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Want more ceramics and glass news throughout the month?
Subscribe to our e-newsletter, Ceramic Tech Today, and recieve the latest ceramics, glass, and Society news
straight to your inbox every Tuesday, Wednesday, and Friday! Sign up at http://bit.ly/acersctt.

As seen in the January/February 2017 ACerS Bulletin...

Is there room for
porosity in nuclear
ceramics?

Many applications capitalize on the
stability of porous structures at elevated
temperatures—can nuclear ceramics?
Author Jessica Krogstad explores what
we can learn from dynamic micro-
structures in extreme conditions.

Read more at
www.ceramics.org/nuclear-porosity

Laser melting sets
new record for
ultra-high
temperature
ceramic materials

New laser-based techniques have
measured even higher melting points
for hafnium carbide and tantalum
carbide—making these materials
promising for even more extreme
applications.

Read more at
www.ceramics.org/laser-melting
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CES 2017 shows that the future
is here, and it is built from
ceramic and glass materials

The 2017 edition of the Consumer
Electronics Show (CES) wrapped up its
annual exhibition showcasing all the lat-
est consumer electronics and technology
in Las Vegas in early January. The show’s
expansive 43 football fields worth of
tech displayed that the world is getting
altogether smarter, brighter, more virtual,
more connected, and entirely robotic.

As expected, the show featured
tons of winning tech that promises to
integrate and accelerate human lives.
Virtual reality and the Internet of
Things—where seemingly everything will
connect to an Amazon Echo—were over-
all prominent themes of the show.

But past the dizzying amount of
new products, it is the materials
that make all the tech possible. In
fact, glass giant Corning was at the
show debuting its concept for a glass-
enabled, connected car.

At January’s Consumer Electronics Show
2017, glass and ceramic materials were
prominent among the technologies on the
show floor.
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Although Corning has already
announced that Gorilla Glass is going
the way of windshields, the company has
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Your kiln needs are unique, and Harrop
responds with engineered solutions to meet
your exact firing requirements. For more
than 90 years, we have been supplying
custom kilns across a wide range o?, both
traditional and advanced ceramic markets.

Hundreds of our clients will tell you that our
three-phase application engineering process
is what separates Harrop from “cookie
cutter” kiln suppliers.

® Thorough technical and economic
analysis to create the "right"kiln for
your specific needs
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operator fraining.

Harrop's experienced staff is exceptionally
qualified to Eecome your partners in pro-
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application.

Learn more at www.harropusa.com, or calll
us at 614-231-3621 to discuss your special
requirements.

much bigger ideas for how tomorrow’s
vehicles use glass—including integra-

tion into sunroofs, lights, connected
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dashboards, and windshield-embedded
displays. See Corning’s glass concept car
at youtu.be/CFBveRoRVHY.

In addition to automobile tech, one
of the big buzzes at CES 2017 was a slew
of allnew impressive TVs.

LG’s new incredibly thin W7 OLED
TV—just 0.15-inch-thick, about the thick-
ness of a house key—is more of a thick
piece of wall art than a TV. And Sony’s
new not-quite-as-thin OLED TV uses its
glass front to double as a built-in speak-
er, vibrating for audio. Today’s TVs are
using the latest materials to change the
way we think about this familiar piece
of tech.

And do not forget 3-D printing—there
have been signs recently that ceramics
are making strong inroads into commer-
cial additive manufacturing, and now
3-D-printed ceramics might soon make
their way out of home printers, too.

Formlabs showed off its ceramic-
particle-embedded resin for conventional
additive manufacturing at CES 2017,
demonstrating how a standard 3-D
printer can fabricate creations that, after
firing, become fully ceramic. So far it is
only a demo, but the company is report-
edly working towards a more widespread
offering later this year.

Business news

Defining an epoch—Can the
case be made for the Glass Age?

Corning Incorporated has boldly
declared these times as the “Glass Age,”
claiming glass is as transformative as

stone, bronze, and iron were to the eras
named for them.

Thus, it seems quite appropriate that
the editors of the International Journal of
Applied Glass Science would take a schol-
arly approach to test the premise, which
they did in an issue published recently.

Editor L. David Pye writes in his
introduction to the issue, “Clearly glass
has played a major role in advancing
civilization and mankind throughout
recorded history be it in the arts, archi-
tecture, transportation, medicine, com-
munication, and especially important,
other branches of science.”

The first article, “Welcome to the
Glass Age,” builds on the idea. In it,
Corning’s chief technology officer,
David Morse, and Jeffrey Evenson, chief
strategy officer, recognize the past and
present, but keep their focus fixed on
the future. “We have an unprecedented
opportunity to harness the unique
capabilities of glass to solve some of our
world’s most urgent challenges, such
as more effective healthcare, cleaner

energy and water, and more efficient
communication.”

The other thirteen articles in the
issue show the transformative history
of glass and also point to advances in
glass properties and processing that will
enable new transforming applications.
Articles cover a very interesting history
of optical fiber development, bioactive
glass, chemical strengthening, modeling
and simulation applied to processing
and properties, and advances in under-
standing mechanical properties.

It is one thing for glass scientists to
celebrate their material and its impor-
tance—but another test of the Glass Age
premise is to look for evidence beyond
the glass science community.

The December issue of the Journal
of the American Ceramic Society just hap-
pened to have two articles on glass for
new, extreme applications that show
that non-glass scientists are looking at
glass for solutions to problems other
materials cannot solve.

The first paper reports on glass
dielectrics for extreme high-tem-
perature environments and comes
out of Michael Lanagan’s group
at Pennsylvania State University
(University Park, Pa.). Engineering of
wide bandgap SiC-based semiconduc-

Corning makes equity investment in Menlo
Micro (www.corning.com)...Imerys
contemplates acquisition of Kerneos
(www.imerys.com)...Ceramco achieves
IS09001:2015 certification (www.
ceramcoceramics.com)...Vesuvius
acquires Brazilian mold flux business

for £9.2M (www.vesuvius.com)...DOE
announces funding to support breakthrough
technologies for advanced manufacturing
(www.energy.gov)...Tesla starts bat-
tery cell production at gigafactory (www.
reuters.com)...Amedica announces
positive scientific data and re-files FDA
submission (www.amedica.com)...Vitro
to purchase Pittsburgh Glass Works OEM
auto glass business (www.vitro.com). ..

Industrial gas giants Linde and Praxair plan
to merge (www.the-linde-group.com). ..
Kyocera receives FDA clearance for
Bioceram Azul ceramic hip replacement
(www.kyocera.com)...Panasonic devel-
ops first IPS liquid crystal panel with
contrast ratio of over 1,000,000:1 (www.
panasonic.com. . .Study shows Innovnano’s
4YSZ produces low thermal conductivity
TBCs (www.innovnano-materials.com)...
Glass manufacturers forecast steady
growth for industry in 2017 (www.glass-
magazine.com). ..SolarWindow to expand
products with paper-thin flexible glass that
generates electricity (www.solarwindow.
com)...Asahi Glass to set up TFT-LCD

Www.ceramics.org

glass substrate facility in China (www.asa
hi-glass.com)...Koch Industries acquires
full ownership of Guardian (www.guard-
ian.com)...DOE awards $1M to develop
composites for solid lithium conductors
(www.news.psu.edu). . .Harper designs
advanced thermal system to process bat-
tery materials for Prayon (www.harperintl.
com)...Guardian Glass to add jumbo glass
coater in North America (www.guardian.
com)...Netzsch intensifies activities in
minerals sector with acquisition of Ecutec
(www.netzsch-grinding.com). . .Saint-
Gobain buys Pietta Glass plant in Romania
(www.saint-gobain.com)...Tesla officially
acquires SolarCity (www.tesla.com)
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tor devices is nearing its promise of
delivering high-temperature electron-
ics that can be used in the realm of
200°C-400°C. The group looked
at commercially available, rare-earth
modified alumino-borosilicate glass and
studied “high-field electrical properties
at temperatures above 200°C where ion
transport becomes significant.” Besides
offering superior dielectric properties at
elevated temperature, glasses have the
advantage of competing with polymer
films in terms of thinness and bendabil-
ity for roll-to-roll processing.

The second JACerS paper reported
on superior ablation properties of glass
coatings containing graphene nano-
platelets for thermal protection systems.
Pilar Miranzo’s group at the Institute of
Ceramics and Glass (Madrid, Spain) is
hunting for a coating to protect critical
regions of suborbital reentry vehicles from
temperatures up to 1,350°C and ablation

ned

from debris. Yttria-aluminosilicate glasses
containing aligned graphene nanoplate-
lets were thermal sprayed onto SiC sub-
strates and subject to thermal cycling and
ablation tests. The glass composition was
chosen because of its high melting tem-
perature as well as its crystallization prop-
erties. The ability of the glass to crystallize
into a glass-ceramic gives the coating a
degree of self-healing.

In their IJAGS article, Morse and
Evenson must have had examples such as
these in mind when they wrote, “The true
excitement of the Glass Age derives from
combining the rich palette of the Periodic
Table with modern analytic and control
technologies to unleash new capabilities
for a broad range of industries.”

It would seem, then, that ample evi-
dence backs Pye’s statement in the open-
ing of his IJAGS editorial, “...we are at a
special moment in time where the arrival

of the Glass Age can be declared with

Credit: Groman123; Flickr CC BY-SA 2.0

Glass technologies have wide-ranging
impacts on day-to-day life, including opti-
cal fiber networks that make the internet
and digital communications possible.

certainty and pride by glass scientists,
engineers, educators, artists, and glass
manufacturers across the globe.”

Corning Incorporated provided finan-
cial sponsorship of the issue, in addition
to supporting a large number of the
authors who contributed articles.

One additional note—two articles in
the issue are open access: “Welcome
to the Glass Age” and “Glass: The
Carrier of Light - A Brief History of
Optical Fiber.”
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An illustration of the bioceramic printed
pattern on the inside of Under Armour’s
new athletic recovery sleepwear, which
is designed to radiate far infrared ener-
gy to help heal the body during sleep.

Under Armour’s bioceramic
pajamas heal Tom Brady’s body
while he sleeps
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Athletic apparel maker Under
Armour unveiled a bioceramic-laden
line of sleepwear at the Consumer
Electronics Show 2017, touting the
line’s endorsement by famed United
States football player Tom Brady.

Under Armour’s athletic recovery
sleepwear is made from a fabric printed
with ceramic particles that absorb the
body’s heat and radiate it back as far
infrared energy—which claims a variety
of health benefits.

According to Under Armour’s
website, “The soft bioceramic print
on the inside of the garment absorbs
the body’s natural heat and reflects far
infrared back to the skin. This helps
your body recover faster, promotes bet-
ter sleep, reduces inflammation, and
regulates cell metabolism.”

The apparel is now available for sale
on Under Armour’s website—individual
items (tops and bottoms sold separately)
cost $80-$100. But can a bioceramic
print restore your body while you sleep?

According to an article in Time,
“Under Armour is certain the product
works. “We've tested it,” says Kevin
Haley, UA’s president of innovation.
‘We've had actual third party testing.
And it’s clear. Believe me, we have

some of the biggest skeptics in the
world running around here. This isn’t
some outlandish thought, this is some-
thing people have been working on for
a long, long time. We've had our best
Ph.D. scientists here breaking down all
the science. It definitely works. When
you say ‘how confident are we!?’ I'm
confident saying we're very confident.””

And, surprisingly, he may be right.

First of all, ceramics do emit infrared
radiation. Actually, most all objects
emit infrared energy—ceramics are just
really good at it.

But does infrared radiation affect liv-
ing cells?

Yes—far infrared energy is absorbed
by water molecules within cells and tis-
sues, causing local temperature changes
that alter the membrane potential of
cell membranes. And because the mem-
branes govern a vast majority of cellular
functions, changing the membrane
potential provides the ability to influ-
ence many cellular processes.

But does infrared radiation have
positive health benefits?

Well, maybe. There actually is a
decent amount of preliminary medical
research on the health benefits of far
infrared radiation. Studies have indi-
cated that far infrared radiation can
increase microcirculation and reduce
inflammation to promote healing, cell
proliferation, and cell viability.

But the results from these studies
are still somewhat preliminary, because
many of them have been done on cul-
tured human cells in the lab or in ani-
mal models—which, while they are valu-
able indicators, only provide conjecture
on whether the same might hold true
in living, breathing humans.

And while there has been a fair num-
ber of clinical trials on the effects of far
infrared radiation in living, breathing
humans, the nature of medical research
is that the results of these studies pro-
vide no certain answers.

Take for example, a previous study that
also examined the effect of pajamas with
small embedded ceramic disks. Individuals
in the study reported “improvement of

Www.ceramics.org

their health” after using the disks—but
what specific conclusions can be made
from such a subjective report?

A more recent review article seems
to echo the overall sentiment—while
there is evidence to indicate there are
benefits to far infrared radiation, more
research is needed to really prove the
effects and the ways in which infrared
radiation specifically affects the body.

However, some studies do suggest
there are specific metabolic benefits for
athletes who wear bioceramic clothing.
One study reports that far infrared-emit
ting ceramic clothing reduced the amount
of oxygen cyclists consumed during physi-
cal exertion, although the statistically sig-
nificant difference was small—just ~1%.

So it is plausible that bioceramics
that emit far infrared energy could help
restore your body as your sleep. It is not
going to heal a broken bone or repair
a torn ligament, but infrared radiation
could feasibly lend the body a helping
hand in the ongoing repair and upkeep
processes that happen during sleep.

Whether these fancy pajamas actually
emit enough infrared radiation to make a
difference remains a question, however. M

Ceramic materials gain momen-
tum at international additive
manufacturing exhibition

Additive manufacturing is breaking
boundaries in manufacturing—chang-
ing the way manufacturers think
about processes, components, and
materials themselves.

And while additive manufacturing
may be dominated by polymers, that
does not mean that ceramics and glass
are exempt from the reaches of this revo-
lutionary manufacturing technique. In
fact, additive manufacturing of ceramics
is making incredible strides this year.

So it is perhaps no surprise that at
Formnext, a recent international exhi-
bition about additive manufacturing,
ceramic materials had a strong presence
on the show floor. Formnext 2016 host-
ed over 300 exhibitors and 13,000 visi-
tors in Frankfurt, Germany, Nov. 15-18.

