discs, panels, spheres,
cones—guide the form factors and geom-
etries of resulting shapes. NRL has syn-
thesized samples as small as 6 mm diam-
eter discs that were 1 mm thick and as
large as 15 cm by 15 cm panels that were
over 10 mm thick. The process elastically
scales with requested dimensions and
is viable for production of even larger
components. On the flipside, if the pro-
cessing requires a powder product, this
approach delivers the microscale ceramic
powders as well.

In the next step of processing, the
greenbodies are placed in a tube or box
furnace with flowing inert (argon) gas
and are heated up to 1,400-1,500°C.

As the TPEB resin cures at 250°C, its
exceptionally high viscosity firmly locks
and embeds the metal particles in a cross-
linked rigid carbon matrix. Subsequently,
unlike other polymer-derived processes
that rely on thermoplastic carbon sources,
no material phase separation or flow
occurs in these greenbodies.

As the material transitions through
the 600-750°C thermal processing
range, polymer charring removes hydro-
gens and volatile hydrocarbons from the
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Figure 2. Schematic of polymer-derived ceramics synthesis process that implements
TPEB resin with a high char yield in a low-temperature, pressureless synthesis route to
deliver metal carbides, metal nitrides, and metal borides.

material matrix. Owing to the strong
triple bonds in the acetylenic TPEB
material, the resin retains a larger mass
fraction of its carbon than comparable
thermosets during the char process. This
carbon, subsequently, reaction bonds
with the metals in the 1,000-1,500°C
temperature range to form metal car-
bides. To date, NRL has used it to
synthesize titanium carbide (TiC),’ sili-
con carbide (SiC),'° tantalum carbide
(TaC)," and tungsten carbide (WC).!?
However, practically any transition metal
can be incorporated into this process to
yield a corresponding metal carbide.®
This single-step polymer-derived
ceramics process offers several important
fundamental advantages. Most impor-
tantly, both the cost and processing time
are significantly lower than comparable
refractory carbide manufacturing tech-
niques; the procedure does not require
high temperature sintering and completes
end-to-end manufacture in less than 48
hours. The material ingredients are cheap
and readily accessible. Metal powders can
remain in the micron size and do not
require extensive chemical purification,
surface treatment, or cleaning prior to
use. The polymer precursor can be readily
synthesized in large quantities in conven-
tional industrial processing centers. The
precursor blending process uses a ball
mill, but it does not require excessive
grinding and can upscale for simultane-

ous blending of pounds of preceramic
powders. The temperature that facilitates
this reaction bonding is 600 degrees
lower than that employed in conventional
methods and can produce over 75% in
energy cost savings.

The reaction bonding process that
nucleates metal ceramics from blends of
metal atoms and carbons is a rapid kinet-
ic process that has neither a high activa-
tion barrier nor a self-igniting exothermic
runaway step. The initial preceramics
(Figure 3A) convert to the fully densi-
fied refractory monoliths (Figure 3B) in
a near net shape process. The reaction
bonding step negligibly shrinks the solids
(< 8% volumetric decrease) and retains
the geometric features, such as sharp
edges, that had been preset in the green-
bodies. The material surface morphol-
ogy (Figure 3C) shows a homogeneous
structure without phase separation or
microscale cracking. Leftover free carbon
homogenously disperses throughout the
ceramic matrix and does not agglomerate
into macroscale, structurally weak
aggregate phases.

Low temperature processing offers
another vital benefit that eludes conven-
tionally sintered ceramics. While high-
temperature compaction facilitates densi-
fication kinetics and accelerates pore clo-
sure in greenbodies, the same processes
coarsen crystalline grains of ceramics.!
Owing to the Hall-Petch effect, resulting
dense ceramic mono-
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liths with macroscale
grains lose their hard-
ness and strength
advantages and
become extremely

Image credit: Boris Dyatkin and

Matthew Laskoski

Figure 3. (A) Photograph of a 40 mm diameter preceramic
greenbody of boron and TPEB. (B) Photograph of afore-
mentioned greenbody following its conversion into a B,C
monolith at 1,450°C. (C) Electron microscopy analysis of the
surface morphology of the B,C ceramic surface.
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single-step polymer-derived reaction bonding synthesis of

decomposes the ceramic structure into
weak constituents above 2,100°C." Low-
temperature nucleation of metal ceramic
grains from reaction bonded metal and
carbon atoms yield nanocrystallites that
are narrower than 100 nm across with
tight distributions. Moreover, the free
carbon polymer byproducts further
inhibit grain coarsening.'®

Versatile routes to novel refrac-
tory ceramic nanostructures

Metal carbides are the most intuitive
product of the polymer-derived route
that reaction bonds metals with the car-
bon char of the TPEB resin. However,
this approach facilitates the formation
of other metal ceramics and multice-
ramic compositions.

Slight modification to the process that
yields nanocrystalline titanium carbide
(X-ray diffraction data shown in Figure 4A)
converts the resulting product into
nanocrystalline titanium nitride (TiN).
Introduction of nitrogen-rich functional
groups into the TPEB structure and exe-
cution of the high-temperature synthesis
step under flowing nitrogen (N,) gas (as
opposed to argon) yields this refractory
ceramic (Figure 4B). Moreover, use of
the original, carbon-rich TPEB polymer
and N, gas delivers a core-shell struc-
ture; the resulting ceramic monoliths
demonstrate a rigid carbide core and a
homogeneous nitride shell that envelops
it. NRL has implemented this approach
to synthesize niobium carbide/nitride
composites (Figure 4C). The interface
between the two ceramics is strain-free
and seamlessly transitions from one
refractory material into another.

The viscous nature of the post-cured
TPEB thermoset enables it to func-
tion as a binder in an approach that
produces a different class of refractory
metal ceramics. Preceramic mixtures
that include a transition metal, such as
zirconium or titanium, blended with
boron metal and a small fraction of
TPEB yield metal boride monoliths.
Zirconium boride (ZrB/ZrBZ) (shown in
Figure 4D) or titanium diboride (TiB,)
are examples of these products. In this
pathway, the small mass fraction of
TPEB embeds the homogeneous blend
of boron and the transition metal parti-
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cles in close physical contact (to ensure
high yield), retains the preceramic near
net shape, and forms the free carbon
matrix in the formed ceramic (to con-
trol grain growth).

Thermal, electronic, and mechani-
cal properties

In addition to low cost and a high
degree of customization of synthesis
products and resulting material chem-
istry, the polymer-derived refractory
process delivers ceramic composites
with different fundamental properties.
Subsequently, different refractory car-
bides, nitrides, or borides can address
different technology demands and offer
a broad range of breakthrough perfor-
mances in diverse applications.

To date, engineering studies have
evaluated the oxidative stabilities of
polymer-derived metal carbides in high-
temperature environments, assessed
their electronic and superconductive
capabilities, and evaluated the influence
of their composite structure on their
mechanical strength.

One of the hallmark features of
refractory carbides are their thermal
stabilities and resistance to oxidation
at high temperatures. Several polymer-
derived ceramics, including titanium
carbide (Figure 5A) and silicon carbide
(Figure 5B), were heated up to 1,300°C
under flowing air in a TGA experiment
to assess their performance.

Both TiC and SiC remain stable up
to approximately 400°C. Above that tem-
perature, they undergo an exothermic
process that peaks at 635°C. Between
400°C and 700°C, due to oxidation of
the free carbon and differences in the
ceramic structure, TiC loses 0.5% of
its mass while SiC loses 8.5% weight
percent. Although TiC increases its mass
by 21 wt.% during its high-temperature
oxidation, no further material erosion of
SiC occurs between 700°C and 1,000°C.
Further heating up to 1,300°C yields
a very slow uptake of weight (~3.5%),
which suggests oxidation of the SiC on
the surface and the formation of a SiO,
barrier coating. A similar titania coating
forms on the surface of the TiC ceramic.
Upon cooling and reheating back up to
1,400°C, neither material changes their
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Figure 4. X-ray diffraction analysis of (A) crystal structure poly-
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line grains and free
carbon inclusions,
equally show a range
of these behaviors.
Figure 6A shows the temperature-
dependent resistivity of silicon carbide.
Acting like a semiconductor, its conduc-
tivity increases at higher temperatures.
It demonstrates a measured bandgap of
0.1 eV, and various defects and lattice
deformations in the material matrix all
uniquely and significantly influence the
electronic structure and densities of states.
Temperature-dependent magnetiza-
tion measurements of polymer-derived
tantalum carbide (Figure 6B) highlight
the superconducting electronic properties
of these ceramics at low temperatures.
Diamagnetism onset highlights the tran-
sition of the polymer-derived ceramic
monolith into the superconducting state
that occurs at a temperature of T -~ 10K
Resistivity measurements (Figure 6C) fur-
ther confirm this value. The metal-to-car-
bon ratio in the precursor blend controls
the final stoichiometry of the resulting
tantalum carbide and customizes the ratio
of TaC to Ta,C. Since the latter does not
exhibit superconducting properties, the
polymer-derived ceramic is important for
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Figure 5. Oxidative study of (A) TiC ceramic and (B) SiC ceramic up
to 1,400°C. Source of (A): T. M. Keller et al.’; (B): T.M. Keller et al.’

synthesis of materials that demonstrate
desired electron transport behavior.

The aforementioned polymer charring
process leaves behind microscale pores in
resulting ceramic monoliths. These voids
contribute to noticeable porosity fractions
in the resulting composites, which dem-
onstrate 65-75% densification. Arguably,
the polymer-derived single-step approach
yields particle-based reaction bonded
composite rather than a sintered ceramic
monolith. Hardness measurements of
TaC highlight this difference. Microscale
Vickers hardness values reveal hardness of
approximately 143 H_(1.40 GPa) for tan-
talum carbide, whereas fully densified TaC
typically shows H_of 1600 (15.7 GPa).
Nonetheless, nanoindentation measure-
ments (Figure 7), with values that range
between 7 and 15 GPa, exhibit local hard-
ness nearly equal to that of fully densified
TaC ceramic. Future processing optimiza-
tion strategies will aim to densify materials
with polymer infiltration and pyrolysis,
reaction bonding with metals, and other
commercially scalable densification path-
ways that will reconcile microscale and
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Figure 6. (A) Plot of electrical resistivity as a function of temperature of a solid SiC monolithic disk (2.54
cm in diameter, 0.5 ¢m thick). (B) Zero field-cooled magnetization versus temperature and (C) resistivity
versus temperature of the TaC-nanoparticle comprising pellet. Source of (A): T.M. Keller et al.’®; (B) and
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Figure 7. Nanoindentation curves of TaC-
containing pellet as a function of depth of
indentation. Source: M. Kolel-Veetil et al."

nanoscale hardness of resulting refractory
ceramic composites.