American Ceramic Society Bulletin, Vol. 96, No. 2
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TCT Magazine, which helps host
Formnext, talked to some of the compa-
nies advancing additive manufacturing
of ceramics at this year’s exhibition.

TCT talked with Lithoz cofounder
and CEO Johannes Homa, who says that
“Ceramics are used where other materials
fail—they have superior materials proper-
ties to metals and polymers.”

Lithoz (Vienna, Austria) designs and
builds additive manufacturing systems to
fabricate high-performance ceramic parts
using stereolithography, employing mix-
tures of ceramic particles in photopoly-
mer resins to achieve its quality ceramics.

But it is not just a niche opportunity
that Lithoz is interested in. The company
has one emphasis when it comes to addi-
tive manufacturing of ceramics. As Homa
puts it, “There are three important things
in ceramics. It’s first quality; second qual-
ity; and the third point is quality.”

In addition to Lithoz, Admatec and
3DCeram each debuted its own com-

Additively manufactured ceramic components, like these ones manufactured by
Lithoz, were prominent at a recent international additive manufacturing exhibition.

mercial ceramic-specific 3-D printer at each company is working to develop.
Formnext. And other companies flexed See more from the Formnext show
their ceramic printing muscles, too, floor with a series of videos available at

with Xjet and Roland DG displaying bit.ly/2jH64iD.

the promising 3-D printing technologies

300+ ADVANCED
CERAMIC FORMULATIONS
100+ YEARS OF EXPERIENCE

Learn more at coorstek.com
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A regular column featuring excerpts from BCC Research reports on industry sectors involving the

ceramic and glass industry

Thermal and
biological
waste-to-

energy
markets

by Maya Agnani

‘ ‘ 7 aste-to-energy is

a form of energy

recovery that refers to any waste
treatment that generates ener-
gy in the form of electricity or
heat from a waste source. The
rising focus on these technolo-
gies is due to their potential to
reduce or eliminate waste that
otherwise would contribute
to greenhouse gas emissions
from landfills. Several waste-
to-energy technologies have
already been commercialized
and successful in generating
interest and
these projects.

Commercial waste-to-energy technolo-

investment in

gies can be broadly segmented as:

¢ Thermal technologies
- Incineration
- Pyrolysis and gasification
- Thermal depolymerization
- Plasma arc gasification

¢ Biological technologies
- Anaerobic digestion
- Mechanical biological treatment.

Table 1. Global waste-to-energy market by
technology, through 2019 ($ millions)

Table 2. Global waste-to-energy company

Ia

market share in 2013

Technology | 2013 | 2014 | 2019 | CAGR (%) Company Market share (%)
2014-2019 Hitachi Zosen 12.0
Thermal ~ |22,316.1 23,434.0 [30,244.1| 5.2 Babcock & Wilcox 8.0
Biological | 2,105.9 | 2,346.1| 3,930.9| 109 Foster Wheeler 7.2
Physical 898.0 957.8 | 1,337.1 6.9 Veolia 5.0
Total 25,320.0 |26,737.9 | 35,512.1| 5.8 Suez Environment SA 45
L Waste Management Inc 4.0

Waste-to-energy is gaining status as

an important component of integrated Ditrs 5.3
Total 100.0

waste management strategies in which it
plays the role of an alternative strategy to
relieve pressure on landfills. The added
benefit of waste-to-energy over other waste
management strategies is the potential for
the extraction of energy. A major portion
of this energy is used by the plant itself
for its internal energy requirements; the
remainder is supplied to the community.
For example, through its Renaissance
Center, General Motors recycles, reuses,
and converts about 5 million metric tons
of waste to generate energy by effectively
diverting it from landfills.

BCC Research expects that in the
next four years, the waste-to-energy mar-
ket will undergo significant growth, as
the participation of developing countries
will increase due to their consciousness
of environment pollution and the need
to find alternate sources of energy.

The global waste-to-energy market
was valued at $25.3 billion in 2013, and
is expected to reach $35.5 billion by
2019—growing at a compound annual
growth rate (CAGR) of 5.8% from 2014
to 2019 (Table 1). Thermal technologies
have emerged as the leading technology
used for generating energy from waste,
while biological treatment is expected to
be the fastest growing technology from
2014 to 2019.

The global market for waste-to-energy
is highly fragmented, with four compa-
nies accounting for just over 30% of the
total market in 2013. Japan-based Hitachi
Zosen led the global market for waste-to-
energy technologies in 2013 (Table 2).

Key drivers of the growth of the
global waste-to-energy market over the
forecast period are trends toward energy
security and decreasing landfill space.

Www.ceramics.org

Other key market trends include:

¢ Extensive presence of government
initiatives aimed at promoting waste-to-
energy as an alternative form of energy;

¢ Presence of large untapped oppor-
tunities in the emerging markets of Asia

Pacific and Latin America; and

¢ Declining availability of landfill space
promoting waste-to-energy market growth.

However, other established renewable
energy sources, including solar, wind,
and hydro, are expected to present a
competitive challenge for waste-to-energy
in terms of technology and economics,
and may act to restrain waste-to-energy
from penetrating the renewable energy
market. High upfront costs associated
with establishment of waste-to-energy
plants are also expected to remain a
hurdle for market participants over the
next five years.

About the author

Maya Agnani is project analyst for
BCC Research. Contact Agnani at
analysts@bccresearch.com.

About BCC Research

BCC Research (Wellesley, Mass.) has
45 years experience publishing market
research reports that cover major indus-
trial and technology sectors, including
emerging markets. View the full catalog
of reports at www.bccresearch.com.

Resource
M. Agnani, “Thermal and biological
waste-to-energy markets,” BCC Research

Report EGY063B, January 2016.

www.bccresearch.com.

| American Ceramic Society Bulletin, Vol. 96, No. 2


mailto:analysts@bccresearch.com
http://www.bccresearch.com
http://www.bccresearch.com
http://www.ceramics.org

L. Eric Cross pioneered piezo-
electric transducers for modern
medical ultrasound

By Clive Randall and

Susan Trolier-McKinstry

q ACerS Fellow and
"o Distinguished Life

'l Member Leslie Eric Cross
! ! ‘ (1923-2016) passed away
peacefully on December

29, 2016. He was an Evan
Pugh Professor Emeritus
of Electrical Engineering, Pennsylvania
State University, a member of the U.S.
National Academy of Engineering, and
a founding member of the Penn State
Materials Research Laboratory.

Cross was a world leader in the field

Cross

of ferroelectrics from a fundamental
perspective, as an inventor of new char-
acterization techniques, and in materials
applications. He was beloved for his
intelligence, vision, wit and humanity, as
well as the charm with which he shared
his fascination with ferroelectrics and his
newest ideas. He was also an excellent
mentor and many of his students and
postdoctoral researchers went on to sci-
entific leadership positions themselves.
During his career, Cross was honored by
many professional organizations. He was a
Fellow of The American Ceramic Society,
Materials Research Society, American
Physical Society, Optical Society of
America, and IEEE. In 1983, he was elect-
ed to the National Academy of Engineering
for his contributions to the development of
electroceramic, dielectric, and piezoelectric

materials. ACerS honored him in 2001

In memoriam
R. Bruce

L. Eric Cross
John Megles
Hayne Palmour

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

WWww.ceramics.org/in-memoriam.

American Ceramic Society Bulletin, Vol. 96, No. 2

with its highest honor, Distinguished Life
Member. He also received the Von Hippel
award of the Materials Research Society in
2010, its highest honor.

Cross joined Penn State as a senior
research associate in 1961, rose through
the ranks, and, in 1985, was named Evan
Pugh Professor of Electrical Engineering—
the highest distinction the university can
bestow on a faculty member. He was the
author or coauthor of more than 850
refereed papers, held 20 patents, and pub-
lished a comprehensive textbook, Domains
in Ferroic Crystals and Thin Films.

At Penn State, he mentored more
than 50 graduate students from across
the world, including Professor Yao Xi, the
first Chinese Ph.D. (1982) educated in the
U.S. following the Cultural Revolution.

Welcome to our newest
Corporate Members!

ACerS recognizes organizations
that have joined the Society as
Corporate Members. For more infor-

mation on becoming a Corporate
Member, contact Kevin Thompson
at kthompson@ceramics.org, or visit
Www.ceramics.org/corporate.

onofrax

Monofrax LLC
Falconer, N.Y. 14733
www.monofrax.com

DeltechFurnaces

We Build The Furr

o Fit Your Need ™

Standard or Custom

www.deltechfurnaces.com

| www.ceramics.org



mailto:kthompson@ceramics.org
http://www.ceramics.org/corporate
http://www.monofrax.com
http://www.ceramics.org/in-memoriam
http://www.ceramics.org

@ ccers spotlight

Names in the news

Richardson to deliver Rutgers’
Mclaren Lecture

Kathleen Richardson,
professor at the University
of Central Florida, will
deliver the Malcom G.
McLaren Distinguished
Lecture on March 31 at

will be held at Rutgers University - Busch
Campus. A ticketed reception and ban-
quet will follow. Contact Nahed Assal at
nahedassal@rutgers.edu for event details
or online at mse.rutgers.edu/news.

Feller awarded first Centenary
Fellow of the Society of Glass

Feller is the first recipient of the award,
which was created to celebrate the 100
anniversary of the founding of SGT. M

Singh recognized at

events abroad
Mrityunjay Singh

of the Ohio Aerospace

Richardson

the eponymous sympo- Technology
sium in memory of the late Professor
McLaren. Her talk, “Chalcogenide glass-
es—a versatile platform for innovations in
the infrared,” highlights the symposium
theme of “Photonics, Optical Physics and
Beyond.” There is no cost to attend the
March 31 technical symposium, which

Feller

7 Steve Feller, Coe College
B.D. Silliman Professor

" | of Physics, was named

Centenary Fellow of the

Society of Glass Technology

at its gala anniversary cele-

bration in September 2016.

Institute received an hon-
orary doctorate from the
Slovak Academy of Sciences in Bratislava,
Slovakia. Also, the Japan Fine Ceramics
Association presented him with the

JECA 30™ Anniversary Special Award for
Distinguished Contributions at its anniver-

sary celebration. M

Mo-Sci and Saint-Gobain are first Diamond-level Corporate Partners

ACerS is pleased to announce Mo-Sci Corp. (Rolla,
Mo.) and Saint-Gobain (Northboro, Ma.) as the first com-
panies to join as Diamond Corporate Partners in ACerS
new Corporate Partnership program. The new program,
launched in early 2017 and announced in the January/
February issue of the Bulletin, will replace the existing
Corporate Membership program by the end of 2017.

The program creates more value for member companies,
provides increased visibility for those companies, and forges
stronger relationships with the Society, its members, and
other partner companies.

“I would highly recommend the Diamond Corporate
Partnership level to all companies that are, or plan to
become, active in ACerS,” says Ted Day, CEO of Mo-Sci.
“Based upon the value of the benefits only, it’s the best
plan for corporate membership.”

According to Kevin Thompson, ACerS director of mem-
bership, the new program is geared toward engagement
with the Society. “We want to have a partnership with
member companies, not only by providing resources, but to
have ongoing dialogue with our industry partners. We are
here to serve all members. If we can help member compa-
nies succeed, it helps ACerS achieve its goals of serving a
vibrant industry.”

Three levels of Corporate Partnership (Corporate,
Sapphire, and Diamond) offer specific benefits in three key
areas: marketing/business development; professional devel-
opment; and technical resources.

10
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ew ACerS Corporate
Partnership program to an attendee at the ICACC Expo in
Daytona Beach.

“As the saying goes, ‘the more you put into something,
the more you get out of it,”” continues Thompson. “By
engaging with the Society through conferences, trade shows,
advertising, sponsorships, etc., the more connected you
become with ACerS and its 11,000 plus members.”

Response has been very positive so far, according to
Thompson. “I spoke with a lot of companies at the recent
ICACC show in Daytona Beach, and there was a lot of
interest in the new program.”

To learn more about the new ACerS Corporate
Partnership program, contact Kevin Thompson, director of
membership, at kthompson@ceramics.org or by phone at

614-794-5894. W

www.ceramics.org |
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Mamore Acanewy oF INVENTORS
National Academy of Inventors names four ACerS
members Fellow
Delbert Day (Missouri University of Science and Technology),
Richard Riman (Rutgers, The State University of New Jersey),
Mrityunjay Singh (Ohio Aerospace Institute), and Anil Virkar
(University of Utah) will be inducted as NAI Fellows at a ceremo-
ny in Boston on April 6, 2017.

IOM3 awards Boccaccini group Pfeil Award

The Institute of Materials, Minerals and Mining (IOM3)
awarded Aldo Boccaccini and his coauthors its 2016 Pfeil Award
for the paper "Electrophoretic deposition of nanostructured
TiO,/alginate and TiO,-bioactive glass/alginate composite coat-
ings on stainless steel,” published in the journal Advances in
Applied Ceramics (Vol. 113). Boccaccini is professor at University
of Erlangen-Nuremberg, Germany.

St. Louis Section/RCD 53" Annual Symposium:
March 29-30, 2017

The St. Louis Section and the Refractory Ceramics Division
of ACerS will sponsor the 53 Annual Symposium on the theme
“Real World Applications of Refractory Testing” on March
29-30, with a kickoff event on Tuesday, March 28. The meet-
ing will be at the Hilton St. Louis Airport Hotel, St. Louis, Mo.
Program cochairs are Ashley Hampton of Vesuvius and Brian
Rayner of the Orton Ceramic Foundation.

A block of rooms has been set aside for March 27-31 at the
Hilton (314426-5500). To receive the $110 rate, mention St. Louis

Section of The American Ceramic Society, or SLC, when making res-

ervations. Make online reservations af Bit.ly/SLCSymposium. Hotel

reservation deadline is February 27. For more information, contact

Patty Smith at 573-341-6265 or psmith@mst.edu.

Awards to be presented

Alfred W. Allen Award
A.G. Tomba Martinez of Materials Science and Technology
Research Institute INTEMA), Argentina, A.P. Luz, M.A.L. Braulio,
and V.C. Pandolfelli of Federal University of Sao Carlos, Brazil, will
receive the Alfred W. Allen Award for their paper, “ALO based
binders for corrosion resistance optimization of ALLO,MgAlL O,
and AL O, MgO refractory castables.” The paper was pubhshed in
Cemmlcs Intematlona 41 (2015) 9947-9956.

T.J. Planje—St. Louis Refractories Award
Andreas Buhr of Almatis GmbH (Frankfurt,

Germany), global technical director refractories

will receive the T.J. Planje—St. Louis Refractories

Award.

American Ceramic Society Bulletin, Vol. 96, No. 2 | www.ceramics.org

March 28, 2017
5:00 p.m. Kickoff event — Gateway Arch riverboat cruise of the Mississippi

March 29, 2017
7:15 a.m. Registration and coffee
8:00 a.m. Welcome and introductions
St. Louis Section chairman
Bill Davis, Harbison Walker International
Refractory Ceramics Division chair
Josh Pelletier, Kerneos Inc.
Co-program coordinators
Ashley Hampton, Vesuvius
Brian Rayner, The Edward Orton Jr. Ceramic Foundation

8:15 a.m. Morning technical sessions

1:00 p.m. Afternoon sessions and presentation of the T.J. Planje St. Louis Refractories
Award to Andreas Buhr, Aimatis GmbH, Germany

4:45 p.m. RCD annual members meeting
5-7 p.m. Exposition and cocktail hour
7:00 p.m. Dinner

March 30, 2017

6:30 a.m. Refractory Ceramics Division (RCD) breakfast meeting

8:15 a.m. Morning technical sessions and presentation of the 2016 Alfred W. Allen
Award winner “Reflections on refractory materials and their evaluation”
Victor C. Pandolfelli, Federal University of Sdo Carlos, Brazil

12:00 p.m.Questions and discussion

12:30 p.m.St. Louis Section officer business meeting
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@ ccers spotlight

ACerS ‘Next Top Demo’
competition!

Show off your demonstration skills in
ACerS Next Top Demo Competition,
organized by ACerS President’s Council
of Student Advisors. This virtual com-
petition is a new opportunity to educate
the public while advertising the com-
munity outreach that you and your peers
already perform. Get your fellow stu-
dents together and submit a video con-
ducting a ceramic and/or glass outreach
demonstration. Visit www.ceramics.org/
pcsademo to submit videos. Deadline for
submissions is April 28, 2017. M

Refractories scholarship
opportunity for students

The Refractories Institute is accepting
applications for scholarships based on
academic merit and demonstrated experi-
ence and interest in the field of refracto-
ries. A limited number of $5,000 scholar-
ships will be awarded to undergraduate
or advanced degree students in ceramic

Electronics Division’s best stu-
dent presentations of EMA 2017

Electronics Division presented awards
during the January 2017 EMA meeting in
Orlando, Fla. Congratulations to the fol-
lowing students!

Best student poster presentations

First place: Tassie Andersen,
Northwestern University, Evolution
of brownmillerite structure in SrCoQO,
under varying molecular beam epitaxy
growth conditions

Second place: William Huddleston,
Case Western Reserve University,
Sintered cathodes for all-solid-state structural
lithium-ion batteries

Third place: Kevin Pachuta, Case
Western Reserve University, Characteri-
zation of solution-based exfoliated nanosheets

12

engineering, materials science, or a simi-
lar discipline at a North American col-
lege, university, or technical institute. For
the 2017-2018 school year, the deadline
for applications is March 13, 2017. For
nformation, go to refractoriesinstitute.
brg/tri-pages/tri-scholarships.asp. M

Grad students—Put yourself on
the path to success!

Are you a current graduate student
looking for opportunities to establish
yourself within the ceramic and glass
community! Get known and get to know
others through ACerS Global Graduate
Researcher Network (GGRN)—a gradu-

ate-student-level network to meet profes-

sional and career development needs of
researchers whose primary interests are
ceramics and glass.

GGRN aims to help graduate students

¢ Build a network of peers and contacts
within the ceramic and glass community;

¢ Access professional development
tools and events; and

Best student oral presentations

First place
Ching-Yen Tang, University of
Illinois at Urbana Champaign, In
situ Xeray photoelectron and Auger
electron spectroscopic characterization
of reaction mechanisms during Li-ion
cycling of CuO electrodes

Second place
Ran Gao, University of California,
Berkeley, Ferroelectricity in epitaxial
Pb,, ZrO, thin films

Third place
Xiaorui Tong, West Virginia
University, Kinetic Poisson-Cahn model
of defect segregation near grain boundaries
during thermal annealing in oxygen-conduct-
ing solid electrolytes M

Www.ceramics.org

¢ Engage with ACerS.

Visit www.ceramics.org/ggrn to learn
what GGRN can do for you, or contact
Tricia Freshour, ACerS member engage-
ment manager, at tfreshour@ceramics.
org. W

Grad students—Basic

Science Division GEMS

awards at MS&T17
Sponsored by ACerS Basic

Science Division, the annual

Graduate Excellence in Materials
Science (GEMS) awards recognize
the outstanding achievements of up
to 10 graduate students in materi-
als science and engineering. The
award is open to graduate students
making oral presentations in any
symposium at MS&T17. Enter the
competition at www.matscitech.org
and submit your paper by March
15, 2017. &

GOMD and Electronics Division

awards with May 15 deadlines
While January 15 was the deadline

for most award nominations, three
prestigious Society and Division
awards have a May 15, 2017 dead-
line. Visit www.ceramics.org/awards
for eligibility details. Contact Erica
Zimmerman at ezimmerman@ceramics.

org with any questions.

Glass & Optical Materials: Alfred
R. Cooper Scholars Award

This award recognizes undergraduate stu-
dents who have demonstrated excellence
in research, engineering, and/or study in
glass science or technology. The recipi-
ent receives a plaque, $500, and a free
MS&T registration.
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CERAMIC GLASS

The Ceramic and Glass Industry Foundation receives $50,000 grant from
Corning Incorporated Foundation

The Ceramic and Glass Industry Foundation (CGIF) has been awarded
a $50,000 grant from the Corning Incorporated Foundation to sup-
port the CGIF’s student outreach programs to increase awareness of
ceramic and glass materials science among middle school and high
school students in the United States.

The Corning Incorporated Foundation grant specifically will support
distribution of the CGIF’s Materials Science Classroom Kits, which
introduce students to the basic classes of materials (ceramics, glass,
composites, metals, and polymers) through fun and interactive les-
sons. The kits include nine materials science lessons—five teacher
demonstrations and four student labs. Six of the lessons focus spe-
cifically on ceramic and glass materials.

Accompanying each kit is The Magic of Ceramics, a book that intro-
duces the nontechnical reader to the many exciting applications of
ceramics. The book describes how ceramic materials function, while
teaching key scientific concepts like atomic structure, color, and the
electromagnetic spectrum. The Magic of Ceramics contains numer-
ous illustrations of ways that ceramics make advanced products
possible, and also addresses newer areas in ceramics, such as
nanotechnology.

With the backing of the Corning Incorporated Foundation, the CGIF

will focus its outreach efforts on middle schools and high schools
located in areas of the United States where Corning Incorporated
operates, which include approximately 165 middle schools and high
schools in 17 target communities. The primary objective is to get
kits and books into the hands of educators who are excited to teach
materials science to their students.

ACerS individual members and Corporate Partners are encouraged
also to sponsor Materials Science Classroom Kits. The CGIF cur-
rently has a wait-list of nearly 60 middle and high schools who
have requested a kit to use in their classrooms but do not have the
resources to purchase a kit on their own. If you are interested in
supporting the Foundation’s mission to introduce young people to the
world of ceramic and glass materials through kit sponsorship, visit
www.ceramics.org/donateakit.

For more information about the CGIF and Materials Science Classroom
Kits, contact Marcus Fish at 614-794-5863 or mfish@ceramics.org.

R

Irutrimeis

Electronics: Edward C. Henry Award

This award is given annually to an outstanding paper report-
ing original work in the Journal of the American Ceramic Society
or the ACerS Bulletin during the previous calendar year on a
subject related to electronic ceramics. The author(s) receive a
plaque and $500 (split between authors).

Electronics: Lewis C. Hoffman Scholarship

This $2,000 tuition award encourages academic interest and excel-
lence among undergraduate students in the area of ceramics/
materials science and engineering. The 2017 essay topic is “Low
dimensional structures and properties in electronic ceramics.”

flnd your

venders with
ceramicSOURCE.org
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@ Ceramics in energy

Ultrathin aluminum oxide layer
boosts performance of garnet
ceramic solid-state batteries

Researchers at the University of
Maryland have designed a way to insert
an ultrathin layer of aluminum oxide
within solid-state batteries that incorpo-
rate garnet ceramic materials, decreasing
the batteries’ impedance by 300-fold and
allowing the energy to flow.

Garnet ceramic electrolytes create
high impedance (resistance) between the
garnet and the electrodes in solid-state
batteries, limiting current flow.

“This is a revolutionary advancement
in the field of solid-state batteries—par-
ticularly in light of recent battery fires,
from Boeing 787s to hoverboards to
Samsung smartphones,” Liangbing Hu,
associate professor of materials science
and engineering and one of the corre-
sponding authors of the paper, says in
a University of Maryland press release.
“Our garnet-based solid-state battery is a
triple threat, solving the typical problems
that trouble existing lithium-ion batter-
ies: safety, performance, and cost.”

The other corresponding author on
the paper is Eric Wachsman, ACerS
member and Fellow and director of
the University of Maryland Energy
Research Center and William L.
Crentz Centennial Chair in Energy
Research, who recently put ceramic
materials in the public eye in a seg-
ment on CBS This Morning.

To solve the impedance problem, the
team used atomic layer deposition to
squeeze an ultrathin film of aluminum
oxide between the battery’s lithium
anode and garnet electrolyte LLCZN (Li,
La, ;.Cay,sZr ;Nb,0,).

The oxide addition decreased
impedance at room temperature from
1,710Q°cm? to 1Q* cm?, “effectively
negating the lithium metal/garnet inter-
facial impedance,” the authors write in
the paper’s abstract.

The authors go on to explain that
their experimental and computational
results indicate that the oxide coating
“enables wetting of metallic lithium in
contact with the garnet electrolyte sur-
face and the lithiated-alumina interface
allows effective lithium ion transport
between the lithium metal anode and
garnet electrolyte.”

And the researchers themselves are
not the only ones who realize the impact
of their work.

“The work effectively solves the lithi-
um metal-solid electrolyte interface resis-
tance problem, which has been a major
barrier to the development of a robust
solid-state battery technology,” UCLA
materials science and engineering profes-
sor Bruce Dunn, who was not involved
in the research, says in the press release.

The paper, published in Nature
Materials, is “Negating interfacial imped-
ance in garnet-based solid-state Li metal

batteries” (DOI: 10.1038/nmat4821). M

A new method could boost the performance of solid-state batteries.

14
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Transmission electron microscopy image
of an improved two-phase ceramic mem-
brane that separates hydrogen. Proton
and electron conduction phases are
marked in color: barium cerate doped
with europium oxide (BCEO) and cerium
doped with yttrium and europium oxide
(CYO).

Ceramic hydrogen separation
membrane doubles flow rate,
could enable clean energy

Researchers at Forschungszentrum
Julich in Germany have developed a sig-
nificantly improved stable ceramic hydro-
gen separation membrane that can enable
a hydrogen flow rate that is nearly double
that of other separation membranes.

To bypass the limitations of individual
materials, the researchers explored two-
phase membranes based on perovskite
and fluorite. Their membrane mixes
together barium cerate doped with euro-
pium oxide (BCEO) and cerium doped
with yttrium and europium oxide (CYO).

“The individual grains are only a
thousandth of a millimeter in size and
exhibit both ionic and electronic con-
ductivity,” lead author Mariya Ivanova
says a Jilich press release.

The two-phase BaCe_Eu,,0,
Ce,,Y,,0,, membrane, just 500 pm-thick,
allows hydrogen protons and electrons
to separately pass through the mem-
brane. Protons occupy crystal lattice
vacancies in the ceramic membrane and
are driven through the membrane by
pressure differences and temperature,
the researchers explain.

“They dock onto a hydrogen ion and
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jump in the direction of the lower pressure to the next hydro-
gen ion, from vacancy to vacancy, until they form elementary
hydrogen again on the other side,” Ivanova says in the release.
“The electrons are transported through the second component
of the ceramic and ensure that charge equalization occurs.”

The ceramic membrane also functions at lower tempera-
tures of 600°C-700°C, although the research is preliminary.
So far, the team has only fabricated and tested a small mem-
brane, measuring about the size of a 10-cent coin—so there is
much more work to be done.

“It is still too early to be thinking about an industrial appli-
cation,” Ivanova says. “We will continue to conduct research,
searching for a suitable material with a high flow rate and
stability as well as low costs. The next step will be to increase
component size to make it fit for industrial application.”

Read more in the open-access paper, published in Scientific
Reports: “Hydrogen separation through tailored dual phase mem-
branes with nominal composition BaCe_ ;Eu ,0,:Ce Y O,

at intermediate temperatures”(DOI: 10. 1038/ srep34773) [ |

Synthesis technique integrates 2-D materials into
supercapacitors that can charge electronics in
seconds, last for decades

Researchers at the University of Central Florida (Orlando,
Fla.) have developed a technique to incorporate 2-D materials
into thin and flexible supercapacitor nanostructures that rap-
idly provide sufficient power and remain stable after countless
charging cycles.

“If they were to replace the batteries with these supercapaci-
tors, you could charge your mobile phone in a few seconds
and you wouldn’t need to charge it again for over a week,”
said Nitin Choudhary, a postdoctoral associate who conducted
much of the research, in a UCF news release.

The UCEF researchers’ 2-D materials of choice are transi-
tion metal dichalcogenides, semiconductor materials with
properties that make the materials well-suited for various
electronic applications.

To incorporate the 2-D materials into supercapacitors, the
team devised a technique to coat transition metal dichalcogen-
ide layers onto thin nanowires, creating coresshell structures.
The core structures provide conductivity, while the shells yield
high energy and power densities—so that the combined struc-
tures hold sufficient power yet still charge and discharge rapidly.

“There have been problems in the way people incorporate
these 2-D materials into the existing systems—that’s been a bot-
tleneck in the field,” principal investigator and assistant pro-
fessor Yeonwoong “Eric” Jung says in the news release. “We
developed a simple chemical synthesis approach so we can very
nicely integrate the existing materials with the 2-D materials.”