Future materials development

The Advanced Materials section of
the Chemistry division at NRL is steadi-
ly delivering reports of novel additions
to refractory ceramics synthesized via
the low cost, single-step polymer-derived
pressureless synthesis route, and this
trend will continue into the future.
Subsequent efforts will provide more
insights into the metastable material
matrix of charred polymer interspersed
with metal atoms, the nature of the
chemical reaction bonding between
metals, and the kinetics of metal car-
bide nucleation and their subsequent
grain growth at low temperatures.
Finally, process improvements and capa-
bilities to additively manufacture these
materials will improve their commercial
scalability and viability in a broader
range of applications.

Looking ahead, the research will focus
on the unique ability of this synthesis
process to incorporate heterogeneous
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phases into the ceramic preform and
leverage various reinforcement approach-
es to improve the fundamental material
properties of resulting refractory com-
posites. In addition to aforementioned
metal carbide/metal nitride heterostruc-
tures, which had featured seamless junc-
tions between different ceramic phases,
previous efforts had successfully embed-
ded macroscale secondary materials into
the preceramic matrices.

Figure 8A shows a silicon carbide disc
with chopped carbon fibers, which are
several microns thick and about 5 mm
long, homogeneously dispersed through-
out the monolith. Electron microscopy
analysis (Figure 8B) confirms stable inter-
faces between nanocrystalline metal car-
bide and graphitic fibers. No microscale
fractures or macroscale voids form at
junctions of these materials, and the
two phases adhere to each other to form
properly reinforced ceramic composites.

Other forms of reinforcement may fur-
ther tune the structure from the bottom
up and incorporate multiple phases into
the ceramic matrix at the nanoscale level.
Multiphase metals, secondary ceramics,
and carbon nanostructures can be incor-
porated into the preceramic blend and
reaction bond with the bulk refractory
ceramic constituents during synthesis."”
Subsequently, the nanostructure of the
bulk ceramic changes and adopts new
fundamental chemical, electronic, and
structural properties.

This approach provides a unique
capability for resulting ceramic compos-
ites to overcome current capabilities of
bulk ceramics. State-of-the-art refractory
metal carbides, nitrides, and borides
have finite performance limits that are
bound by their respective intrinsic struc-
tures. Top-down reinforcement strate-
gies that incorporate additions during

Wwww.ceramics.org

high-temperature sinter-
ing cannot replicate the
degree of homogeneity and
seamless bonding that the
bottom-up, polymer-derived
approach can deliver.
These research efforts
will allow the polymer-
derived refractory ceramic
route to deliver high-
performance engineering
materials that overcome
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existing limitations. Despite showcasing
high melting points, most ultrahigh-
temperature ceramics are prone to failure
from thermal shock during conditions

of extreme thermal gradients.!’® Under
high dynamic mechanical stresses, many
mechanically strong and extremely hard
carbides develop soft amorphous shear
bands, which are as weak as the graphite
in a pencil, and retain only a mere frac-
tion of their former strength.!” Nanoscale
reinforcements may, among other fac-
tors, facilitate efficient thermal conduc-
tivity, increase lattice ductility, and pin
dislocations in order to preclude their
propagation through ceramic grains.

Commercialization of technology

Since 2017, NRL had partnered with
Nanoarmor, LLC, which is a California-
based startup that aims to develop and
commercialize NRL’s polymer-derived
ceramic technology. Since then, the
two entities have completed several
joint development efforts that advanced
the technology readiness level of the
ceramics, optimized and scaled up key
elements of the production process, and
identified essential supply line elements
that control manufacturing cost and lead
times. Nanoarmor has licensed NRL'’s
ceramics technology in order to accom-
plish these goals.

A core mission of the United States
Research Laboratory is the transition
of research breakthroughs from basic
laboratory studies into targeted applied
developments. In turn, these transition
efforts advance the readiness level of the
technology, scale up manufacturing, and,
by leveraging the capabilities of com-
mercial entities, allow the United States
Navy and the Department of Defense
to integrate novel technology solutions
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into its fleet and related operations. The
Advanced Materials Section has a strong
track record of transitioning its material
breakthroughs, particularly in the areas
of phthalonitrile composites that with-
stand high temperatures, into the hands
of the warfighter. In addition to deliv-
ering important fundamental insights
into polymer-derived reaction bonding
of refractory carbides and formation of
composites, the ongoing ceramics effort
stands to benefit both the commercial
and military enterprise.

Conclusions

Polymer-derived ceramics synthesis
route that implements a high-char ther-
mosetting resin offers a rapid and inex-
pensive capability to pressurelessly syn-
thesize metal carbides, metal borides,
and metal nitrides. The near net shape
process, which requires temperatures
below 1,500°C, reaction bonds precut-
sots into refractory ceramics with high
purities and nanocrystalline grains.
The preceramic blend composition
tunes the chemistry of the resulting
ceramic matrix and allows bottom-up
incorporation of reinforcements and
structural modifiers. In turn, these
control the nanoscale architecture of
the resulting material and take advan-
tage of multiphase refractory ceramic
composites in order to tailor oxidative
stability, mechanical strength, and elec-
tronic properties of resulting ceramic
structures. The versatility and com-
mercial viability of the process enables
it to solve numerous engineering chal-
lenges and enable the use of ultrahigh
temperature ceramics in a broad range
of applications.
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Virtual Glass Summit 2020—ACerS flrst .
virtual conference welcomes high

attendance and variety of glass topics 4/
.

(Credit all images: ACerS) M.

i

pwn P35 sRE T

took place Aug. 3-5, 2020. The meeting serves in lieu

of the Glass & Optical Material Division’s Annual Meet-
ing, which traditionally takes place in May but was canceled
due to COVID-19.

ACerS first virtual conference, the Virtual Glass Summit,

¢ Bio-inspired materials, particularly synthetic bone. Presented by
Antoni Pawel Tomsia, Stookey Lecture of Discovery recipient and senior
scientist emeritus at Lawrence Berkeley National Laboratory.

¢ Phase change materials for optical data storage. Presented by Yifei
Zhang, Norbert J. Kreidl Award for Young Scholars recipient and Ph.D.
candidate at the Massachusetts Institute of Technology.

Following the decision to cancel the in-person annual GOMD
meeting, GOMD chair Jincheng Du and program chairs Jes-
sica Rimsza (Sandia National Laboratories) and Delia Brauer
(Friedrich Schiller University) worked tirelessly to see the idea  ® Optical fibers, including the different types of glasses used and appli-
of a virtual alternative realized. cations beyond telecommunications. Presented by Younes Messaddeq,
Varshneya Glass Technology Lecture Award recipient and professor at

Importantly, we all did not want to see the researchers in the Université Laval (Quebec City, Canada).

glass community miss a year to present due to the pandem-

ic,” Du says. “The impact can be especially large for the e Batch melting thermodynamics and kinetics. Presented by Reinhard
young researchers, who will miss a precious opportunity to Conradt, David Pye Lifetime Achievement Award recipient and retired
attend a conference or make a presentation.” professor from RWTH Aachen University (Aachen, Germany).

The Virtual Glass Summit welcomed 250 attendees from The various sessions and presentations, like the award lectures, also
13 countries, including 93 students. The agenda included covered a wide variety of topics. However, the use of simulations,

102 technical talks, four award lectures, and two social events. particularly first principle calculations, was mentioned time and again

. . , across these different areas.
Compared to in-person meetings, the ratio of attendees-to-pre-

senters was markedly higher. “At our live meetings, we typically “Overall, together with dedicated and supportive ACerS staffs, we are
find that only about 15% to 20% of the attendees are not pleased and proud to deliver the first virtual conference of our society,”

presenting. In this case, greater than 50% of the attendees were DU Says.
not presenting,” ACerS executive director Mark Mecklenborg Recordings from all the presentations will be available to all attendees

says. “I think this is a very positive achievement of the Virtual until May 31, 2021, through the conference site. In addition, the

Glass Summit.” 14" Pacific Rim Conference on Ceramic and Glass Technology including
The four award lectures this year covered a wide variety of GOMD Annual Meeting is scheduled to take place that month as well
glass topics, including from May 23-28 in Vancouver, British Columbia, Canada.
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Attendees, session chairs, and ACerS Staff celebrate a successful Virtual
Glass Summlt during the virtual happy hour on Wednesday, Aug. 5.

n L] [+ . -]

Jincheng Du, below, presents Yifei Zhang, above, with
this year's Norbert J. Kreidl Award for Young Scholars on RSttt ns
Tuesday, Aug. 4.
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ERAMI C
TURING

S CONFERENCE
i > .

JOIN INDUSTRY EXPERTS FOR A DEEPER DIVE INTO CERAMIC MANUFACTURING
CHALLENGES AND PRACTICAL ADVICE ON TESTING AND PROCESS SOLUTIONS.

Learn about the latest ceramic manufacturing industry trends in a safe environment
WHY SHOULD YOU ATTEND ACERS VIRTUAL CERAMIC MANUFACTURING SOLUTIONS CONFERENCE?
* The subject matter. Ten speakers, including one keynote, covering three topics:
— Testing, Quality, and Health & Safety
— Ceramic Processing
— Raw Materials

* The safe environment. Because we can’t meet in person right now, technology has made it possible for you
to attend from your home or office.

e The affordability. You’ll save money on airfare, hotel, tips, and meals. The registration rate is a fraction of the
cost of an in-person meeting.

* Access to all sessions. All presenters will be recorded, so if you have to miss part of the conference, you’ll be
able to go back and watch everything for up to one year after the conference ends.

* The networking. You’ll be able to communicate with the speakers after each session in a live Q&A format.

e Send all your employees. With an affordable registration rate and no travel costs, you can afford to pay for
more employees to attend.
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TECHNICAL PROGRAM
Tuesday, September 29, 2020

SESSION1 10-11:15a.m.
10-10:15a.m. Keynote session
Welcome remarks

10:15-11:15 a.m.
Douglas Freitag. USACA

The state of manufacturing advanced ceramics and
what gaps remain

Freitag

SESSION2 11:15a.m.-12:15 p.m.
Testing, Quality, and Health & Safety

11:15-11:45a.m.
J. Douglas Jeter, Harrop Industries

OSHA’s top 10 citations in 2019 and how you can
avoid them in 2020

11:45a.m. — 12:15 p.m.
Tony Thornton, Micromeritics Instruments Corp.