And although simple, the team’s synthesis approach is
highly effective.
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Researchers at the University of Central Florida have developed a
method to fabricate thin, flexible supercapacitors from 2-D materials.

While lithium-ion batteries significantly degrade and thus
ultimately fail at less than 1,500 charging cycles, recent super-
capacitors have stretched the cycles to a few thousand. But the
UCEF researchers’ new core-shell supercapacitors can recharge
30,000 times without degrading, according to the news release.

Because this is such a major advance, the team is now work-
ing to patent the fabrication process. “It’s not ready for com-
mercialization,” Jung says in the release. “But this is a proof-
of-concept demonstration and our studies show there are very
high impacts for many technologies.”

The paper, published in ACS Nano, is “High-performance
one-body core/shell nanowire supercapacitor enabled by con-
formal growth of capacitive 2D WS2 layers” (DOI: 10.1021/
acsnano.6b06111). M
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® odvances in nanomaterials

Nothing silly about super-
sensors made of ‘Silly Putty’
and graphene

A group out of Trinity College Dub-
lin in Ireland have mixed graphene with
homemade “Silly Putty” to make a com-
posite with very cool properties.

In a video available at youtu.
be/2aGixNIVzhk, Trinity College phys-
ics professor and lead scientist Jonathon
Coleman explains, “When you took
the composite... and you squashed it
or deformed it in any way, its electrical
resistance would change dramatically,”
which would make it useful as an elec-
tromechanical sensor. The researchers
found it has a “sensitivity factor of up
to 500—hundreds of times better than a
strain sensor,” according to Coleman.

How sensitive is that? Reports assert
it can sense footsteps of a spider walking
across it.

While arachnid zookeepers and
researchers may rejoice at having found
a sensor that will keep the little monsters
from making a jailbreak, there are practi-
cal applications in the biomedical arena
that could be disruptive.

For example, in the video Coleman’s
group shows that pulse and blood pres-
sure can be monitored easily by placing
the material over the carotid artery
and measuring the electromechanical
response. While there are plenty of exist-
ing techniques, Coleman notes that the
ability to measure blood pressure con-
tinuously is a breakthrough.

So why does it work? The sensitivity
results from a sharp increase in resistance
with applied strain. The resistance decays
very slowly compared to the rate at which
stress relaxes. The paper explains, “We
interpret this behavior as the strain rap-
idly deforming the network and breaking
nanosheet-nanosheet connections, thus
increasing the resistance.”

In addition, the researchers hypothe-
size that the nanosheets themselves have
some mobility. “This network relaxation
can be thought of as a self-healing pro-
cess,” although they note that the defor-
mation is not fully reversible. Eventually,

16

Trinity College Dublin researcher Johnny
Coleman investigates G-Putty, but his
son Oisin prefers Silly Putty.

the material will lose sensitivity.

Nonetheless, the upside potential of
this super-simple composite is huge.

“It shows the power of nanomateri-
als—a small amount of nano can turn
something ordinary into something
extraordinary,” Coleman modestly con-
cludes in the video.

The paper, published in Science, is
“Sensitive electromechanical sensors
using viscoelastic graphene-polymer nano
composites” (DOI: 10.1126/science.
2ag2879). W

Graphene goes 3-D to build
porous geometries that are

stronger and lighter than steel

Although 2-D materials such as gra-
phene have unsurpassed strength and a
whole host of properties that make them
potentially revolutionary, the difficulties
of integrating 2-D materials into 3-D
structures has hindered any potential
revolution thus far.

But engineers at the Massachusetts Insti-
tute of Technology (Cambridge, Mass.)
have figured out the key to building strong
yet light 3-D structures from graphene.

Using pressure and heat, the team
compressed 2-D graphene flakes into
3.D structures with a large surface area
in a small volume. Then, using atomistic
computational modeling, the scientists
built robust simulations of the material’s

Www.ceramics.org

£
]
3
o
o
B
2
]
o
z
£
=
€
i
=}
=
<
%
2
o

gyroid structure, accounting for individu-
al atoms within those structures.

These simulations showed that, with
an optimized structure, porous graphene
geometries could have 10 times the
strength yet just 5% the density of steel.

To confirm their simulations, the
engineers 3-D-printed much larger mod-
els of these geometries out of plastic,
varying the wall thickness, so that they
could experimentally test the structures.

Hear more from the engineers them-
selves and see how the structures held
up in a short MIT video available at

Izoutu.be/VIchc‘}ZFOg.

T ¢ concept 15 not limited to
graphene. “You could either use the real
graphene material or use the geometry we
discovered with other materials, like poly-
mers or metals,” Markus Buehler—senior
author on the new research, head of
MIT’s Department of Civil and Environ-
mental Engineering, and McAfee Profes-
sor of Engineering—says in an MIT press
release. “You can replace the material
itself with anything. The geometry is the
dominant factor. It’s something that has
the potential to transfer to many things.”

The open-access paper, published in
Science Advances, is “The mechanics and
design of a lightweight three-dimensional
graphene assembly” (DOI: 10.1126/
sciadv.1601536). @

3-D-printed gyroid models such as this
one were used to test the strength and
mechanical properties of a new light-
weight material.
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Big data offers bigger potential to bolster manufacturing efficiency and productivity

While big data’s role in research may be more familiar to
most, research is not the only place where big data has potential.

Because analysis of big data offers the ability to comprehen-
sively assess many nuanced variables at once, it is particularly
well suited for complex processes such as manufacturing.

According to an article from McKinsey & Company, a
management consulting firm, “In manufacturing, operations
managers can use advanced analytics to take a deep dive into
historical process data, identify patterns and relationships
among discrete process steps and inputs, and then optimize
the factors that prove to have the greatest effect on yield.”

In other words, collecting and analyzing big data in manu-
facturing can increase efficiency by saving time and money.
Even voices from some of the biggest names in manufactur-
ing agree that big data is key to boosting production and
making manufacturing competitive.

In fact, combining big data with flexibility in manufactur-
ing can increase productivity by 30% and decrease develop-
ment and assembly costs by 50%, according to a news story
from Ohio University. The university recently created an
infographic that provides several more figures about big data
in manufacturing. The full infographic is available at bit.

ly/2k7UfCL.
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This infographic, created by researchers at Ohio University, pro-
vides a visual representation of figures about big data in manu-
tly/2k7UFCL.

facturing. The full infographic is available at
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Big data can increase productivity and decrease manufacturing
costs in several different ways, including product development and
manufacturing processes.

Designing, building, and testing prototypes is time- and
labor-intensive—but using big data can enable modeling and
simulations that inform smarter prototype design and even
reduce the number of prototypes a company builds and tests.

Plus, data analytics can help manufacturing facilities run more
efficiently by monitoring equipment and processes, offering the
potential to sense and predict problems before they occur.

The results can drive rapid, optimized product development
and prevent costly downtime, ultimately boosting productivity.
“The big data era has only just emerged, but the practice

of advanced analytics is grounded in years of mathemati-
cal research and scientific application,” according to the
McKinsey & Company article. “It can be a critical tool for
realizing improvements in yield, particularly in any manu-
facturing environment in which process complexity, process

"l

variability, and capacity restraints are present.”
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Sintering technique processes
ultrafine nanocrystalline spinel

Nanocrystalline ceramics can have
extraordinarily high hardness.

Classic size-effect relationships predict
that decreasing grain size will increase
hardness, but the phenomenon is only
observed when ceramics are pore-free—a
condition difficult to achieve because
elimination of porosity at final stages of
sintering is linked to grain growth.

However, by further understanding
the dependence between densification
and grain growth, the Nanoceramics
Thermochemistry Laboratory at the
University of California, Davis—led by
ACerS member Ricardo Castro—has cir-
cumvented this problem to devise a new

process to fabricate fully dense ceramic
parts with virtually no grain growth.

The method produced transparent
nanocrystalline magnesium aluminate
(MgAlLO,) spinel with grain sizes of 7 nm
and a record-breaking Vickers hardness of
28.4 GPa—even harder than sapphire.

“Magnesium aluminate spinel is the
primary material of choice for stringent
optical and transparent armors, with
a combination of high hardness, light
weight, and broadband optical properties
that exceed that of competing materials,
such as sapphire and AION,” Castro says.
“However, high processing costs of truly
dense spinel ceramics limits their market.”

Densification slows down at the final
stage of sintering because pores become
highly stable. Castro’s group managed

A sample of transparent nanocrystalline spinel developed at University of
California, Davis.

Credit: Nanoceramics Thermochemistry Laboratory

to break this stability by using pressure-
assisted sintering with a punch designed
to deform when the system reaches the
final stage of sintering.

This spark plasma sintering (SPS)
process, named deformable punch spark
plasma sintering (DP-SPS), uses the high
heating rates of SPS. However, uniaxial
pressures from SPS are not enough to
induce full densification without some
level of grain growth, which can form
grains larger than 10 nm.

Therefore, the team used a complaint
punch to transfer transversal momentum
to the grains, shifting contact angles—
where pores and grain boundaries meet—
and breaking the pores’ stability cages.
The result is fully dense ceramics with
unprecedentedly small grain sizes.

“Our results show that we can lower
the sintering temperature to below
800°C, using nanoparticles as a starting
material and a deformable punch in the
die set that helps achieve full densifica-
tion with minimal—truly minimal—grain
growth,” Castro adds. “The method
removes residual porosity, which is criti-
cal for optical applications, by sliding the
grains instead of growing them during
sintering. This means very small grains
that are mostly limited by initial grain size
rather than by processing conditions.”

Using a controlled chemical synthe-
sis method, the UC Davis team densi-
fied nanopowders with 4-nm grain
sizes into spinel samples with 7-nm
grain sizes. The highly transparent

Research News

Crystal structure holds promise for optoelectronic devices

AFlorida State University (Tallahassee, Fla.) research team has discovered
a crystal structure of organic-inorganic hybrid materials that could open
the door to new applications for optoelectronic devices like LEDs and
lasers. The team used a class of crystalline materials called organometal
halide perovskites to assemble 1-D structures. The team found a way
to put these pieces together in a chain, which is surrounded by organic
pieces to form a core-shell type wire. Millions of the organic-coated
wires then stack together to form a crystalline bundle with interesting
optical properties—it is highly photoluminescent, which scientists can
manipulate moving forward as they use it for different technologies. For
more information, visit www.news.fsu.edu.
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Probing ways to turn cement’s weakness to strength

Rice University (Houston, Texas) researchers are a step closer to
understanding why plasticity at small scales lets concrete constantly
adjust to stress, even after hardening. The scientists performed an
atom-level computer analysis of tobermorite, a naturally occurring
crystalline analog to the calcium-silicate-hydrate that makes up
cement, to see how it uses dislocations to relieve stress. The models
showed that defect-free tobermorite deformed easily as water
molecules caught between layers helped them glide past each other.
But in particles with screw defects, the layers only glided so far before
being locked into place by tooth-like core dislocations. That effectively
passed the buck to the next layer, which glided until caught, and so
on, relieving the stress without cracking. For more information, visit
www.news.rice.edu.
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sample can be used as strike face materials for transparent
armor system and other applications that require transpar-
ency and high hardness.

The team measured an increase in hardness from 17.2 to
28.4 GPa—surpassing sapphire hardness—when it refined grain
sizes from 188 to 7 nm, following a square-root function of
grain size.

“The hardness for the nanospinel is higher than sapphire
for any given plane, while being equally transparent,” Castro
says. “Combined with the fact that the spinels are isotropic
due to their cubic structure, in terms of shock resistance this
nanospinel can offer better performance for sure.”

This behavior can be explained by a quasi-plasticity model
that assumes load-induced deformation in ceramics is accom-
modated by grain shearing, which breaks (and reforms) bonds at
grain boundary regions. Therefore, there is a correlation between
strength of grain boundaries, their networking area, and room
temperature macro-mechanical behavior.

Correspondingly, an increased grain boundary network (small
grains) should lead to more efficient intergranular cracking
deflection, macroscopically representing an increase in hardness.

From this perspective, there should be no expected low
grain size limit, except for when grains are so extremely small
that there is loss of long-range ordering and the material is
mostly amorphous.

DP-SPS has finally allowed production of such small-grained
samples to prove this concept, suggesting contrary data are
likely related to impurities and residual porosities.

Although tests mostly involved DP-SPS in spinel densifica-
tion, the team suggests there is no reason to believe this method
is exclusive to spinel densification. As long as deformation of
the punch is set to occur at the ceramic’s final stages of sinter-
ing, the method can likely eliminate residual porosity as well.

The UC Davis team also successfully tested the technique for
BaTiO,, suggesting the rise of a new generation of nanoceramics
with truly nanoscale sizes (<10 nm) that may unveil the full poten-
tial of nanoceramics without porosity interference.

Why ferroelectric crystals exhibit strong piezoelectric
responses

An international team of scientists led by Pennsylvania State University
(University Park, Pa.) may have solved the 30-year-old riddle of why certain
ferroelectric crystals exhibit extremely strong piezoelectric responses.
Previous research on a relaxor-ferroelectric solid solution suggested
that polar nanoregions contributed to its high piezoelectricity. The Penn
State team performed experiments at ultralow cryogenic temperatures
to determine if this theory was correct. Using phase-field modeling, the
researchers showed that the significant enhancement in piezoelectricity
originated from the polar nanoregions and demonstrated how the polar
nanoregions help generate ultrahigh responses. For more information, visit
Www.mri.psu.edu.
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Moreover, while the process can allow densification of
nanograined ceramics, it can also help densify micrograined
samples—in particular those difficult to sinter to full densities.

“With this unprecedented sizes and fully dense samples, we
can finally assess the nano-effects with great reliability, without
interfering porosity. We have tested the compliant punch in
other oxides now—achieving fully dense nanocrystalline samples
is not exclusive for MgALO,. So, testing magnetic behavior,
electric behavior, conductivity etc. can now be done without the
inconvenience of contaminations, cracks, and other common
sample problems in nanoceramics.”

“The secret is the compliant punch,” Castro says. “While at
this point we are focused on the science behind this, 'm positive
this can be scaled up. Once one can make thin nanospinel discs,
cutting them with a laser will be much easier than cutting sapphire
due to its isotropic properties. Moreover, with higher hardness
than sapphire, this can be a scratch-free surface that largely surpass-
es Gorilla Glass and sapphire for display applications as well.”

The paper, published in Materials Letters, is “Colossal grain
boundary strengthening in ultrafine nanocrystalline oxides”
(DOI: 10.1016/j.matlet.2016.10.035).

This work was sponsored by NSF DMR Ceramics, 160978.
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Magnetic ink prints self-healing
devices that fix themselves in
mere milliseconds

Engineers at the University of
California, San Diego have developed a
magnetic ink that can be used to print
batteries, circuits, and other devices
that, if broken or damaged, can heal
themselves in a matter of milliseconds.

The team developed the self-healing

carbon black, which they added for its
electrochemical properties.

Although the microparticles’ indi-
vidual magnetic fields would otherwise
cancel each other out, the engineers
found that if they printed the ink in the
presence of an external magnetic field,
the microparticles orient themselves so
that the device has two separate poles at
either end.

That way, if the device is damaged,

external forces, catalysts, or intervention.
According to the researchers, devices
printed with the new ink can self-heal
gaps as wide as 3 mm and can self-heal
in about 50 milliseconds, an impressive
achievement in both distance and time
when it comes to self-healing materials.
To show the versatility of such a self-
healing ink, the team has printed batter-
ies, electrochemical sensors, and wearable,
textile-based electrical circuits so far.

ink by loading it with neodymium mic-
roparticles, which are magnetic, and

A newly developed ink for printing electronic devices can self-heal itself with the help

of magnetic nanoparticles.

Research News

Milestone in graphene production produces functional OLEDs

For the first time, Fraunhofer Institute (Dresden, Germany) researchers
along with with partners from industry and research have produced
functional OLED electrodes from graphene. In a steel vacuum chamber,
the scientists heated a wafer plate of high-purity copper to about 800°C
and then supplied a mixture of methane and hydrogen to initiate a chemical
reaction. In just a few minutes, the methane dissolves in the copper and
forms carbon atoms, which spread on the surface. After cooling, a carrier
polymer is placed on the graphene and the copper plate is etched away,
leaving an OLED electrode. Due to their flexibility, the graphene electrodes
are ideal for touch screens. For more information, visit www.fraunhofer.
de/en/press.
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the two broken ends are attracted to
one another, healing the device with no

According to a UCSD news release,
“For example, nanoengineers printed a
selfhealing circuit on the sleeve of a T-shirt
and connected it with an LED light and
a coin battery. The researchers then cut
the circuit and the fabric it was printed
on. At that point, the LED turned off. But
then within a few seconds it started turn-
ing back on as the two sides of the circuit
came together again and healed them-
selves, restoring conductivity.”

A video showing a few examples of
the team’s self-healing devices is available
at youtu.be/BYUOdKeunoO.
Our work holds considerable prom-
ise for widespread practical applications
for long-lasting printed electronic devic-
es,” says Joseph Wang, director of the
Center for Wearable Sensors and chair
of the nanoengineering department at
UC San Diego.

The open-access paper, printed in
Science Advances, is “All-printed magneti-
cally self-healing electrochemical devices”

(DOI: 10.1126/sciadv.1601465). |
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Lighting up ultrathin transition metal dichalcogenide films

Ludwig Maximilian University (Munich, Germany) researchers have
developed a method for rapid and efficient characterization of thin-film
semiconductors made up of transition metal dichalcogenides. Recent
studies of these materials have led to inconsistent values for the degree of
valley polarization. With the aid of a newly developed polarimetric method
and using monolayers of molybdenum disulfide as a model system, LMU
researchers have now clarified the reasons for these discrepancies:
Response to polarized light is sensitive to the quality of the crystals, and
can thus vary significantly within the same crystal. The new method can
be applied to other monolayer semiconductors and systems made up
of several different materials. For more information, visit www.en.uni-
muenchen.de/news.
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Sea sponges resist buckling by building optimally
engineered glass toothpicks

Orange puffball sea sponges (Tethya aurantia) extract silica
from seawater to build glass spicules, called strongyloxea,
which provide internal structural support to these otherwise
squishy creatures.

Orange puffball sponges have evolved bundles of toothpick-
shaped spicules that help the sponge maintain its shape.

But how can squishy sponges maintain their structural
integrity with only thin filaments made of glass?

Brown University researchers Haneesh Kesari and Michael
Monn have taken a closer look at orange puffball spicules and
found that they have evolved a precisely engineered design that
provides the structures with maximal strength.

The researchers’ close examination of orange puftball sponges
showed that their monolithic, axially symmetric, tapered silica
spicules—which are about 35 pm thick and just 2 mm long—are
“remarkably uniform,” according to the authors.

While examining the spicules, the Brown researchers noticed
that in addition to their uniformity, the structures had an
unmistakable toothpick-like shape—thicker in the middle and
tapered at the ends.

Why, the team wondered, would the sponges use such
tapered structures rather than simple columns?

Kesari and Monn found their answer in an engineering theory
devised by German scientist Thomas Clausen in 1851. Clausen
thought that a column structure that was tapered at the ends
would be most resistant to buckling, the primary failure mecha-
nism in slender structures—and he was right. Calculations show
that a Clausen column is 33% more resistant to buckling than a
cylinder and 18% more resistant than an ellipse.

So the design of the orange puffball sponge’s spicules pro-
vide them with resistance to buckling, despite the fact that
they are made of glass.

“We use a structural mechanics model to better understand
the function of the strongyloxea spicules within the sponge and
to show that they are well tuned for performing that load bearing
function,” Monn explains via email.

Clausen column structures have been historically difficult
to engineer via traditional manufacturing, which is why most
architectural designs incorporate simple columns instead.
“However, 3-D printing and other digital manufacturing
techniques could totally shift this balance and allow for prac-
tical designs that leverage optimal shapes like the Clausen
column,” Monn notes in the email.

According to Monn, optimized Clausen columns might be
able to improve and strengthen nanoscale and microscale truss
materials in particular.

“High-resolution 3-D printing has allowed us to design
the interior of components so they don’t need to be solid,”
Monn explains. “This makes the materials’ specific stiffness
and strength much higher by replacing solid material with
a nanoscale or microscale truss lattice. But the downside is

American Ceramic Society Bulletin, Vol. 96, No. 2 | www.ceramics.org

The odd shape of tiny structural rods found in a species of sea
sponges turns out to be optimal for resistance to buckling.

that you introduce a new and important failure mode—truss
element buckling.”

And because Clausen columns are optimized to resist
buckling, this small structural change could help make such
truss structures even stronger.

The open-access paper, published in Scientific Reports, is “A
new structure-property connection in the skeletal elements of the
marine sponge Tethya aurantia that guards against buckling insta-

bility” (DOI: 10.1038/srep39547). M
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A laser-heated sample being dropped into a calorimeter.

By Alexandra Navrotsky and Sergey V. Ushakov

Experimental methods for measuring high-temperature properties
of refractory ceramics will provide data to engineer new materials
for extreme service applications.
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Hot matters—

Experimental methods
for high-temperature
property measurement

( joncepts of “heat” and “tempera-

ture” pervade our thinking and
language. We know intuitively that “hot” is
fast and “cold” is slow. A “hot topic” also
can be “cool.” We live in a narrow range of
temperatures between the freezing and boil-
ing points of water. Since early in human
history, we have endeavored to harness fire
to inhabit a comfortable temperature envi-
ronment, to cook our food, and to make
new metal and ceramic materials using high-
temperature processing.

Yet an exact definition of “high-temperature” remains elu-
sive. The temperature of the sun’s surface and of the bound-
ary of the earth’s iron-nickel inner core is around 5,500°C.
Temperatures of millions of degrees are achieved in stars, in
nuclear explosions, and in experiments on inertial confinement
fusion. Temperatures above the melting and softening points of
steel and glass represent high-temperature for most people, and
traditionally the term 'refractories' is reserved for materials that
can be used for containment of metal and silicate melts.

The calculation of phase diagrams method (CalPhaD)' was
developed from endeavors in alloy modeling and now is a cor-
nerstone of the integrated computational materials engineer-
ing (ICME) approach, providing inputs for simulating phase
and microstructure evolution and mechanical properties with
phase field techniques and finite-element methods. ICME
has demonstrated remarkable achievements in accelerated
development of new alloys.? However, with superalloys reach-
ing their high-temperature limits for required applications,’
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Capsule summary

AN OPPORTUNITY FOR CERAMIC MATERIALS

INSIDE THIS ARTICLE

Although measurement and modeling techniques
have accelerated development of superalloys,
these materials are reaching their high-tempera-
ture limits. Ceramic materials offer unprecedented
higher-temperature capabilities, but lack experi-
mentally measured thermodynamic property data.

strong impetus exists to extend ICME to
ceramic materials, which require experi-
mentally measured high-temperature
thermodynamic properties. As with any
technology, the applications are stretch-
ing beyond the original development
purpose. However, once successfully
implemented, ICME has potential to
affect all categories of refractory ceram-
ics, as shown in Figure 1 and described
briefly below.

Major classes of refractories

Ceramic thermal barrier coatings
(TBC) on metal alloys enable higher
operating temperatures and prevent
melting and high-temperature oxidation.
In addition to high melting tempera-
tures, TBCs are required to have low
thermal conductivity and low oxygen
permeability. However, lower thermal
expansion of ceramic materials than of
metals poses a problem of delamination
during heating-cooling cycles.

Coatings for gas-turbine blades in
jet engines are probably the most stud-
ied class of TBCs.> Current coatings
use tetragonal yttria-stabilized zirconia
(YSZ) deposited in a columnar struc-
ture to avoid delamination. In addi-
tion, an engineered Al,O -based bond-
ing layer between the alloy and coating
provides adhesion. Coatings with
lower thermal conductivities at high
temperatures, such as La,Zr,O,, have
been explored* to increase operating
temperature and, thus, improve engine
efficiency. Resilience of the coatings to
interaction with silicate particles in the
atmosphere or from the ground during
takeoff and landing is a major concern
and constitutes another research direc-
tion. Radiation cooling is the most
efficient way to dissipate heat at high
temperatures, thus, high emissivity is

highly desirable.
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We review recent developments in experimental
methods that can provide data for high-temper-
ature properties of refractory ceramics, including
thermal analysis and the laser flash method;
high-temperature calorimetry; and X-ray and
neutron diffraction.

BIG, BOLD, AND HOT

Recent advances have made high-temperature
property research more available and sustainable
than ever before. Using newly acquired thermody-
namic data, computational design has an incred-
ible potential to develop new ceramic materials.

Ultra-high-temperature
ceramics (UHTCs) are
under development for
control- and propulsion-
related surfaces of hyper-
sonic vehicles.> An ideal
UHTC is lightweight and
has a high melting tem-
perature. SiC composites
have been used for blunt
aerodynamic surfaces of
space shuttles, which heat
to 1,500°C upon atmo-
spheric re-entry. Sharp
leading edges can provide
better aerodynamic char-
acteristics, although they
can reach temperatures
in excess of 2,000°C.
Therefore, carbides and
borides of hafnium, tanta-
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lum, and zirconium—with
melting temperatures
that exceed 3,000°C—are
key constituents for new
UHTC ceramics and
impose requirements different from
coatings. As with coatings on metals,
their function is to protect underlying
ceramics from oxidation by air or high-
temperature water vapor formed during
fuel combustion. Melting temperatures
of constituents of UHTCs are higher
than for oxides (Figure 2). For internal
surfaces that cannot be cooled by radia-
tion, high thermal conductivity may be
desired to reduce thermal gradients and
allow heat dissipation in other parts of
the vehicle.

Uranium oxide (UO,) is the main
nuclear fuel used throughout the world.
Researchers have spent hundreds of
person-years studying its high-tempera-
ture thermophysical properties and have
developed many novel experimental
techniques. In pressurized and boiling
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Figure 1. Operation temperature versus cost for major
categories of ceramics and alloys.

water reactors, UQ, is used in the form
of pellets that are ~1 ¢cm in diameter
inside zircaloy tubes filled with helium
gas. Composition and microstructure of
the fuel changes during burnup because
new atomic species are formed by fission
and because of the steep thermal gradi-
ent during operation (from 1,400°C in
the center of the pellet to 400°C at the
rim). Reaction of zirconium with steam
at temperatures greater than 1,200°C to
produce zirconia and hydrogen has been
the source of catastrophic explosions in
nuclear reactor accidents involving loss
of coolant.

There is now great interest in finding
new fuels and fuel assemblies that are
more accident tolerant, including ura-
nium carbides and nitrides. Multilayer
encapsulation of fuel spheres in layers of
materials with high thermal conductivity,
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Figure 2. Compounds with melting temperatures higher than 2,000°C and specific grav-

ity-melting temperature envelope.”

such as SiC and graphite, is proposed to
aid heat exchange and provide better sta-
bility in operation and direct disposal of
spent fuel. ICME application to nuclear
fuels is the most advanced, with an exten-
sive and growing set of experimental data
and ab initio calculations on thermody-
namic and thermophysical properties of
UQ, and its solid solutions, facilitating
CalPhaD! and phase field> modeling.
Concrete and industrial refractories
used for metal and glass manufacturing
to a large extent use as-mined, chemically
unprocessed, and relatively cheap mixtures.
Thermal stability and mechanical proper-
ties of the concrete are defined mostly by
cements holding together sand, gravel, and
crushed rock. Portland cements, the most
common type used around the world, are
mostly composed of Ca,SiO; and Ca,SiO,
synthesized at temperatures higher than
1,400°C. Calcium aluminate cements are
used in construction concretes and in cast-
able refractories, blurring the line between
these categories. Oxides of aluminum,
silicon, magnesium, calcium, titanium, zir-
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conium, and chromium, and carbides and
nitrides of titanium, boron, and silicon are
the major constituents of common refrac-
tories. Further, oxide/graphite refractories
are used to avoid wetting by silicate slags
and to increase thermal conductivity.
Refractories used to be disposed
as landfill after removal from service,
so the cost to produce refractories
was a major concern in design and
manufacturing. Energy conservation
and recycling requirements as well as
developments in hot repair and in situ
fabrication technologies, may lead to
feasibility of using high-performance,
more expensive formulations. Industrial
refractories used at high temperatures
require strength, dimensional stability,
and high or low thermal conductivity,
with evolving microstructure under con-
ditions of sharp thermal gradients and
in contact with silicate slags and metal
melts of complex compositions.
Modeling capabilities promise to
streamline development of new high-
temperature materials and facilitate
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improvements of existing ones by
reducing the cost and time required for
screening and by focusing experimental
efforts in the most promising directions.
Data on surface energies, enthalpy, heat
capacity, and molar volumes as a func-
tion of temperature are required as ther-
modynamic inputs. Success of the ICME
approach for alloys development? is to
a large extent because of availability of
these data for metals, leveraged by appli-
cation of CalPhaD modeling. Fusion
enthalpies have been measured for all
metals and many alloys, often using vari-
ous experimental techniques.”®
However, even melting temperatures of
key refractory oxides are being corrected
by up to hundreds of degrees (e.g., MgO),”
heats of fusion are often unknown, and
thermodynamic data for complex ternary
and multicomponent oxide systems are
far less complete than for metals. What
follows are some examples of recent devel-
opments in experimental methods that
can provide missing data. More detailed
accounts of the research mentioned can
be found in several reviews’™ and the ref-
erences therein.