Powder characterization for ceramic processing
using ASTM test methods

ry

Thornton

12:15-12:30 p.m. 30-minute break

SESSION 3  12:45 — 3:45 p.m.
Ceramic Processing

12:45 - 1:15 p.m.
William Walker, Tenneco Powertrain
Making sense of failure modes and effects analysis

1:15 - 1:45 p.m.
Cathleen Hoel, G.E. Research

Practical considerations for ceramic additive
manufacturing

it

American Ceramic Society Bulletin, Vol. 99, No. 7 | www.ceramics.org

Hoel

1:45 - 2:15 p.m.
David 0’Brien, SINTX Technologies, Inc.

Key steps in successfully manufacturing silicon
nitride

0’Brien

2:15-2:30 p.m. 15-minute break
2:30 -3 p.m.
Bill Carty, Alfred University
A comprehensive approach to ceramic forming

using specific volume diagrams: examples with
extrusion

3 —3:30 p.m.
Marc Bradburry, Bradburry Innovation Group

3D printing: The tool you’re missing

éfadburry

3:30 — 3:45 p.m. 15-minute break

SESSION 4  3:45 - 4:45 p.m.
Raw Materials

3:45-4:15p.m.
Matt Creedon, Washington Mills
Electrofusion of mullite ceramics

Creedon

4:15 - 4:45 p.m.
Mark Snyder, Aimatis

Alumina: A raw material that is (almost) always
behind the scenes

Snyder
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@resources

Calendar of events

September 2020

29 Ceramic Manufacturing Solutions
Conference — VIRTUAL ONLY EVENT;
www.ceramics.org/CMSC

October 2020

4—8 Acers 1227 Annual Meeting with
Materials Science & Technology 2020 —
Virtual Event Only; www.matscitech.org

12-13 Fluorine Forum 2020 Grand
Hotel Huis ter Duin (Noordwijk),
Amsterdam; http://imformed.com/
get-imformed/forums/fluorine-forum-
2020-revised

20-23 = International Research
Conference on Structure and thermo-
dynamics of Oxides/carbides/nitrides/
borides at High Temperature (STOHT)-
Arizona State University, Ariz.; https://
mccormacklab.engineering.ucdavis.edu/
events/structure-and-thermodynamics-
oxidescarbidesnitridesborides-high-
temperatures-stoht2020

26—30 = 81t Conference on Glass
Problems (GPC2020) - Virtual Event
Only;
https://glassproblemsconference.org

November 2020

8—13 7" Int. Conference on
Electrophoretic Deposition (EPD 2020)
— Santa Fe, New Mexico; http://www.
engconf.org/conferences/materials-
science-including-nanotechnology/
electrophoretic-deposition-vii-
fundamental-and-applications

29-Dec 3 2020 MRS Fall Meeting &
Exhibit — Boston, Mass. — Virtual Event
Only; www.mrs.org/fall2020

42

January 2021

20—-22 Electronic Materials and
Applications (EMA2021) — DoubleTree
by Hilton Orlando at Sea World
Conference Hotel, Orlando, Fla.;
www.ceramics.org/ema2021

24—29 45t International Conference
and Expo on Advanced Ceramics and
Composites (ICACC2021) — Hilton
Daytona Beach Oceanfront Resort,
Daytona Beach, Fla.;
www.ceramics.org/icacc2021

March 2021

15—-17 china Refractory Minerals
Forum 2021 - InterContinental Dalian,
Liaoning, China; http://imformed.com/
get-imformed/forums/china-refractory-
minerals-forum-2020

24-29 w2 Global Forum on Smart
Additive Manufacturing, Design and
Evaluation (SmartMADE) — Osaka
University, Nakanoshima Center, Japan;
http://jwri.osaka-u.ac.jp/~conf/Smart-
MADE2020

27-31 » The Int'| Conference
on Sintering 2022 — Nagaragwa
Convention Center, Gifu, Japan;
https://www.sintering2021.org

April 2021

25-30 = International Congress
on Ceramics (ICC8) — Bexco, Busan,
Korea; www.iccs.org

May 2021

3-5 6t Ceramics Expo - I-X Center,
Cleveland, Ohio.; https://ceramics.org/
event/6th-ceramics-expo

16-19 » Ultra-high Temperature
Ceramics: Materials for Extreme
Environment Applications V - The
Lodge at Snowbird, Snowbird, Utah;
http://bit.ly/5thUHTC

Www.ceramics.org

17—20 China Ceramitec 2021-Messe

Minchen, Germany;
https://www.ceramitec.com/en

23—28 14" Pacific Rim Conference

on Ceramic and Glass Technology
(PACRIM 14) — Hyatt Regency
Vancouver, Vancouver, British Columbia,
Canada; www.ceramics.org/PACRIM14

June 2021

28-30 MagForum 2021: Magnesium

Minerals and Markets Conference —
Grand Hotel Huis ter Duin, Noordwijk,
Amsterdam; http://imformed.com/get-
imformed/forums/magforum-2020

September 2021

14—17 20 Biennial Worldwide

Congress Unified International
Technical Conference on Refractories —
Hilton Chicago, Chicago, IIi.;
WWWw.ceramics.org

October 2021

17-21 AcerS 123 Annual Meeting

with Materials Science & Technology
2021 - Greater Columbus Convention
Center, Columbus, Ohio;
WWW.ceramics.org

January 2022

20—22 46" International Conference

and Expo on Advanced Ceramics and
Composites (ICACC2022) — Hilton
Daytona Beach Oceanfront Resort,
Daytona Beach, Fla.; www.ceramics.org

Dates in RED denote new entry in
this issue.

Entries in BLUE denote ACerS
events.

= denotes meetings that ACerS
cosponsors, endorses, or other-
wise cooperates in organizing.

denotes Corporate partner
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Sept. 14-17, 2021 | Chicago, Ill. USA
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NDUSTRY.

CORNING EXPANDS GLASS VIAL MANUFACTURING WITH HHS GRANT

Corning Inc. announced it will receive $204 million from the Biomedical Advanced Research and Development Authority (BARDA), part of the
Office of the Assistant Secretary for Preparedness and Response at the U.S. Department of Health and Human Services. Under the agreement,

-

Corning will substantially expand its domestic manufacturing capacity of
Corning Valor Glass vials to support COVID-19 vaccinations and treatments.
Corning will provide priority access to designated BARDA vaccine and drug
development partners. The investment will enable Corning to accelerate the
§ scale up of glass tubing and vial manufacturing at three U.S. facilities in Big
Flats, N.Y.; Durham, N.C.; and Vineland, N.J.

Corning will expand production at three facilities.

ARDAGH GROUP SEES
INCREASED DEMAND FOR
GLASS MILK BOTTLES

Ardagh Group,
Glass-North Amer-
ica and Stanpac
are providing glass
milk bottles to
meet increased
demand during
the coronavirus
pandemic. Dairy delivery companies are seeing a surge in
demand for glass milk bottles. Ardagh manufactures the
American-made glass milk bottles that Stanpac supplies to
regional dairy brands. Ardagh Group is a global supplier of
recyclable metal and glass packaging and operates 56 metal
and glass production facilities in 12 countries. Stanpac is

a packaging manufacturer with roots in the dairy industry,

Stevanato Group is a privately owned producer of glass packaglng for pharma-
ceutical companies.

STEVANATO GROUP PLANS U.S.
TECHNOLOGY CENTER

Italy-based Stevanato Group, a producer of pharmaceutical glass containers and
drug delivery systems, plans to open its Technology Excellence Center (US TEC) in
Boston in September. The center will support biopharmaceutical companies in the
selection of glass primary packaging design and technology. US TEC will advise

on materials science, chemistry, and engineering, focusing on container closure
characterization as well as fill and finish development and optimization.
Stevanato Group is one of the world’s largest privately-owned designers and
producers of glass primary packaging for the pharmaceutical industry.

providing packaging for_milk,. ice ream, and other food _ S102 SCALES UP GLASS VIAL CAPACITY

products. They also provide direct printing on glass contain-

ers for wine, beer, spirits, and food containers. Si02 Materials Science announced it scaled its manufacturing capacity for glass

vaccine vials ahead of schedule to 400 million doses and is on track to hit

1.2 billion capacity before the end of 2020. Experts have raised concerns about

a potential shortage of glass vials needed to deliver a COVID-19 vaccine. In June,

the company announced a $143 million investment from the U.S. government to

.1 accelerate the production of Si02's primary packaging platform for storing the

& vaccines and therapeutics. To support the scaling of its Alabama-based manufac-

Si02 is based in Auburn, Ala. B turing campus, Si02 is investing an additional $160 million, adding two sites to
the Auburn campus.
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O | owns five manufacturlng plants in Australia
and New Zealand.

O-1 PLANS TO DIVEST
ITS AUSTRALIA AND

NEW ZEALAND UNIT

0-I Glass, Inc. agreed to sell its Australia
and New Zealand business unit to Visy
Industries, a privately owned packaging and
resource recovery company. Gross proceeds
on the sale and a related sale-leaseback
agreement will approximate $947 million.
0-l said the sale follows a strategic review
of its global portfolio and operating struc-
ture. The review is now substantially com-
plete, it said. O-1 is the largest manufacturer
of glass bottles and containers in Australia
and New Zealand, with five manufacturing
facilities located in Adelaide, Brishane,
Melbourne, Sydney, and Auckland, and a
recycled glass processing plant in Brisbane.
Headquartered in Melbourne, the business
generated annual sales of $754 million.

SCHOTT manufactures specialty
glass, glass-ceramics, and related
high-tech materials.

SCHOTT ENTERS INTO
MANUFACTURING
AGREEMENT WITH
LUMUS

SCHOTT, a manufacturer of optical
materials and components for augmented
reality (AR) waveguides, agreed to manu-
facture light-guide optical elements (LOEs)
for Israel-based Lumus. The partnership
adds a new product line to SCHOTT's
offerings to the AR industry. Lumus will handle research and development on the optical
design of the reflective waveguides, as well as their commercialization. SCHOTT will make
them, using its production network with high-end optical glass melting in Germany, its
substrate processing lines in China, and its component factory in Malaysia, where the LOE
assembly line is located. SCHOTT AG is headquartered in Mainz, Germany, and is owned
by the Carl Zeiss Foundation, one of the oldest private science foundations in Germany.