Temperature measurement

Resistance and thermocouple ther-
mometry is well developed and used
ubiquitously. Seebeck voltage is stan-
dardized to 1,820°C for B-type Pt-Rh
thermocouples, and W-Re thermo-
couples can be used to 2,800°C in inert
conditions. Reaction with measured
samples, aging, and evaporation of ther-
mocouples makes contactless tempera-
ture measurement preferable for many
applications. Often it is the only feasible
method available, such as for oxidizing
conditions in excess of 1,800°C, liquid
metals, or levitated samples.

Radiation thermometry is used to
define the International Temperature
Scale above the freezing temperature
of silver (961.78°C). The theoretical
basis for radiation thermometry is
Planck’s law describing the temperature
dependence of spectral radiance of a
blackbody, namely an abstract object
that does not reflect light and emits only
thermal radiation:

BU(T) = 2ho*/c?)
(exp(hv/kT)-1)
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where T is absolute temperature;

v frequency of radiation; and h, k, and
¢ constants (Planck’s, Boltzmann’s, and
speed of light, respectively).

Emissivity (€) is the ratio of spectral
radiance of the actual material to radi-
ance of a blackbody at the same tempera-
ture. In traditional single-color pyrom-
etry, apparent temperature is obtained
from a single intensity value registered
on a narrow preselected band (ensured
by a red filter in disappearing filament
pyrometry). Geometry close to that of a
blackbody cavity is sought in the experi-
mental arrangement to ensure € = 1.

In the simplest case, the pyrometer can
be aimed inside the crucible through a
small orifice. Even in these ideal conditions,
researchers must account for absorption by
windows along the observation path, and
any changes caused by absorption or emis-
sion, such as by generated vapors, will affect
accuracy of the measurements.

When blackbody cavity geometry
is not possible, emissivity has to be
measured or estimated for single-band
pyrometry. In general, € changes with
wavelength, temperature, observation
angle, and surface roughness, and, thus,
estimation of emissivity is the major
source of uncertainty. Emissivity can be
obtained from reflectivity (R), and, if the
object is not transparent for the chosen
wavelength, then € = (1 - R). A Pyrolaser
instrument (Pyrometer Instrument Co.,
Windsor, N.J.) measures emissivity at
865 nm in situ from the power of pro-
jected and reflected laser beams.!®

Two-color pyrometry measures intensity
of radiation on two spectral bands, assum-
ing emissivity is identical at the chosen
wavelengths. Temperature is derived from
the ratio of intensities rather than their
absolute values. However, any differences
in effective emissivities between chosen
wavelengths will have a large effect on
accuracy of the measurements. Luckily,
at temperatures greater than the reach
of PtRh thermocouples, emitted radia-
tion can be registered in the visible range
(Figure 3), for which sensors and optics
represent well-developed technology.

Spectropyrometers, which use all the
measured intensities for calculation of
surface temperature, often are used in
research and have been available com-
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Figure 4. Modified high-temperature differential thermal analyzer (left) and heat flow
trace (right) of Nd,O, showing premelting phase transformations and melting (baseline

subtracted).

mercially for more than a decade.
When spectral responsivity and linear-
ity corrections have been established
through calibration, the programmed
algorithms of data processing can be
applied to derive a temperature value
from the entire spectrum. The possibility
to adapt conventional and high-speed
complementary metal-oxide semicon-
ductor cameras for 2-D and stereoscopic
pyrometry was demonstrated recently.!?
Although it is unlikely that radiation
thermometry will ever reach accuracies
of resistance and thermocouple contact
measurements, the possibility of routine
measurement of surface temperatures

- ——T=2500°C
—T=2080°C
- —_—T = 18007 G

with uncertainties of +5°C using spectro-
pyrometry and in situ emissivity methods
is a big advancement.

Thermal analysis and laser flash
method

Methods of differential thermal
analysis (DTA) and differential scan-
ning calorimetry (DSC) take their root
in measurement of sample temperature
heating or cooling. Heat flow traces in
DTA and DSC correspond to differenc-
es in temperature between a sample and
an empty reference crucible. The meth-
odology is well developed and widely
used for biological materials, polymers,
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Figure 3. Theoretical spectra of blackbody radiation at 1,800°C and 2,500°C. Emissivity-
independent fit of surface temperature of levitated bead from spectropyrometer is

shown on the inset.
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Figure 5. Drop-n-catch calorimeter schematic, operation and enthalpy versus tempera-
ture curve for Al,O,. Diameter of sample beads is 2.5-3 mm.

and ceramics up to 1,600°C with Pt-Rh
thermocouples for temperature measure-
ment. For the higher temperature range,
DTA for operation to 2,400°C with
W-Re thermocouples is available from
several manufacturers. Nevertheless, the
method generally was not used to quan-
tify heat effects above 1,600°C because
of fast aging of W-Re thermocouples
affecting temperature calibration and the
absence of standards for fusion enthalpy
above the melting temperature of AL,O,
(2,054°C).

Recently, the Thermochemistry
Laboratory at the University of
California, Davis further explored the
DTA method for its potential to pro-
vide the means to fill missing data on
fusion and phase transition enthalpies
above 1,600°C. A Setaram (Caluire,
France) Setsys 2400 DTA equipped with
graphite furnace and W-WRe sensor was
modified to allow operation to 2,500°C
and measurement of sample temperature
by radiation thermometry (Figure 4).
Enthalpies of phase transitions in HfO,
and La,0; and fusion enthalpies of
La,Zr,O,, LaAlO,, and La,0, were mea-
sured successfully on samples sealed in
tungsten crucibles to prevent reactions
with carbon present in the furnace.” The
recent independent measurement of
fusion enthalpy of Y,O, allows high-tem-
perature sensitivity calibration, which
extends DTA capabilities to provide
thermodynamic data above 2,000°C."

The laser flash method heats a disk-
shaped sample by laser pulses on one
side while tracing temperature rise on
the opposite side. Many companies offer
flash instruments for measurements up
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to 2,800°C. Originally the method was
demonstrated to yield thermal diffusivity
and heat capacity, which allows calcula-
tions of thermal conductivity."* However,
it is currently used almost exclusively for
thermal diffusivity measurements. This is
because heat capacity determination with
laser flash requires a reference standard
with the same surface emissivity as the
sample or requires coating the sample
and standard to provide identical emis-
sivity, which is not required for thermal
diffusivity measurements.

A common practice is to measure ther-
mal diffusivity with a laser flash method
and obtain heat capacity values from
scanning calorimetry or estimate values
from available reference data or theoreti-
cal considerations. Applications of the
laser flash method for high-temperature
heat-capacity measurements should be
explored further using advances in radia-
tion thermometry discussed above.

High-temperature calorimetry

Levitation calorimetry on metals using
magnetic levitation and inductive heat-
ing has been practiced by several groups,
and fusion enthalpies of platinum, pal-
ladium, molybdenum, neodymium, and
10 other metals were measured by 1975.
These data, in addition to more recent
independent measurements of heat con-
tents by pulse heating,® provide a reliable
foundation for computational engineer-
ing of alloys.

Multiple compilations of thermody-
namic data often refer to a single source
when it comes to heat content of refrac-
tory oxides above 2,000°C." In this
work, samples that weigh tens of grams
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were suspended in a graphite furnace
and dropped into an ice-water calorim-
eter.”” Drop calorimetry also was used to
measure heat content and fusion enthal-
py on UQ, samples sealed in tungsten
containers.'® However, no experimental
measurements of fusion enthalpies of
fusion of high-melting oxides, such as
HfO, and ZrO,, have been reported.
The most recent assessments of thermo-
dynamic functions for rare-earth oxides
for calculations of phase diagrams is
based on a single, sparingly described
measurement of Y,O, fusion enthalpy."

A new technique for ultra-high-tem-
perature drop calorimetry on ceramic
samples was recently developed at UC,
Davis (Figure 5). In this method, called
drop-n-catch (DnC) calorimetry, samples
are laser heated in a splittable nozzle
aerodynamic levitator and dropped into
a calorimeter at room temperature. The
step in enthalpy versus temperature
curve gives the heat of fusion.!” DnC
was validated by measuring fusion
enthalpy of ALO, and now is used in
combination with DTA for enthalpy
measurements of fusion and phase tran-
sitions of rare-earth oxides.

Surface energies, perhaps an abstract
concept for ceramic engineers, however,
invariably come into play in models of
mechanical properties and microstruc-
ture development. Thus, it is no surprise
that surface and interfacial energies
of metals and alloys are studied much
more comprehensively than for ceramic
materials. Thermodynamically, surface
energy can be defined as a reversible
work to create the new surface and inter-
facial energy as a sum of surface ener-
gies minus work of adhesion required
to separate the interface. These figures
are required as inputs for modeling of
nucleation and fracture, in which new
interfaces and surfaces are created—and
of the sintering process in which they
are eliminated.

High-temperature oxide melt solu-
tion calorimetry has been used for
half a century for measurements of
enthalpies of formation of refractory
compounds, which are not easily dis-
solved in acids.’ In the past 20 years, it
also became instrumental for measure-
ments of surface energies of key refrac-
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tory oxides: AL,O,, TiO,, ZrO,, HfO,,
MgO, and Y,0,.” The method is elegant
in its simplicity—single-phase samples of
various surface areas are dissolved in a
sodium molybdate (3Na,0-4MoQ,) or
lead borate (2PbO-B,O,) melt at 700°C
or 800°C. When the surface area is the
only variable in the experiments, linear
dependence of heat effects on surface
area is observed and absolute value of
the slope corresponds to surface energy.

Refractory oxides can manifest a strik-
ingly large variation in surface energy
between various polymorphs. For exam-
ple, surface energy for ZrO, changes
from 0.5 J/m? for the amorphous phase
to above 3 J/m? for the monoclinic
phase. High-temperature phases of given
oxides generally have lower surface
energies, thus, amorphous and high-tem-
perature polymorphs are thermodynami-
cally stabilized at high surface areas. A
familiar example is the stable amorphous
Al O, layer that forms on the surface of
aluminum-containing alloys (and is used
as a starting layer for TBC engineering).

Surface energies are increasingly cal-
culated from first principles. However,
with ceramic materials representing more
variation in bulk and surface structures
and types of defects, experimental bench-
marks are essential. Novel approaches to
evaluate surface energy from heat evolved
on coarsening in DSC and from enthalpy
of water adsorption have been developed
and validated against the values measured
by solution calorimetry.'®

X-ray and neutron diffraction
Powder X-ray diffractometry (XRD) has
become an indispensable workhorse of
materials characterization at all steps of
ceramic development and manufacturing.
In part, this is because of an accumulated
collection of more than 170,000 entries of
structural data for inorganic compounds
and automated routines for whole profile
Rietveld analysis, allowing quantification
of phase contents and crystallite sizes.
High-temperature powder XRD provides
data on thermal expansion and volume
change on phase transition, which are
required for thermodynamic modeling.
XRD also can be used for in situ phase
diagram determination, especially at high
temperatures, because of fast equilibration.
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Figure 6. Aerodynamic levitator at Argonne Photon Source (beamline 6-1D-D) for in situ
high-temperature diffraction on ceramic materials. Matthew Fyhrie (UC Davis) is load-
ing the oxide sphere in the levitator chamber with an air pick.

For powder XRD at temperatures
lower than 1,700°C, Pt-Rh thermocou-
ples and ceramic holders or AL, O, capil-
laries! at synchrotron sources can be
used for measurements in variable atmo-
spheres. For diffraction experiments at
temperatures higher than 2,000°C, tradi-
tional measurements are limited to inert
atmospheres using W-Re thermocouples
and tungsten, molybdenum, or rutheni-
um sample holders or wires, which often
also serve as heaters. Because of high
thermal expansion of metal holders, the
quality of diffraction data at tempera-
tures in excess of 2,000°C is rarely suit-
able for structure determination.

High-temperature structures have been
determined successfully from neutron dif-
fractometry using a large volume of sample
encapsulated in a container. Neutrons
have the advantage over Xerays in that they
are much more sensitive to light elements,
including oxygen and hydrogen. However,
because of scarcity of neutron sources
around the world and complexity of mea-
surements, such determinations have been
limited until recently. For example, among
rare-earth sesquioxides, high-temperature

structures have been determined only for
La,O, and Nd,O,. However, this field is
growing because much smaller sample sizes
are now required for neutron diffractome-
try and facilities are becoming much more
userfriendly.