PUYANG REFRACTORIES GROUP WILL
OPEN ITS FIRST U.S. FACILITY IN 2021

PRCO America Inc.,
a manufacturer of
specialty refractory

PRCO AMERICA, INC,
ARty (et Bodt ity LT "

p P T brick for the steel
¥ - industry, plans to open
" | o Ghrect Comnecon s Ciinase Riracisins e its first U.S. production

facility next year in

Graves County, Ky.,
a nearly $5.5 million investment. The operation will produce custom-sized, resin-bonded,
magnesia graphite refractory brick. The Kentucky Economic Development Finance
Authority approved a 15-year incentive agreement with the company, providing up to
$550,000 in tax incentives based on the company’s investment of $5.49 million and
annual targets of creation and maintenance of 32 Kentucky-resident, full-time jobs
over 15 years paying an average hourly wage of $24.50, including benefits. PRCO
America is a division of Puyang Refractories Group Co. The company’s customers
include mini-mill and integrated steel producers in the U.S., Canada, and Mexico.

COLORADO RARE EARTH PILOT PLANT IS COMMISSIONED

A rare earth and critical minerals pilot plant processing facility in Wheat Ridge, Colo., received its required permits,
and its pilot plant is now being commissioned. USA Rare Earth, LLC, the funding and development partner of the
Round Top Heavy Rare Earth and Critical Minerals Project in West Texas, together with

Texas Mineral Resources Corp., made the announcement. The pilot plant is USA Rare Earth 5 M

second link in a U.S.-based rare-earth oxide supply chain and will draw on feedstock from .

the Round Top deposit. With the Round Top project, the processing facility, and the
recent acquisition of a neo-magnet plant formerly owned by Hitachi, USA Rare Earth
said it has a three-pronged strategy to establish a domestic supply chain for rare
earth magnets used in defense applications, wind turbines, electric vehicles,

smart phones, medical devices, and 5G networks.
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HOW TRAINING
AND WORKFORCE
DEVELOPMENT ARE

By David Holthaus

workers was always a priority for manufacturers. Cultivating a
skilled workforce able to adapt to changing technical needs is
critical to staying competitive and continuing to grow.

B uilding and maintaining a pipeline of talented and qualified

Always a challenge, finding and training qualified engineers and oth-
ers who can thrive in high-tech manufacturing environments became
significantly more difficult over the past few months with the spread
of the coronavirus SARS-CoV-2 and the COVID-19 disease
around the world.

The hands-on experience so essential to training the man-
ufacturing workforce suddenly became something to avoid
as schools and workplaces closed, limits on gatherings were
advised, and physical distancing became the norm.

The need for qualified talent never stopped, however, and
now colleges, technical institutes, employers, and others are
figuring out how to nurture the talent pipeline in the era of
COVID-19.

Eduardo Bascaran

CERAMIC & GLASS MANUFACTURING

LEARNING

AT

For all of them, it's been an exercise in adapting on the fly to a prob-
lem they have never encountered before and being prepared to revise
plans as conditions change.

Corning Inc. traditionally maintained a strong internship program,

with 60 to 80 interns a year, composed of both graduates and under-

graduates, just in its research, development, and engineering areas,

says Eduardo Bascaran, the lead human resources manager for those
business units.

Those units also developed a co-op
program, employing five students every
quarter. In the spring, the co-op program
came to a halt, and internship offers had
to be rescinded, as they were at so many
other employers.

The loss of these opportunities, even tem-
porarily, will affect how Corning evaluates
prospective employees, Bascaran says.

Corning Inc.
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“A lot of our research and development and engineering work
involved hands-on experience, and general
experience with processing and characteriza-
tion of glasses and ceramics,” Bascaran says.
Without that experience, “It's more difficult
to assess whether a person has the potential
for hands-on work in the laboratory,” he
says. “We do believe this is going to have an
impact. It's really a lost opportunity.”

While employers like Corning are becoming
reconciled to new workforce conditions
that changed almost overnight, engineering Richard Brow
schools are also adjusting on the fly to new Missouri S&T
safety guidelines and requirements while try-

ing to continue to meet the ever-evolving needs of those employers.

One of the hallmarks of the ceramics engineering program at Missouri
University of Science and Technology is the hands-on experiences that
both undergraduate and graduate students receive.

When the COVID-19 pan-
demic hit, Missouri S&T
students designed and

1 3D printed face masks for
local health care providers
and first responders.
Credit: Missouri University
of Science and Technology

“They make the powders, consolidate materials, they know how to
make glass,” says Richard Brow, a longtime professor of
ceramic engineering at Missouri S&T. “When they go off to
internships or co-ops with companies, our kids are ready to
contribute because they've had these experiences.”

Graduates of the Bachelor of Science program in ceramic
engineering typically go to work at ceramic manufacturers
such as O-I or Kohler, or at companies that use ceramic
materials in their products, such as GE or Caterpillar.

The laboratory experience at Missouri S&T and elsewhere
had to change radically in the spring. In Brow's glass class
in March, he asked graduate students to walk through the
lab exercises and had them videotaped and made available
to undergrads. However, “Looking at a computer screen is
a heck of a lot different than putting on protective equipment and
going in a furnace and pulling out molten material and making a
glass,” Brow says. “You need that physical experience to fully under-
stand a process.”
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The American Ceramic Society offers a series of short courses
online that expand on foundational topics and are geared to engi-
neers, scientists, operations professionals, and students looking to
improve their materials science knowledge. Go to www.ceramics.
org/courses for details on these courses:

¢ Introduction to Ceramic Science, Technology, and Manufacturing
* Drying of Ceramics

¢ Introduction to Refractories

¢ Glaze Manufacturing for Industry

® Firing of Ceramics

¢ Fundamentals of Industrial Glass Melting Processes

¢ Dispersion and Rheology Control for Improved Ceramic
Processing

o Statistical Process Control in Ceramic Processing
o Additive Manufacturing of High-Performance Ceramics
e Glass Corrosion

 Nucleation, Growth and Crystallization in Glasses—
Fundamentals and Applications

o Sintering of Ceramics

¢ Introduction to Machine Learning for Materials Science

Although conditions were still evolving in late summer, Brow says
Missouri S&T was planning to run labs in shifts to
maintain adequate physical distancing. Students
could opt out and take online versions, he says.

Colorado School of Mines also enjoys a reputa-

tion as a hands-on materials science engineering |
school whose graduates have received jobs in the
auto industry, aerospace, refractories, semiconduc-
tors, as well as at hometown ceramics manufac- "
turer Coorstek in Golden, Colo. ‘ k
Geoff Brennecka, an associate professor and :
assistant director of the materials science pro-
gram, is teaching a ceramics class at Mines this
school year, and although things were subject to change, was moving
ahead with plans to conduct labs on campus and in person.

He said the school is prioritizing the lab experiences by asking instruc-

tors to conduct lectures remotely so the labs can remain on campus.

Geoff Brennecka
Colorado School of Mines

CERAMIC & GLASS MANUFACTURING

“The hands-on lab stuff, where you really have to get in and work
with the equipment that not everybody has in their kitchen or in their
garage, we want to make sure as few people are on campus as fea-
sible, so those experiences don't suffer,” he says. “It's better to push
those things off campus that can be done remotely. That way we can
preserve the on-campus environment and experience for the things
that can't be done remotely.”

He plans to run the labs in shifts so fewer students are present at any
one time and distancing can be maintained.

"Qur great challenge now is how to we bring that experience to
students under conditions that are much different than they were in
February,” Brow says.

It's a work in progress as conditions are changing rapidly, and
school policies and procedures are stressing flexibility and change
above all else.

Brennecka says he's mostly concerned about how the experience of
working in teams will change as smaller lab sizes and remote, virtual
learning become the norm.

Employers, he says, “are always looking for people who have demon-
strated that they can work in teams and can solve problems. Those
are skills that engineering students develop through the entire experi-
ence on campus. It's a much more holistic experience.”

“How does the very concept of working in teams change moving for-
ward?"” he asked.

That's a question that can't be answered yet, but if
virtual meetings and professional interactions become
the new normal, today’s students will be prepared for
that, he says.

“The default is that we're all going to be using the
same kinds of tools for that kind of engagement, so
the students that come out of here in a couple of years,
they’re working in Zoom or have been doing that
already for years.” Brennecka says.

Brow also sees educational value in students and
teachers creating virtual experiences. Creating a virtual
reproduction of a lab exercise was instructional, he
says. “It's an opportunity for us to provide a deeper
description of the chemistry and physics that's going on,” he says.

“To the kids who can’t come back or who don‘t want to come back,
we will have these elements available,” he says.
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Two-year technical colleges
are also dealing with rapid
change in how training is
delivered to future manufac-
turing employees. Providing
job-specific training remote-
ly was already challenging,
and employers are asking
for it to be accelerated, says
Vicki Maple, vice president
of economic development and innovative workforce solutions at
Central Ohio Technical College.

Credit: Colorado School of Mines

“One of the great changes has been: how can very specific training
be delivered remotely but also in an accelerated fashion,” she says.

“Before, we were looking at one-year certificates and two-year
degrees,” she says. “Now, we're having to look at hours and weeks

where we have to deliver intense training and development programs

to advance the labor force to where they need to be.”

Maple, who also heads the college’s Workforce Development
Innovation Center, says employers are also looking for help in identi-
fying people with leadership skills and getting them trained so their
careers can advance and step up to more responsible roles at their
workplaces. Her organization has provided leadership training to
about 800 people just since the pandemic emerged, she says.

The pandemic and the shift to working at home actually created
opportunities for professional development. At Corning, with more
time available due to no commuting and fewer meetings, experts
within the company were willing to volunteer their time to create
training opportunities, Bascaran says.

Employees created a glass class that included 14 30-minute sessions
over seven weeks that were recorded for later review. Online atten-
dance ranged from 150 to 300 people, and 600 people attended at
least one module, he says.

Corning also connected employees to other online development
opportunities offered by Massachusetts Institute of Technology and
other organizations.

“It was not a grand strategy, we just took advantage of the opportu-
nity," he says.

When the time comes to return to the office, “We may continue to
take advantage of those opportunities,” Bascaran says.

Colorado School of Mines foundry and lab in pre-pandemic times.

No one knows when that time
may come, but until it does, work-
force professionals will continue
to adapt to the ever-changing
times and needs of employers. 7

Vicki Maple
Central Ohio Technical College

Precision High Temperature Vacuum Furnaces

mrf-furnaces.com
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A holistic approach to developing a modern manufacturing workforce

This article was first published on the National Institute of Standards and Technology's Manufacturing Innovation blog. It was edited for
length. The full version can be found at https://www.nist.gov/blogs/manufacturing-innovation-blog/holistic-approach-developing-modern-

manufacturing-workforce.

By Mary Ann Pacelli

The Oregon Manufacturing Extension Partnership’s (OMEP) Smart
Talent methodology was launched in 2015 to help small and medi-
um-sized manufacturers (SMMs) address workforce challenges with
systematic approaches to recruitment, hiring, onboarding, and early
career development.

OMEP has used the methodology with 95 organizations, in engage-
ments ranging from 16 weeks to 18 months. It has responded to
client needs by expanding the program to become an integrated
holistic approach called Workforce Solutions, which includes
managerial training, organizational development, and executive
leadership.

Smart Talent has been adopted across the MEP National Network
by Centers in Hawaii, Montana, Tennessee, and Puerto Rico. Several
others are considering the methodology.

Smart Talent was developed to help manufacturers with the
increasingly common—and growing—issue of finding talent to
replace an aging workforce. Staffing issues often resulted in quality,
productivity, and morale issues, according to OMEP consultants
Paola Castaldo and Russ Gaylor.

In many cases, SMMs were trying to quickly onboard new employ-
ees for productivity’s sake. They struggled with developing effective
processes and the people skills required for training, often opting
for hiring an experienced technical expert. Entry-level turnover
was high, and tribal knowledge was difficult to translate to new
employees.

The Smart Talent methodology thrived with its end-to-end approach
to recruitment and training. Elements included:

e Expanding the prospect pool by rewriting job descriptions to be
more attractive to tech-oriented candidates and broadening recruit-
ing outlets.

® Moving the burden of onboard training from team leaders to
the staff, which creates more of a knowledge-sharing culture and
repeatable process.

¢ Using proven adult-learning approaches for more structured
on-the-job training, which provided more clear career paths.

e Creating a learning culture in the organization.

OMEP has continued to tweak its methodology, working with its
partner MEP Centers to develop new processes, apply best prac-
tices, and absorb lessons learned. Smart Talent now encompasses
the entire lifecycle of an employee and scope of the company, from
entry-level positions to organizational alignment. It is customizable
and scalable.

Gaylor offered up a current success story in which CabDoor, a
cabinet maker in Salem, Ore., was experiencing high attrition for
entry-level hires, some of whom were in their first full-time job.
New employees were expected to be at an 80% production level
by the end of a third shift. Some of them were overwhelmed from
the start.

Of those that made it through the onboarding process, only half
were completing the competency test to advance to the next level
of employment.

In response, OMEP and CabDoor designed a three-day bootcamp
for new hires. Half of the group was on the floor learning job
duties, while the other half was in a classroom setting learning
about the company, its products, compliance issues, and more. The
groups changed places at midday. At the end of three days, the
integration of new employees was more effective, and 95% of the
new hires had passed the measurement test to become eligible for
the next job level.

For more information about how the Smart Talent program works,
contact Mary Ann Pacelli at mary.pacelli@nist.gov or your local
MEP Center.

ABOUT THE AUTHOR

Mary Ann Pacelli is acting division chief of Network Learning
and Strategic Competitions at NIST's Manufacturing Extension
Partnership. Contact Pacelli at mary.pacelli@nist.gov.
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BULK BAG WEIGH

BATCHING CONTROLS
COMPENSATE FOR |
TERRA COTTA INGREDIENT

VARIATIONS

ladding, McBean (Lincoln, California) is a leading manufacturer

of terra cotta products. Founded in 1875, the company mines

clay from its own reserves and combines traditional methods
with modern technology to create roof tiles, floor and paving tiles, clay
pipe, ornamental pieces, and architectural elements for buildings.

To streamline batching and mixing of clay blends for different prod-
ucts, the company installed five bulk bag dischargers and five pairs
of flexible screw conveyors from Flexicon to automatically deliver
weighments of bulk ingredients for blending of clay compounds. The
system cut dispensing and weighing time for each batch by half and
reduced out-of-spec material and scrap by 95%.

COMPENSATING FOR RAW MATERIAL VARIATIONS

Clay is a natural material that varies in composition, so the company
must determine the ideal ratio of ingredients for various products.
“We have to ensure that what we create in the lab will translate to
the final material. The only way to accomplish that is to maintain pre-
cise control of production,” says Joe Parker, operations manager.

The clay is sourced from the company’s nearby mine, classified,

and loaded into bulk bags at the plant. Crushed, recycled ceramic
material called grog is the other major component used in the man-
ufacturing of terra cotta.

To prepare a batch, operators previously retrieved clays and grogs
from bins, weighed them on a scale, and transferred them to the
mixer using an open trough conveyor.

The new batching system, supplied by Flexicon Corp. (Bethlehem, Pa.),
integrates bulk bag dischargers, flexible screw conveyors, and a central
weigh hopper, all of which are actuated by programmable controls, also

Bulk bag dischargers and pairs of flexible screw conveyors at the Gladding,
McBean site. Credit: Gladding, McBean

from the supplier. The system enables Gladding, McBean to vary bulk bag
discharging, conveying, weighing, and mixing on a batch-by-batch basis
according to recipes developed in the lab. A human machine interface
(HMI) includes options for automatic or hand-mode operation, as well as
setpoints, adjustments, status, start/stop, completion, and other parameters.

Once the recipe is programmed for a batch, each ingredient is con-
veyed by a flexible screw conveyor from a bulk bag discharger to

a central weigh hopper. Load cells supporting the hopper transmit
weight gain amounts to the controller, which steps down the con-
veyor's feed rate to dribble before stopping it once the precise batch
weight is gained. The system weighs up to 30 batches per day, with
improved accuracy and reduced labor.

WEIGHING IN ON BATCHING PERFORMANCE

“The versatility of the system makes it cost efficient,” says Egidio
Modolo, plant manager. “It's a simple, straightforward process, and an
efficient way to measure and transfer clay to the blender.”

He notes that no maintenance was required in the six months since
installation, and that throughout discharging, conveying, and mixing,
the enclosed system prevents dusting.

“We can make a small or large batch, and alter the recipe and raw
materials,” Parker says. “Currently, we have two different clays and
three different grogs. We can change that any time.”

Microscopically, clay is very abrasive, Parker adds. “It will destroy just
about any equipment you use, over time. One of the reasons we chose
this system was for simplicity of maintenance due to few moving
parts, which should minimize downtime.”

Having the system in place, Parker says, “opens up possibilities for
other types of products and materials that need the same type of
batching accuracy.” W
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EXIBILITY MATTERS:

HIGH PURITY, THIN,
FLEXIBLE ALUMINA

RIBBON CERAMIC

**Corning first showcased
this material at the
2019 Ceramic Expo.

By Chenggang Zhuang, Yan Wang, Ling Cai, Jody Markley, Heather Vanselous,

Nikolay Zhelev, Seong-ho Seok, Lanrik Kester, and Michael Badding

evice manufacturers need innovative new materials to develop

smarter, faster, and smaller next-generation electronic devices.

Corning has invented a new generation of high-performance
ceramic substrates in entirely new form factors that can help solve
customer problems.

We demonstrate a unique process able to make high-purity, thin, con-
tinuous ceramic ribbons with a dense and fine microstructure. The thin
form factor enables fast sintering rates. Across a broad composition

space, materials such as zirconia, alumina, and silica can be produced.

In this paper, we introduce a high-performance alumina ribbon ceramic
(>99.9 % pure, 1.4 um fine grains, thin, flexible, and large area) and
outline the ceramic’s key properties; we also discuss process capabilities
demonstrated on this new form factor. This product advances electronic
devices with low loss, good heat management, and size miniaturization
in high speed data communication (e.g., 5G/mmWave, THz), which is
especially essential in unconventional curved or conformal design. The
thin ceramic substrate supports nonepitaxial thin film growth, in which
a sapphire-like attribute is required as well as large size, thinness, and
low manufacturing cost.
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FLEXIBLE ALUMINA?

If any material is thin enough, it can be flexible. But to be useful in
high-tech manufacturing, ultrathin materials need to remain durable
and stable in processing and end use. It's a tough problem, and Corning
solved it with ceramics thin enough to be spooled on a roll.

Manufacturing of thin ceramics is very difficult due to the challenge of
suitable shape control. Traditionally, thin ceramics are fabricated through
a costly conventional polishing approach, which limits achievable thick-
nesses and wafer size. Therefore, identifying a cost-effective process capa-
ble of producing high-purity, ultrathin ceramics with good shape control
would be a significant innovation for thin sheet technical ceramics.

Corning developed a novel fast sintering process, in which a contin-
uous formed green tape is conveyed through a sintering furnace in a
continuous fashion to form a continuous sintered ceramic ribbon. It is
a high-temperature, short-time sintering approach, which is possible
because thin ceramics can tolerate rapid heating and cooling rates. For
example, compared to conventional sintering cycles, which may take
many hours or even days, the new firing cycle lasts only minutes.

Figure 1. Microstructure of alu-
mina ribbon ceramic. (A) SEM
on grain size, porosity; (B) TEM
on grain boundary; (C) Atomic
force microscopy on surface
roughness; (D) Pole figures on
grain orientation.

Credit: Corning, Inc.
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Figure 2. Different form
factors of ultrathin alu-
mina ribbon ceramic.
(A-B) roll form, (C-D)
sheet form/panel, and
wafer (E) “cable” form/
long narrow strips.
Credit: Corning, Inc.

This novel sintering process enables several attractive product attributes,
including low manufacturing cost and long lengths. Widths of up to 100
mm of spooled alumina were demonstrated for spools up to about 100 m
long, and it is potentially scalable to 200 mm or 300 mm width to meet
size requirements for most semiconductor wafer processes. Thickness is
limited by bend stress and ranges from 20-100 pm for alumina.

MICROSTRUCTURE

Compared to conventional sintering, our process favors densification
over grain growth in alumina, where high-temperature/short-time sin-
tering enables dense and fine grain microstructures.'

Figure 1 shows microstructural data collected on the dense and fine-
grained features of an alumina ribbon ceramic sample. Image analysis
on the cross-sectional electron backscattering diffraction image gives a
grain size of about 1.4 pm and SEM porosity of less than 0.4% at pore
size of about 190 nm (> 99 % dense), which is also distributed uniform-
ly along the thickness (Figure 1A). Transmission electron microscopy
reveals clean grain boundaries with no apparent amorphous film or
segregation of impurities (Figure 1B).

As a result of the fine grain, native surface roughness, Ra, retains at
30-50 nm (Figure 1C). This level surface roughness is between typical
smooth surface (like glass) and rough surface (like PCB), thus favoring
copper adhesion and also enabling fine line structure in metallization
processes. Therefore, it should be sufficient for most application cases.
Further requirements on surface smoothness (a few nanometers or even
less for thin film devices) could be achieved through electropolishing or
planarization. Pole figures in Figure 1D proves randomly oriented grain
growth and uniform grain size distribution.