Aerodynamic levitators with laser
heating have been used for more than
a decade at synchrotron and neutron
sources worldwide to study structures of
oxide melts.”?® These operational instru-
ments also can provide high-temperature
diffraction data on solids. In levitation
experiments, a sample is suspended in a
gas flow and heated by a CO, laser beam,
and surface temperature is measured
with radiation thermometry (Figure 6).
Samples are usually prepared by laser
melting of powders, in which case spher-
oids are formed by surface tension of the
melt. Diffraction is obtained from the top
of the bead levitated in a shallow conical
nozzle. The technique can obtain high-
energy synchrotron diffraction patterns in
0.1 s, while tens of minutes of collection
time are required for neutron diffraction.*

Because the levitating sample is
heated from the top and cooled from

www.ceramics.org/laser-melting
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More high-temperature measurements @ ceramics.org

* Hot news: Laser melting sets new record for ultra-high temperature ceramic materials
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the bottom by gas flow, thermal gra-
dients in the diffracted volume are
unavoidable. They are larger for solid
samples than for melts because of the
absence of thermal conduction inside
the sample by convective flows, and can
reach 150°C. Despite such problems, the
first applications of the method resolved
some lingering questions on structure
and thermal expansion of refractory
oxides, such as high-temperature phase
transformations in Y,0, and Yb,O,, and
thermal expansion of YSZ and La,Zr,O,
to melting temperatures.*’ The method
now is used to measure thermal expan-
sion and volume changes on phase trans-
formation in rare-earth oxides, which are
critical for CalPhaD modeling of oxide
systems with rare earths.

The unique advantages of levitation
are elimination of sample reaction with
container or support material and flexibil-
ity in choice of atmosphere. UHTC for-
mulations for flightrelated applications
should be capable to sustain high-temper-
ature exposure to oxygen in conditions
of hypersonic flow. In-depth understand-
ing of high-temperature interaction with
water vapor is critical for propulsion-
related UHTC formulations and for
design of protective coatings for nuclear
applications. Diffraction on levitated,
laser-heated samples in variable environ-
ments at synchrotron and neutron user
facilities provides versatile new tools for
high-temperature research. It can provide
high-temperature thermophysical data
(thermal expansion and volume change
on phase transitions) and, potentially,
kinetic data on high-temperature oxida-
tion reactions and transformations.

Most high-temperature thermodynamic
and thermophysical data on refractory
oxides were obtained during the Cold
War era using ad hoc instrumentation in
specialized laboratories. The current avail-
ability of synchrotron and neutron user
facilities, turnkey lasers, high-temperature
DTA, and commercial calorimeters now
make high-temperature research sustain-
able in university settings. When required
basic thermodynamic inputs are available,
computational materials design has poten-
tial to speed up the “lab-tofab” cycle for
materials development. It is our hope that
such developments will be fruitful, and
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our current students will witness civilian
supersonic flights, manned landings on
Mars and other regions of the solar sys-
tem, and improvements in technology for
sustainability on Earth that older genera-
tions could only dream of.

Think big, bold, and hot!
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Ceramic reactive S .
o e __Arne Magneli was one of the
= pioneers of crystallography.
membranes made Of  Magneli established the study of transi-
- . - tion-metal suboxides and shear-plane dis-
Mag ne' I- phase tltan ium locations, paving the way for discovery of
conducting titanates and pervoskites.

OXide decrease Operating Diginhing in the 1940s, Magneli examined a variety

of transition-metal oxides to determine why the materials
= were lubricious and electrically conductive, when they
expenses a nd Increase should have been neither. These early studies focused
on tungsten and molybdenum suboxides, and later work
= = - included titanium and vanadium suboxides.

Effl CIency In Wate r— Magneli discovered that, similar to graphite and (later)
graphene, each material’s crystalline structure featured dis-
location planes that accounted for the material’s electrical

treatment p I a nts conductivity and lubricious properties. These materials
now are called Magneli-phase materials. Magneli-phase
suboxides of titanium are ceramic materials that have a

by Robert Sterner and Jay Huang graphitelike crystalline structure. These materials have
individually identifiable X-ray diffraction spectra and

are not simply doped TiO, or casual mixtures of TiO .

Start-up company Magneli Materials has developed a new Magneli-phase titanium suboxides are a range of distinct

compounds with a general formula of Ti O, | (n = 4-10),

such as Ti,0., Ti,O,, and Ti,O,,.

47 579

manufacturing process to produce industrial quantities of Magneli-
phase titanium dioxide, an electrically conductive ceramic with

industrial processing applications. Key properties of Magneli-phase materials

The structure of Magneli-phase titanium oxides are
based on, but distinguishable from, the rutile TiO, crystal
structure and are all triclinic.

Magneli-phase crystals consist of TiO, octahedra blocks
that share edges and corners to form a slab, which repeats
in two dimensions. In Ti O, _, every n™ layer has an oxygen
deficiency, which leads to shear planes in the crystal struc-
ture. This shear plane occurs at n spacing in the octahedral
layers. Higher n values have greater shear-plane intervals.

Ti,O, is by far the best known and most studied
Magneli-phase material. It is the most reduced Magneli-
phase material, with a rutile form of TiO, with every
eighth oxygen removed. Ti,O, has the highest number
of shear planes occurring at the shortest spacing of these

American Ceramic Society Bulletin, Vol. 96, No. 2 | www.ceramics.org 29


http://www.ceramics.org

Capsule summary

BACKGROUND

Magneli-phase titanium oxide is an electrically
conductive ceramic with potential applications in
many areas of industrial processing. Although the
material’s advantages have been known for about
30 years, the existing manufacturing process was
expensive and produced low-quality material.

shear planes. The material also has the
highest electrical conductivity and chem-
ical stability among all Magneli-phase
titanium suboxides. When n < 3, shear-
plane accommodation of the octahedra
collapses, and the crystallographic struc-
ture shifts from triclinic to monoclinic.

Magneli-phase materials have metallike
electrical conductivity. They also display
high corrosion resistance in aggressive
acidic and basic solutions. The materials
are exceptionally resistant in HF, HCI,
and KOH as well as other highly oxidiz-
ing environments, and they are exception-
ally stable under electrically polarized
conditions that make them useful as high-
performance anodes and cathodes.

In terms of electrochemical proper-
ties, Magneli-phase materials have a wide
overpotential window that suppresses
oxygen-gas and hydrogen-gas evolution
in water. Magneli-phase materials also
have exceptional catalyst retention and
superior adhesion, and, thus, require less
catalyst. These also are superior charac-
teristics for high-performance anode and
cathode production.

Magneli-phase materials are lubricious
and have high wear resistance—similar to
graphite, but with higher wear resistance.
The materials also are superhydrophilic,
making them particularly useful as drying

BREAKTHROUGH

Start-up company Magneli Materials LLC (New
Canaan, Conn.) developed a novel manufacturing
process for large-scale production of indus-

trial quantities of high-quality Magneli-phase
titanium oxide.

agents or electrical cable coatings. In addi-
tion, the materials display high microwave
absorption (stronger than silicon carbide)
and, thus, can be used as waveguides and
stealth coatings. Finally, the materials are
photocatalytic—yet nontoxic, cost-effective,
environmentally friendly, and naturally
abundant—making them particularly
suited for water-splitting applications.

Commercial manufacturing of
Magneli-phase titanium materials
Magneli-phase titanium materials were
isolated first in the late 1970s by Peter
C.S. Hayfield while working for Imperial
Metals Industries, a large United
Kingdom-based producer of titanium
alloys. Hayfield named the material
“Ebonex” after its deep blue-black color.
Ever since, Ebonex has been pro-
duced by Atraverda, a U.K. company.
The company produces Ebonex via a
two-step firing process, which involves
first making a TiO, ceramic body using
a conventional process. Then Atraverda
reduces the prefired porous ceramic
body in a hydrogen kiln to obtain mixed
Magneli-phase titanium suboxides, which
are crushed and milled to powder.
Atraverda’s manufacturing process
requires sophisticated equipment and
processes, with separate ceramic and

Credit: Magneli Materials

Magneli Materials Ti,O, anodes for water-treatment, water-disinfection, electrowin-
ning, and galvanizing industries. Plasma spray coating deposits Ti,O, on titanium to
produce the anodes.
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APPLICATIONS

In addition to developing Magneli-phase titanium
oxide-coated anodes for industrial water treat-
ment, Magneli Materials fabricated a ceramic
reactive membrane that can decrease operating
expenses and decrease processing times by 50%
in water-treatment plants.

hydrogen-reduction production lines.
The low-efficiency process is time inten-
sive, requiring more than 50 hours for
the two-fire process alone.

In addition, the hydrogen-gas kiln
introduces safety issues into the process.
Further, it consumes a large amount
of energy—ceramic firing requires tem-
peratures of 1,300°C, and the reduc-
tion process requires temperatures of
1,100°C—which contribute to high
manufacturing costs.

Finally, materials produced with this
manufacturing process are inferior qual-
ity and have low consistency because of
hydrogen-gas feed flow and diffusion in
porous ceramic bodies.

Developing a novel
manufacturing process

One of the key challenges to produc-
ing bulk Magneli-phase materials is to
decrease manufacturing costs. Further,
Magneli shear planes are prone to oxi-
dation, during which Ti,O, can revert
to TiO, under some conditions. Shear-
plane oxidation limits the forms in
which Ti,O, can be effective—nanoscale
structures, such as fibers and films, are
unstable because of their high surface
area, and the materials are difficult to
apply as plasma-sprayed coatings or
physical vapor deposition films.

In response to these challenges,
Magneli Materials LLC (New Canaan,
Ct.) developed a manufacturing pro-
cess that results in a new class of more
advanced Magneli-phase materials. These
materials have a crystalline structure
that includes an additional metal atom,
which inhibits realignment and, thus,
structurally stabilizes Magneli shear
planes. The new form also resists conver-
sion to TiO, when exposed to strong
oxidizing conditions.

The manufacturing process greatly
expands the forms in which Magneli
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materials can be made, including
microscale and nanoscale structure
powders, plasma-sprayed coatings on
low-cost substrates (e.g., titanium,
aluminum, and stainless steel), high-
surface-area reticulated foams, and
ceramic articles. In addition, the new
process makes it economical to manu-
facture Magneli-phase materials in high
volumes and with high consistency.
Magneli Materials’ manufacturing
process produces Magneli-phase materi-
als that are substantially different from
conventional Magneli-phase materi-
als, such as T1,0,, Ti,O,, Ti,O and
trademarked mixtures of these, such as
Ebonex. These new Magneli-phase mate-
rials have substantially higher (>80%)
Ti, O, content. They also are structurally
stabilized—so that nanopowders of the
materials can be mass-produced for the
first time—and are more chemically and
electrochemically stable, preventing oxi-
dation under severe environments.
Although conventional forms of
Magneli-phase materials could be used
as powders or ceramics for battery addi-
tives and cathodic protection, the new
structurally stabilized Ti,O, now can be
used for electrowinning; coatings, such
as expanded titanium mesh; tribologi-
cal applications; and water treatment,
including advanced oxidation. The
material also can be used in new forms,
including microscale and nanoscale pow-
ders; ceramic plates, tubes, and foams;
and coatings on various metal substrates.

New structures for new uses:
Ti,O, anode and ceramic
membrane

Stabilized Ti,O, has many applications
in the electrochemistry industry because
of the ceramic material’s high corrosion
resistance to acidic and basic solutions,
high electrical conductivity, and high
electrochemical stability. In particular, the
characteristics of Ti,O, and its high over-
potential have made it a leading candi-
date for use in water treatment. However,
to take advantage of these industrial uses,
new coating processes and catalysts were
needed for application of the material to
suitable substrates.

American Ceramic Society Bulletin, Vol. 96, No. 2 |

Although previous production pro-
cesses created Ti,O, tubes, they did not
allow for other anode architectures.
Magneli Materials’ production of Ti,O,
in powder form opened the ability
to coat various anode shapes, which
allowed the company to develop a coat-
ing process for Ti,O, on various metal
substrates, including titanium, stainless
steel, and lead.

Magneli Materials’ plasma-spray-coating
process enables deposition of Ti,O, on
titanium, opening development of Ti,O,
anodes. The company has used this pro-
cess to coat solid plates of titanium mesh
that are larger than 1 m X 1 m.

Ti,O, provides a protective coating
for anodes and is electrically conductive,
and Magneli Materials has conducted
preliminary research on catalyst interlay-
ers and overlayers that work with Ti,O..
The company can create several effects
for various processes.

For water-treatment applications, a
catalyst interlayer will extend the life of
the anode and Ti,O, coating by facili-
tating ion exchange while allowing full
utilization of Ti,O, and its unique water-
treatment characteristics.

Using these developments, Magneli
Materials has produced anodes for the
water-treatment, water-disinfection, elec-
trowinning, and galvanizing industries
using a combination of Ti,O, and vari-
ous catalyst coatings.

New anodes and a new reactor struc-
ture using these anodes were tested in
a pilot-scale water treatment reactor.
First-generation anodes were flat plates
in a stacked array. Although the material
processed contaminants, these anodes
enabled only low volumes of treated
water and required high energy use.

Second-generation anodes using
titanium mesh with a catalyst coating
allowed the higher current densities
needed to process hard chemical oxygen
demand (COD) contaminants, which
represent organic compounds in water.
The new mesh anodes proved success-
ful, but had significant energy costs with
high-COD contaminants.

As a result, Magneli Materials devel-
oped a Ti ,O; ceramic reactive mem-

Www.ceramics.org

1
Huﬂpe‘_ﬁr i

Ti,O, ceramic reactive membranes effi-
ciently filter mechanically and electro-
chemically. The ceramic structure of the
membranes creates more contact points
with the waste stream.

brane—a 3-D reactive membrane that can
filter mechanically and electrochemically.

The membrane has a ceramic struc-
ture that has more contact points with
the waste stream, making the membrane
a very efficient and low-cost method
for processing hard COD. These Ti,O,
membranes can incorporate catalyst
into the material, allowing development
of various effects and extension of the
anode life.

The Ti,O, ceramic membrane has
been successfully tested using a longevity
test of 40,000 amps/m? to ensure the
structure can be maintained at high cur-
rent densities for long periods of time.
These membranes currently are operat-
ing in four industrial waste-treatment
pilot plants and have decreased operat-
ing expenses by more than 50% com-
pared with previous systems.

About the authors

Robert Sterner is president and Jay
Huang is chief technology officer of
Magneli Materials LLC. Contact Sterner
at robsterner@magnelimaterials.com. For
more information about the company,
visit www.magnelimaterials.com. M
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size and impact

his year marked the 41 rendering

of the International Conference
on Composites and Advanced Ceramics
and its 10" anniversary in Daytona Beach,

Fla. After three decades in Cocoa Beach,

the TradeWinds
resort in St.
Petersburg and the
Hilton Hotel in
Daytona Beach.
Edgar Lara-Curzio,

- EENEEEEE

Edgar Lara-Curzio (left)ipresents'Ronald
Kerans with thedames I8Mueller
Memorial Award in 2007 at the first
ICACC in Daytona Beach.