FORM FACTORS

Alumina ribbon ceramic is produced in rolls (Figure 2A) and supplied
as panels or wafers with appropriate cutting (Figure 2B) either through

laser or mechanical saw cutting. Figure 2C and 2D show the two most
widely used geometries: 100 mm x 100 mm square panels and 100
mm diameter round wafers. The capability of alternative form factors,
such as meter-long narrow ribbons, are demonstrated in Figure 2E. This
format is unique to thin ribbon ceramics and could be very useful for
applications requiring thin, long, and flexible substrates, such as dielec-
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Figure 3. Surface strength with ball on ring test (blue) and flexural strength
with two-point bend (laser edge [yellow] and mechanical cut edge [red])
on 40 pmt alumina ribbon ceramic. Credit: Corning, Inc.

tric waveguides and harsh environment sensors. The example in Figure
2E is a 1 m long strand that is 40 pm thick and 0.5 mm wide. Until now,
a long-length, flexible, high-purity alumina ribbon ceramic form factor
was not attainable.

MECHANICAL PROPERTIES

Benefiting from a dense and fine grain microstructure, alumina ribbon
ceramic exhibits a high surface strength and edge strength, which
could potentially make handling the material easier and less prone

to breaking compared to conventionally ground thin-sheet ceramic.
Characterizing mechanical properties on thin substrates could be chal-
lenging as the sample is too thin and flexible for conventional three- or
four-point bend testing. Instead, we combined a ball-on-ring test for
surface strength* and two-point bend test for flexural strength® on

40 pym alumina ribbon ceramic.

The ball-on-ring test* provides an “intrinsic” type surface strength
measurement while surveying a very small test area, and the two-point
bend test is better for evaluating process and handling flaws as it tests
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Figure 4. (A-B) Thermal conductivity and thermal resistance comparison
between alumina ribbon ceramic, conventional sheet alumina, and alumi-
na nitride; (C) lllustration of thermal shock tolerance and heat dissipation
on 40 pmt alumina ribbon ceramic with a torch experiment.

Credit: Corning, Inc.
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a larger area. Figure 3 shows Weibull plots of probability of failure
against applied stress in these two different test configurations. A test
set with 3 mm diameter stainless steel ball, 4 mm diameter support
ring, and 8 mm x 8 mm sample was used for the ball-on-ring test at
1.2 mm/min test speed. The surface strength resulted in a Weibull B10
(10% of probability of failure) of about 1.3 GPa, corresponding to maxi-
mum flaw dimension of about 6 pm.

For two-point bend on flexural strength, two sets of samples cut with
laser and mechanical saws were tested. While a Weibull B10 of about
600 MPa (and average bend strength of 720 MPa) on laser trimmed
edges revealed in the plot indicates edge flaws impact strength, this
strength is superior to conventional ground thin-sheet alumina

(~400 MPa). Mechanically cut edges show strength about equal to laser
trimmed edges with a somewhat wider distribution, indicating alumina
ribbon ceramic could accommodate a conventional die cut process.

THERMAL PROPERTIES

Many applications take advantage of alumina’s good thermal proper-
ties. The thermal conductivity of Corning ribbon alumina is

36-38 W/m-K, measured by a hot disc method.® Due to its ultrathin
thickness, the thermal resistance of 40 pmt alumina ribbon outperforms
alumina ceramic of standard thicknesses of 250 pm or more, and it is
comparable to a 250 pmt AIN ceramic typically used in situations in
which thermal conductivity is paramount, shown in Figure 4A and 4B.

Figure 4C illustrates the extreme thermal shock tolerance and rapid
heat dissipation of 40 um thick alumina ribbon ceramic. Alumina ribbon
ceramic can withstand fast local heating over 1,400°C in the center,
which would break most thick ceramics as thermal stress accumulates.
After removal of the heating source, the body temperature quickly drops
to room temperature within 15 second. This attribute could help solve
heating problems as high speed, high function integration and device
miniaturization becomes an increasing demand in advanced electronics.

OPTICAL PROPERTIES

Porosity scatters light very effectively, due to the large difference in
refractive index between the gas-filled pores and the alumina matrix
(No5e~Ts Nyuming~1.76). Figure 5 plots total and diffuse transmittance and
scatter ratio from UV to near IR wavelength range on a 40 ymt alumina
ribbon ceramic specimen for a sample—detector distance of 15 cm. The
sample shows about 80% total transmittance in the visible range with a
certain level of haze, which is visually illustrated by a set of comparison
at zero distance vs. 15 mm between alumina ribbon ceramic and paper
underlayment in Figure 5B. Transparency increases as the spectrum
moves from visible toward the infrared region.

ELECTRICAL AND DIELECTRIC PROPERTIES

Alumina is one of the best-known low loss dielectric materials for high
frequency signal transmission. In Figure 6A and 6B, the dielectric con-

stant (D,) and dielectric loss (D;) of alumina ribbon ceramic were mea-
sured on an Fabry-Perot open cavity” from 10 GHz to 60 GHz and com-
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pared with commercial alumina ceramics (at different purity levels), fused
silica, and one commercial low loss laminate. Because of its high purity
and dense microstructure, alumina ribbon ceramics show remarkably low
loss tangent (D; ~ 1x10) across the entire test spectrum, which approach-
es the accuracy limit of this test method, indicating low dissipation of
electromagnetic energy propagation. Coupled with high Dk of about 10,
ultrathin alumina could enable device miniaturization and be attractive for
a variety of RF devices, for example, compact passive devices, low loss and
crosstalk waveguides, and small near-field antennae.

The loss tangent stays almost flat under a test frequency range up to

60 GHz and test temperatures up to 100°C (measured at 10 GHz on a split
post resonator, Figure 6C). These properties enable device design across a
wide bandwidth and application temperature range.

The DC breakdown voltage/dielectric strength of alumina ribbon ceramic
was characterized and plotted in temperature and substrate thickness in
Figure 6D (ASTM D149, DC voltage, oil for RT test, air for elevated temp).
Alumina ribbon ceramic 40 pmt shows about 10 kV breakdown at room
temperature and retains about 5 kV at elevated temperature of 300°C,
with performance close to double for 80 pmt substrate at these tem-
peratures (<300°C). These properties could be useful for miniaturization
designs of power electronic devices.

MICROVIAS AND METALLIZATION

Microvias are holes up to 150 pm in diameter, generally laser-drilled,

that connect layers in high density interconnect substrates and printed
circuit boards. High quality microvia structures can be achieved directly on
alumina ribbon ceramic through laser ablation, providing good thermal
conductivity while maintaining thinness, which is essential for modern

3D electronics packaging design. Small via size and high via density are
achievable on alumina ribbon ceramic at low aspect ratio (AR ~ 2 defined
as substrate thickness/average via diameter) because of the material’s
thinness and good mechanical strength.

Figure 7A shows a 5 x 5 via array at 20 pm via diameter made in 40 pm
thick alumina ribbon ceramic (at 400 pm center-to-center pitch), and

Figure 7B (at 40 ym center-to-center pitch) corresponds to local via densities
of 6 vias/mm? to 600 vias/mm?. The via is taper shaped with a smooth inner
wall, good edge quality, and no microcracks, as shown in Figure 7C and 7D.
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Figure 6. (A-B) Dielectric constant D, and loss tangent D, vs freq. on
typical RF low loss materials, ceramics, fused silica and low loss lami-
nate; (C) D/D, vs Temp. at 10 GHz for alumina ribbon ceramic;

(D) DC breakdown voltage (kV) vs temperature on various thicknesses
of alumina ribbon ceramic. Credit: Corning, Inc.

Figure 7. (A-B) 5x5 20 pm via array at different pitch (400 pm, 40 pm);
(C-D) Various via cross sections; (E) Test pattern with about 25,000
40 pm size vias on a 40 umt 4-inch alumina ribbon ceramic wafer.
Credit: Corning, Inc.

Figure 7E is an example of a test via pattern constituting of about
25,000 vias at 40 um via size and minimal 90 pym center-to-center
pitch on a 40 pmt, 100 mm diameter alumina ribbon ceramic wafer.

Metal trace can be achieved by different means on alumina rib-
bon ceramic. Figure 8A shows a subtractive process for thin film
metallization, including sputtered copper (or other metals) with
a titanium adhesion layer, and a spin-coat photolithography pro-
cess to define the pattern. Patterning with minimal 2 pm lines/
spacings was demonstrated on 40 ymt alumina ribbon ceramic
with a layer of 200 nm sputtered aluminum (SEM image of 5 pm
line in Figure 8C). Although not shown here, we also achieved
1.5 pm L/S on 150 nm sputtered copper. Figure 8B shows a

57


http://www.ceramics.org/ceramicandglassmanufacturing

58

semi-additive process for thicker copper metallization, which uses a dry film pho-
toresist for patterning, and the metal layer is built with electroplating process.
Figure 8D shows minimal 10 ym lines/spacings achieved on 20 um plated copper.

Microvias can be metallized either fully filled or conformal coated by choosing appro-
priate process parameters. Figure 8E gives CT scan images showing high quality via
filling is feasible on both of 60 um opening diameter filled via at 30 pm plated cop-
per and 40 pm opening diameter conformally coated via with 10 ym plated copper.
Figure 8F is a double side metallization test pattern with filled via by 20 pmt electro-
plated copper (minimal L/S: 10 pm); and Figure 8G is another example of aerosol jet
printed pattern with 5 pm thick silver at 150 pm line width.

The ability of putting small and high density via and achieving fine line metallization
is important to device design with high packaging density.

FLEXIBILITY AND ROLL TO ROLL PROCESSING

Thinness and flexibility enable flexible or conformal device design. Limiting bend radius
is a function of thickness at a given modulus. Figure 9A plots bend stress vs. bend
radius for different thickness alumina ribbon ceramic. A 17 mm bend radius on 40 pmt
alumina ribbon ceramic yields 500 MPa bend stress on edge. Maximum bending should
not exceed this number to avoid fracture, given its 600 MPa flexural edge strength. If
using the 50% strength guideline, the recommended bending radius is 35 mm and 70
mm for 40 pmt and 80 pumt alumina ribbon ceramic, respectively, corresponding to 3-in
and 6-in roller diameters. Figure 9B shows successful winding of a piece of 15 mm wide
and 40 pm thick alumina ribbon ceramic strip on a 1.5-in diameter roller.

Thin flexible alumina ribbon ceramic provides a set of attractive attributes of
high-performance technical ceramics; with its unique form factor, it can fit into many
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Figure 8. (A-B) Scheme of two photolithography processes for a patterned metallization
layer on alumina ribbon ceramics; (C-D) Examples of pattern resolution with process

A and B; (E) Via filling and conformal coating; (F) Example of direct plated copper
(semi-additive process B); (G) Example of aerosol jet printing (additive process).

Credit: Corning, Inc.
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Figure 9. (A) Stress vs. bend radius over different thickness of alumina ribbon ceramic;
(B) Example of conveying 40 umt alumina ribbon ceramic. Credit: Corning, Inc.
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unique designs in a broad application space. Potential
application includes low loss substrate or waveguide for
high speed data communication (from RF to THz), large
size flexible sensors for high temperature or harsh envi-
ronment, thermal management substrate for high power
devices (LEDs, VCSELs), flexible heaters, and actuators,
among others.

It has been demonstrated that alumina ribbon ceramic is
compatible to those key downstream processes. However, as
a thin inorganic material, handling could be challenging with
current manufacturing processes that are designed around
thick substrate. Further process developments, such as tem-
porary bonding to a carrier and/or application to a continu-
ous roll-to-roll process, could alleviate this challenge. P

ACKNOWLEDGMENT

We thank Crystal McRae, Yinghong Chen, Kristopher
Wieland, Scott Aldrich, Jamie Westhrook, and Scott Pollard
for sample preparation, measurements, and technical
discussion. Thank you to professor Mark Poliks and his
group at CAMM (the Center for Advanced Microelectronics
Manufacturing) for aerosol jet printing.

ABOUT THE AUTHORS

Chenggang Zhuang is project manager of crystalline
materials research at Sullivan Park Research Center,
Corning, N.Y. Yan Wang, Ling Cai, Jody Markley,
Heather Vanselous, Nikolay Zhelev, Lanrik Kester, and
Michael Badding are also researchers at Sullivan Park
research center and Seong-ho Seok is researcher at
Corning Technology Center in Korea. Contact Zhuang at
ZhuangCG@corning.com.

REFERENCES

'Harmer M, Roberts E, Brook R. Rapid sintering of pure and
doped alpha Al,0O,, Trans J Brit Ceram Soc. 78(1): 22-25 (1979)

3t

2Harmer MP, Brook RJ. Fast firing—microstructural benefits.
Trans J Br Ceram Soc. 80(5): 147-148 (1981)

3Brook R. Fabrication principles for the production of ceramics
with superior mechanical properties. Proc Br Ceram Soc. 32:
7-24 (1982)

“With G, Wagemans HHM. Ball-on-ring test revisited, J.Am.
Ceram.Soc. 72(8): 1538-1541 (1989)

>Gulati ST, Westbrook J, et. al. Two Point Bending of Thin Glass
Substrate, Society for Information Display 42(1): 652—654
(2011)

®He Y. Rapid thermal conductivity measurement with a hot disk
sensor, Thermochimica Acta, 436: 122—129 (2005)

’A.L. Cullen and P. K. Yu, The accurate measurement of per-
mittivity by means of an open resonator, Proc. R. Soc. Lond. A.
325, 493-509 (1971)


mailto:ZhuangCG@corning.com

www.ceramics.org/ceramicandglassmanufacturing

ADVERTISERS...

SEPTEMBER 2020 ¢ VOLUME 1 « ISSUE 4
ADVERTISERS

American Elements
www.americanelements.com

Outside back cover

Materials Research Furnaces 7
www.mrf-furnaces.com

OptiPro 1"
www.optipro.com

The American Ceramic Society Inside front cover

www.ceramics.org

LOOKING FOR A WAY
TO REACH CERAMIC
AND GLASS INDUSTRY
DECISION MAKERS?

ON A CONSISTENT BASIS?
WITH A SMALL BUDGET?

Contact our advertising sales team today!

Advertising Sales

Mona Thiel, National Sales Director
mthiel@ceramics.org
ph: 614-794-5834
fx: 614-899-6109

Advertising Assistant Europe

Pamela J. Wilson Richard Rozelaar
pwilson@ceramics.org media@alaincharles.com
ph: 614-794-5826 ph: 44-(0)-20-7834-7676
fx: 614-942-5607 fx: 44-(0)-20-7973-0076

VOLUME 1

CeramiQGIaSS

MANUFACTURING

Issue Theme

Globalization: Doing business

Dl 0 in China, Vietnam, and India

April 2020 Brealflng in: A s_mall company guide to
working with big companies

June/July 2020 Smartc manufacturing: Good business
practices for manufacturers

September 2020  Workforce development

December 2020  Standards: Guideposts to quality

Ensure you get every issue!
Sign up today for your free copy at
www.ceramics.org/ceramicandglassmanufacturing

59


http://www.ceramics.org/ceramicandglassmanufacturing
http://www.americanelements.com
http://www.mrf-furnaces.com
http://www.optipro.com
http://www.ceramics.org
http://www.ceramics.org/ceramicandglassmanufacturing
mailto:mthiel@ceramics.org
mailto:pwilson@ceramics.org
mailto:media@alaincharles.com

E AMERICAN

THE ADVANCED MATERIALS MANUFACTURER ®

2 2

Helium
.

Beryllium Boron Carbon Nitrogen Fluorine Neon

| e
Mg Al Si| P Cl' Ar
s e | e | oo - |
Magnesium Aluminum Silicon Phosphorus. Chlorine Argon
|t

a Sc Ti - V'  Cr Mn Fe Co Ni Cu 2Zn Ga Ge As’ Br Kr-°
Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc. Gallium ‘Germanium Arsenic Bromine Krypton
Sr: Y Zr' Nb' Mo’ Tc: Ru’ Rh' Pd" Ag' Cd: In: Sn® Sb: I © Xe:
87.62 88.90585 91224 92.90638 95.96 (98.0) 101.07 102.9055 106.42 107 8682 112411 114818 11871 12176 126.90447 131.293
‘Strontium Yitrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony loding Xenon
56 2 2 213 2 14 2715 2 76 277 2 18 2719 2 80 28 2 2. 83 2 84 2. 85 2 86 2
i i 'Tai Wi Re: 0s! “Iri Pt el TP Bi L Pol At: Rl
Ba: Hf: Ta“® i Rei Osi Ir¢ i Au: Hg: i i Bii Poi At: Rn:
S g | [ (e [t B [ | e oo | wmm | wms | mew | mw ol
Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
88 2 104 2 108 2 106 2107 2 108 2 109 2z 10 2 m 2 112 2 13 2 114 2 115 2 116 2. 17 2 118 2
Ra: Rf: Db: Sg: Bhi Hs: Mt: ;
i g - § i t: Ds: Rg. Cn: Nh: FI: Mc. Lv: Ts: Og
a: : 2 90: = S: 7 S : : n: 7 = C: Lv: Is: =
(226) (267) (268) (271) (272) (270) (276) (281) (280) (285) (284) (289) (288) (293) (294) (294)
Radium Rutherfordium Dubnium ‘Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium Nihonium Flerovium ‘Moscovium Livermorium Tennessine ‘Oganesson

Now Invent.

The Next Generation of Material Science Catalogs

Over 15,000 certified high purity laboratory chemicals, metals, & advanced materials and a
state-of-the-art Research Center. Printable GHS-compliant Safety Data Sheets. Thousands of

new products. And much more. All on a secure multi-language "Mobile Responsive” platform.

American Elements opens a world of possibilities so you can Now Invent!

www.americanelements.com

© 2001-2020. American Elements is a U.S.Registered Trademark


http://www.americanelements.com

Career Opportunities

Quauity EXECUTIVE SearcH, Inc.

Recruiting and Search Consultants
Specializing in Ceramics

JOE DRAPCHO
24549 Detroit Rd. * Westlake, Ohio 44145
(440) 899-5070 + Cell (440) 773-5937
www.qualityexec.com
E-mail: qesinfo@qualityexec.com

Business Services
custom finishing/machining

BOMAS

ears

1959-2020

Precision Machining
of Advanced Ceramics
and Composite Materials

Joe Annese ® Mark Annese

@

ITAR Registered

bomas.com

Custom Machining
Five Modern CNC Routers

Two Shifts a Day, Five Days a Week!
Low Mass, High Temp. Products
Ours or Yours!

Zircar
Contact Us Today!
Tel: (845) 651-6600
Email: sales@zircarceramics.com
www.zircarceramics.com

Free
Samples!

American Ceramic Society Bulletin, Vol. 99, No. 7

Quality and, [nIovation

Rauschert Industries, Inc. (U.S.A.)
949.421.9804
c.brayman@rauschertna.com

Rauschert

www.rauschert.com

LAB FURNACE RE-LINE AND
INSULATION DISPOSAL SERVICES

(845) 651-3040
sales@zircarzirconia.com

¢
www.zircarzirconia.com Z’rcar

Contract Machining Service

Since 1980

» Utmost Confidentiality

¢ Alumina to Zirconia
including MMC

« Exacting Tolerances

* Complex shapes to
slicing & dicing

* Fast & reliable

service
I I ADVANCED CERAMICE m

160 Goddard Memorial Dr. Worcester, MA 01603 USA

Tel:(508) 791-9549 +Fax:(508) 793-9814
« E-mail:info@prematechac.com
« Website: www.PremaTechAC.com

WWww.ceramics.org

3 8 Years of Precision Ceramic Machining

e Custom forming of
technical ceramics

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

o Multiple C.N.C.
Capabilities

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

www.advancedceramictech.com

Specialty GLASS
solving the science of glass™

since 1977

+ Standard, Custom, Proprietary Glass and
Glass-Ceramic compositions melted

+ Available in frit, powder (wet/dry milling),
rod or will develop a process to custom form

» Research & Development
+ Electric and Gas Melting up to 1650°C

+ Fused Silica crucibles and Refractory
lined tanks

* Pounds to Tons

305 Marlborough Street * Oldsmar, Florida 34677
Phone (813) 855-5779 + Fax (813) 855-1584
e-mail: info@sgiglass.com
Web: www.sgiglass.com

custom/toll processing services

SERVICES

¢ Sintering, calcining,
heat treating to
1700°C

¢ Bulk materials
and shapes

 R&D, pilot
production

* One-time or
ongoing

HARROP

——— INDUSTRIES, INET,

EQUIPMENT

¢ Atmosphere
electric batch kilns Columbus, Ohio
to 27 cu. ft. 614-231-3621

o Gas batch kilns www.harropusa.com
to 57 cu. ft. sales@harropusa.com

61


mailto:c.brayman@rauschertna.com
http://www.rauschert.com
mailto:sales@zircarzirconia.com
http://www.zircarzirconia.com
mailto:sales@advancedceramictech.com
http://www.advancedceramictech.com
mailto:info@sgiglass.com
http://www.sgiglass.com
http://www.qualityexec.com
mailto:qesinfo@qualityexec.com
mailto:sales@zircarceramics.com
http://www.zircarceramics.com
mailto:info@prematechac.com
http://www.PremaTechAC.com
http://www.harropusa.com
mailto:sales@harropusa.com
http://www.ceramics.org
https://bomas.com/

(PIP]

Pownper Processive & Tecunoroey, LLC
Your Source for Powder Processing
We specialize in:
* Spray Drying
* Wet and Dry Milling
e Catalysts < Electronics
e Ceramics < Fuel Cells
For more information please, contact us at
219-462-4141 ext. 244 or sales@pptechnology.com

* Calcining and Sintering
Typical Applications:

5103 Evans Avenue | Valparaiso, IN 46383

www.pptechnology.com

laboratory/testing services

M Thermal Gradient
W ASTM Testing

M Refractories Creep
M Clay testing

M Dilatometry

W Firing Facilities
M Custom Testing
M Glass Testing
H DTA/TGA

HARROP

INDUSTRIES, INC.
3470 E. Fifth Ave., Columbus, Ohio 43219-1797
(614) 231-3621 Fax: (614) 235-3699
E-mail: sales@harropusa.com

SPECTROCHEMICAL
Laoaoboratories
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 | 724-334-4140

GET RESULTS!

Advertise in the Bulletin

Contact Mona Thiel
Ph: 614-794-5834
E-mail: mthiel@ceramics.org

liquidations/used equipment

maintenance/repair services

Used
CERAMIC MACHINERY

.

CORPORATION

Sell and buy used ceramic
machinery and process lines.
Connected and Experienced Globally
Tel: +1 (810) 225-9494
sales@mohrcorp.com

www.Mohrcorp.com
Based in Brighton, MI USA

;ﬁ:CEHTOHR

Vacuum Industries \¥A)

AFTERMARKET SERVICES

® Spare Parts and Field Service Installation
® Vacuum Leak Testing and Repair

® Preventative Maintenance

® Used and Rebuilt Furnaces

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
Dan Demers - ddemers(@centorr.com

CUSTOM HIGH-TEMPERATURE

VACUUM FURNACES

The Edward Orton Jr. Ceramic Foundation

Materials Testing Services

L

- Thermal Properties

- Physical Properties

- Turnaround to Meet Your Needs
- Experienced Engineering Staft

- 100+ ASTM Test Procedures

62

ortonceramic.com/testing

6991 Old 3C Hwy, Westerville, OH 43082
614-818-1321 email: info@ortonceramic.com

BUYING & SELLING

« Compacting
Presses

* Isostatic Presses

« Piston Extruders

» Mixers & Blenders

« Jar Mills

+ Pebble Mills

+ Lab Equipment

Huge Inventory in our Detroit
Michigan warehouse

Contact Tom Suhy
248-858-8380
sales@detroitprocessmachinery.com
www.detroitprocessmachinery.com

+ Crushers &
Pulverizers

* Attritors

+ Spray Dryers

« Screeners

» Media Mills

* Kilns & Furnaces

+ Stokes Press Parts

DPM\ peTrROIT PROCESS MACHINERY

Looking
For A Way
To Reach
Ceramic
and Glass
Industry
Decision
Makers?

On a consistent Basis?
With a small Budget?

Call Mona Thiel at
614-794-5834 or email
mthiel@ceramics.org

Www.ceramics.org

American Ceramic Society Bulletin, Vol. 99, No. 7


mailto:sales@pptechnology.com
http://www.pptechnology.com
mailto:sales@harropusa.com
mailto:sales@mohrcorp.com
http://www.Mohrcorp.com
mailto:info@ortonceramic.com
mailto:sales@detroitprocessmachinery.com
http://www.detroitprocessmachinery.com
mailto:sales@centorr.com
http://www.centorr.com
mailto:afostier@centorr.com
mailto:ddemers@centorr.com
mailto:mthiel@ceramics.org
mailto:mthiel@ceramics.org
http://www.ceramics.org
https://www.ortonceramic.com/dir.cfm/testing/
http://www.spectrochemicalme.com/

ADINDEX

*Find us in ceramicSOURCE 2020 Buyer's Guide

DISPLAY ADVERTISER

AdValue Technology*
American Elements*

Deltech

Gasbarre Products*

Harrop Industries Inc
I-Squared R Element*
Materials Research Furnaces
Mo-Sci Corporation?

Nutec Bickley

OptiPro

TevTech?

The American Ceramic Society*

SEPTEMBER 2020

AMERICAN CERAMIC SOCIETY

@bulletin

www.advaluetech.com 9

www.americanelements.com 17, Outside back cover,

C&GM back cover

www.deltechfurnaces.com 3
www.gasbarre.com 9
www.harropusa.com Inside front cover
www.isquaredrelement.com 13
www.mrf-furnaces.com C&GM 51
WWW.MOo-5ci.com 5
www.nutecbickley.com 19
www.optipro.com C&GM 55
www.tevtechllc.com 15
WWW.ceramics.org 11, 37, 40, 41, C&GM 44, 63

Inside back cover

CLASSIFIED & BUSINESS SERVICES ADVERTISER

Advanced Ceramic Technology
Bomas*

Centorr/Vacuum Industries Inc.*
Detroit Process Machinery
Edward Orton Jr. Ceramic Fdn.
Harrop Industries Inc.*

Mohr Corp.*

PPT - Powder Processing &
Technology LLC

PremaTech Advanced Ceramic
Quality Executive Search Inc.*
Rauschert Technical Ceramics Inc.*
Specialty Glass Inc.

Spectrochemical Laboratories
Zircar Ceramics Inc.
Zircar Zirconia Inc.

Advertising Sales

Mona Thiel, National Sales Director
mthiel@ceramics.org
ph: 614-794-5834
fx: 614-899-6109

www.advancedceramictech.com 61
www.bomas.com 61
www.centorr.com 62
www.detroitprocessmachinery.com 62
www.ortonceramic.com/testing 62
www.harropusa.com 61, 62
www.mohrcorp.com 62
www.pptechnology.com 62
www.prematechac.com 61
www.qualityexec.com 61
www.rauschert.com 61
www.sgiglass.com 61
www.spectrochemicalme.com 62
WWwWw.zircarceramics.com 61
Www.zircarzirconia.com 61
Europe Advertising Assistant

Richard Rozelaar
media@alaincharles.com
ph: 44-(0)-20-7834-7676
fx: 44-(0)-20-7973-0076

Pamela J. Wilson
pwilson@ceramics.org
ph: 614-794-5826
fx: 614-942-5607

American Ceramic Society Bulletin, Vol. 99, No. 7 | www.ceramics.org

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

Professors, researchers,
retirees, post-docs, and
dents ...

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

63


mailto:phase2@nist.gov
http://www.advaluetech.com
http://www.americanelements.com
http://www.deltechfurnaces.com
http://www.gasbarre.com
http://www.harropusa.com
http://www.isquaredrelement.com
http://www.mrf-furnaces.com
http://www.mo-sci.com
http://www.nutecbickley.com
http://www.optipro.com
http://www.tevtechllc.com
http://www.ceramics.org
http://www.advancedceramictech.com
http://www.bomas.com
http://www.centorr.com
http://www.detroitprocessmachinery.com
http://www.ortonceramic.com/testing
http://www.harropusa.com
http://www.mohrcorp.com
http://www.pptechnology.com
http://www.prematechac.com
http://www.qualityexec.com
http://www.rauschert.com
http://www.sgiglass.com
http://www.spectrochemicalme.com
http://www.zircarceramics.com
http://www.zircarzirconia.com
mailto:mthiel@ceramics.org
mailto:media@alaincharles.com
mailto:pwilson@ceramics.org
http://www.ceramics.org

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.

Oxide-based ceramic matrix com-
posites (CMCs) are continuous fiber
reinforced composites in which both
fiber and matrix are comprised of oxide
materials. Oxide CMCs are known for
their high hardness and temperature
resistance, low density, oxidation resis-
tance, and high specific strength.! These
properties enable them to be used in
various industries, including aerospace,
defense, and space exploration.

Global research groups are working
to solve a range of issues with CMCs to
improve their application and predict-
ability. These issues include improving
high temperature stability, creating an
ideal interface between the fiber and
matrix, and forming complex shapes.

The aim of my research is to raise the
maximum operating temperature and
strength of the overall CMC. One way
to do so is to enable a weak fiber/matrix
relationship by engineering microporos-
ity into the matrix.>? Engineered micropo-
rosity enables in-service densification if
the thermal limitations are ever exceeded
during use, and the finely distributed
porosity within the matrix enables crack
deflection close to the fiber/matrix inter-
phase as well as matrix microcracking.’

There are several ways in which the
microporosity can be introduced into
the matrix of the CMC. A common pro-
cess involves the use of a binder within
the slurry processing stage. This binder
acts as an aid for the impregnation
of the ceramic slurry into the fabrics.
During later steps in the manufacturing
process, the binder can be burnt out
of the matrix, leaving the desired pores
where the binder once was.

For this project, phosphates were used
to generate a porous matrix. Phosphates
generate porosity by their formation
method. A phosphate gel is created
from aluminum hydroxide, phosphoric
acid, and deionized water. Once the gel
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is applied to the
fibers, the heat
pressing process
evaporates the
water and pores are
formed (Figure 1).
Phosphates
also demonstrate
other favorable
properties for this
project. When
created at the cor-
rect molar ratio,
phosphates dem- ~ '¥%
onstrate an average §
of 2% mass loss
when exposed to
temperatures of
up to 1,500°C.*
Phosphates can
also be used to
delay the process of oxidation of nonox-
ide materials, extending their possibility
to be utilized within the CMC system.
The delay of oxidation would enable
oxide CMCs with the addition of a
carbon body, such as carbon nanotubes,
to be pushed up to 150°C further with
respect to thermal exposure before oxi-
dation begins to weaken the system.
CMCs can only ever really perform
to the highest standard of the fibers
used within the CMC itself. Improving
the fiber/matrix relationship enables us
to get the most out of the matrix and
use the fibers to their full extent before
reaching the limitations of the CMC. By
pushing for better thermal and mechani-
cal stability, we begin to improve the
overall CMC system.
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