Fla., the move was several years in the mak-
ing and allowed for the growth ICACC has
enjoyed over the last decade and—impor-
tantly—anticipates in the future.

then chair of ECD, visited both sites on behalf of the Society.
On considering alternative locations, the Society looked

for a venue with space to grow the conference, as well as

anticipate the possibility of the restricted conference moving

The conference began humbly enough in 1977 with 37
invited talks and 90 participants. It was organized by the

and collocating with ICACC. The Hilton’s unique North

that possibility.

Ceramic-Metal Systems Division, which became the

Engineering Ceramics Division in 1985.
The conference also evolved, changing its
name to reflect expanding technology and
applications for ceramics and composites.
The conference expanded in kind, and by
2005 there were 900 attendees to hear
700 presentations.

What did not expand was the size of the
conference hotel in Cocoa Beach.

Complicating the space issue was a con-
current restricted meeting organized by
United States Advanced Ceramics
Association (USACA). Many attendees went
to both meetings.

32

“In the first 30 years, the
conference grew from 90
to nearly 900 attendees. By
2005 the ECD leadership
realized the opportunity to
grow even more was there,

but we needed space,”

— Mark Mecklenborg, ACerS Director
of Membership, Meetings, and Technical
Publications

Www.ceramics.org

Tower and South Tower construction could accommodate

The meeting rooms in the South
Tower “are sufficiently far away [from
the North Tower] to address the export
control restrictions of that meeting, but
close enough for those who want to
attend both meetings without having to
spend a lot of time going from one
place to another,” Lara-Curzio wrote at
the time in his trip report.

Then executive director Glenn
Harvey wrote in a 2005 email, “Clearly,
you recongnized that a location change
was essential to enble the Cocoa Beach
meeting to succeed, not to mention, to
grow.” His comment proved prescient,

American Ceramic Society Bulletin, Vol. 96, No. 2
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and when ICACC moved to Daytona
Beach in 2007, a record-breaking 1,100
attendees were there along with nearly
80 exhibitors.

As it happened, the restricted meeting
has continued to meet in Cocoa Beach,
which freed space for ICACC to continue
to grow. In 2007 there were 10 symposia
and three focused sessions.

This year there were 15 symposia, three
focused sessions, and an opening plenary
session, as well as a Global Young Investi-
gators Forum, Pacific Rim Engineering
Ceramics Summit, two poster sessions,
ECD business meetings, several receptions,
and student events. About 1,000 attendees
from 51 countries attended. In his opening
remarks, lead organizer Jingyang Wang said
nearly half of the attendees were from out-
side the United States.

Wang was pleased with the outcome
of the meeting, especially programming
for graduate students and young profes-
sionals. “The symposium they organized
for themselves is very good, very special,”
he says, referring to the Global Young
Investigators Forum.

T M-
George Quinn (left) and Jonathan
Salem (right) in a discussion over one
of the many books Wiley brought for
visitors to inspect and purchase.

American Ceramic Society Bulletin, Vol. 96, No. 2
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A beautiful sight! Nearly 1,000 ceramic engineers and scientists networking during

the plenary session coffee break.

3,

S "
Andy Gyekenyesi, ECD chair;presents the

James |. Mueller award to Trudy Kriven
after her award lecture on geopolymers.

ECD leaders discussed strategy for
its future at its business meeting, which
comes down to “youth, youth, youth
and international, international, interna-
tional,” according to ECD chair, Andy
Gyekenyesi. In other words, ECD con-
tinues to have growth, growth, growth
on its mind.

The Expo on Tuesday and
Wednesday evening provided an oppor-
tunity for vendors to promote products
and services, and a concurrent poster
session provided students a chance to
promote research and ideas.

vendors to spend timewith'customers and helping
them with their eqéipment needs.

WWww.ceramics.org

Az
ACerS president Bill Lee (left) presents a
certificate of appreciation to conference
organizer Jingyang Wang.

Many other events took place during
the week, but all with the same goal in
mind—scientific dialog and exchange of
ideas for the advancement of ceramic
science and engineering.

Back in 2007, then Bulletin editor Jim
Sawyer reported on the first Daytona
Beach event, saying “Trading Cocoa
Beach for Daytona Beach was indeed a
big change, but one that leaves room for
the future.”

The truth of that statement 10 years
later points to the wisdom of the ECD’s
leadership in 2005. M

|

The Noritake tedm has the right
attitudel
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ELECTRONIC MATERIALS AND APPLICATIONS ATTRACTS

othing against perfect weather in Orlando, Fla., in Janu-
ary, but technical content was the star of this year’s EMA
story, from plenary session headliners, to the poster ses-
sion, to the now-famous Failure Symposium, and many great technical
sessions between.

The meeting, jointly organized by ACerS Basic Science Division and
Electronics Division, welcomed a record 391 attendees for the eighth
edition of this conference.

Plenary speakers lived up to EMA standards for excellence—good
solid science told in the context of the “big picture” of applications.
Sossina Haile from Northwestern University (Evanston, lIl.) presented
her work using thermolysis to produce hydrogen gas, the obvious
vital component to implementing a hydrogen economy. Neil Alford
from Imperial College London in the United Kingdom talked about his
work on masers—microwave amplification by stimulation emission
of radiation.

For most, EMA begins with a close inspection of the symposia
sessions and talks.

The poster session on Wednesday night was a highlight. As a small
army of judges deployed into the poster gallery, the room buzzed with
everyone telling their story.

The second ACerS Winter Workshop took place concurrently. ACerS
again partnered with the European Ceramic Society, which provided 15
travel grants for international students. A total of 24 students partici-
pated in Winter Workshop and were able to attend all EMA events.

Winter Workshop provided a full day of both technical and professional
development sessions, as well as outstanding networking opportunities.

Plenary speakers Sossina Haile (left) and Neil Alford (right).
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Ideas are the coin-of-the-realm for conferences. Here an attendee asks a question of Neil Alford at the Thursday plenary session.

The morning session featured experts in
the field, with presentations on electro-
ceramic technology and characteriza-
tion tools. The afternoon session was a
professional development opportunity,
with a panel of industry leaders sharing
their experiences in small group settings
to foster understanding of the professional
world. Talks covered a range of topics:
“Ceramics Careers All Qver the World,”
“Critical Business Knowledge for the Ear-
ly-Career Engineer,” and “Networking With
and Without a Beer.” The Winter Workshop
experience concluded with a tour of the
Kennedy Space Center.

“isir -~
Learning from your mistakes can be
painful, but learning from the mistakes of
others can be entertaining. Here Javier
Garay tells a full audience his behind- Krakow, Poland, toured Kennedy Space Center
the-scenes story at the after-conference as part of Winter Workshop. They look as
Failure Symposium. though the space suit would fit.

Next year’s Winter Workshop will be held
in conjunction with the 42" International
Conference and Expo on Advanced Ceram-
ics and Composites (ICACC18) at Daytona
Beach, Fla., January 21-26.

L2

ACerS and ECerS partnered to bring 24 students to the second Winter Workshop.
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Make the most of Geramic and Glass Power Week

April 23 - 27
Check out ACerS THREE ways to get a competitive advantage

Marketing for Manufacturers
Forum at ACerS

6" Geramic Business and -pssocumon-
Leadership Summit ﬁ

CERAMIC
COMPONENT
MANUFACTURERS

MOe
LEARN THE BUSINESS SIDE OF TECHNICAL INDUSTRIES AT THIS SEREGA *S*E!

ONE-DAY SUMMIT BEFORE CERAMICS EXPO ON APRIL 24...

Leave with a marketing action plan designed for you and your company. Interact with eight industry experts.

FORUM PROGRAM

Business intelligence—How to dissect a market Case study: Marketing new technology—Additive
opportunity manufacturing for ceramic materials

Gordon Nameni, management consultant, senior editor, BCC Johannes Homa, CEO and co-founder, Lithoz

Research LLC Case study: How to address multidirectional industry
Growth in the Glass Age—Managing product segments through strategic marketing

introductions Alexander Frenzl, business field manager, glass, ceramics and

Kevin T. Gahagan, senior manager, technology strategy, Corning building materials, NETZSCH-Gerdtebau GmbH

Incorporated DINNER SPEAKERS

Parsing out Palissy: Recent findings on ceramic glazes
in Renaissance France

Colleen Snyder, associate conservator of objects, The Cleveland
Museum of Art

Céline Guermeur, director, exploratory markets and technologies,
Corning Incorporated

Smart marketing for engineers; and Develop your
marketing action plan

Rebecca Geier, CEO and co-founder, TREW Marketing ] ) ]
Stephen Harrison, curator of decorative art and design, The

Cleveland Museum of Art

EARLY BIRD REGISTRATION ENDS MARCH 24™. REGISTER TODAY AT

Organized by ACerS and its Manufacturing Division


www.ceramics.org/cbls2017

The

American
Ceramic

€5 .0IG

Society

> Founding Partner of Ceramics Expo

Targeted
Learning
Workshops

SHARPEN YOUR SKILLS
AT ACERS TARGETED
LEARNING WORKSHOPS...

ACerS Targeted Learning Workshops conveniently take place
immediately prior to Ceramics Expo. Learn foundational topics—
climb the corporate ladder—secure your competitive advantage.

Statistical process control in ceramic processing workshop
Instructor: Carl E. Frahme, Frahme Consulting Services

April 23: 9 a.m, — 4:30 p.m.

April 24: 9 a.m. — 3:30 p.m.

OSHA 10-hour industrial outreach safety workshop
Instructor: Douglas Jeter, Verity Technical Consultants LLC

April 23: 1 =6 p.m.

April 24: 8 a.m. — 2 p.m.,

Introduction to additive manufacturing workshop, with
America Makes Innovation Factory Tour, Youngstown, Ohio
Instructor: Roger Narayan, University of North Carolina and North Carolina
State University

April 23: 1 = 4:30 p.m.

April 24: 9 a.m. — 3:30 p.m.

Lean essentials boot camp basics for manufacturing
workshop

Instructors: Samantha Kaplan, Corporate College (a division of Cuyahoga
Community College), and

Tom Fazekas, Corporate College (a division of Cuyahoga Community College)

April 24: 9 a.m, — 4:30 p.m.

REGISTER TODAY AT

€

ACerS booth #308
at Ceramics Expo

CERAMIC AND GLASS POWER WEEK
CONTINUES...

Visit our booth to meet marketing
and business intelligence experts
Tuesday morning, April 25!

Speakers from the Marketing for Manufacturers
Forum, Gordon Nameni, BCC Research, and Rebecca Geier,
TREW Marketing, will be in our booth to talk with you about
your business.

Pick up your own copy of Rebecca’s hands-on book, Smart
Marketing for Engineers: An Inbound Marketing Guide to
Reaching Technical Audiences.*

Named by The Wall Street Journal
editors among the Ten Most Innovative
Entrepreneurs in America, Geier details
the steps, from start to finish, to use
an inbound marketing methodology
to generate awareness and demand
in B2B technical markets. If you are
an engineer or technical business
leader looking for a straightforward,
research-based guide to modern
marketing or a professional marketer
new to targeting technical audiences, this book is for you.

*Preorder your copy at ceramics.org/cbls2017
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CeramicCs aprii 25 -27,2017

Cleveland, Ohio, USA

Join North America’s leading FR
manufacturing and engineering EE TO
event for technical ceramic ATTEND

materials and technologies

Meet over 300 worldwide leaders including CoorsTek, Morgan
Advanced Materials, Kyocera, McDanel, TOTO USA, and GeoCorp. Find
the latest materials and innovations across the supply chain, including:

e monolithic ceramic components
e CMCs
e ceramic coatings
e biomaterials
e refractory equipment and kiln furniture
e powder-processing equipment
e raw materials
e analysis and test equipment
e furnaces
e industrial kilns and associated
technologies & much more!

Founding partner

The

American
Ceramic /
Society
WWW.Ceramics.org :

REGISTER ONLINE FOR A FREE EXPO AND CONFE
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onference  April 25-27, 2017

@ ceramics expo Cleveland, Ohio, USA

North America's

conference for the application and
manufacturing processes of technical
ceramic and glass materials

Latest speakers confirmed include:
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Thomas Cleary W Howard Poisl, PhD Kapil V Deshpande, PhD
Reliability Manager, Engineering Fellow, Ceramic, Applications Scientist -
Auto Glass Solutions, Optical and High Temperature Industrial Chemicals
Corning Automotive Glass Materials, Materials and

Process Engineering
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Richard Clark Venkat Anandan, PhD Chad White
Strategic Business Research Engineer OEM Business Developer for
Development Specialist Building Material Industries

Why Attend Conference @ Ceramics Expo:

* Learn about the latest advancements in technical ceramic materials

* Discover the unique benefits that ceramic materials have to offer all applications
* Relax and network with like-minded professionals at the evening drinks receptions
* Gain new ideas and hear about frends in the ceramics market

RENCE PASS WWW.CERAMICSEXPOUSA.COM
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ACERS STRUCTURAL CLAY PRODUCTS

DIVISION AND SOUTHWEST SECTION MEETIN: _’..;___;
in conjunction with National Brick Research Center Meetmg

May 9-11, 2017

| Radisson Hotel

| Fort Worth, Texas

2017 marks the first time that ACerS Structural Clay Products Division, ACerS Southwest Section, = 3

and the National Brick Research Center are joining forces to put together combined annual meet- TAChn?.encon//_
eramic
ings that better meet the needs of the structural clay industry. Held at the Radisson Fort Worth ~ Society . i_%
A2
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North at Fossil Creek, this meeting includes a full day of technical presentations, plant tours to

Acme Brick (Denton) and Forterra (Mineral Wells), a companions program, a supplier’s mixer,
Thursday evening banquet, hospitality suite, and more!

TENTATIVE SCHEDULE OF EVENTS

Tuesday, May 9
Registration open
Hospitality suite

Wednesday, May 10
Registration open

Plant tours (Acme Brick (Denton)
and Forterra (Mineral Wells)*

Lunch sponsored by Acme Brick
Suppliers mixer reception
Hospitality suite

Thursday, May 11
Technical session 1*

Afternoon
Evening

Morning

All Day

Evening
Evening

Morning

Includes Southwest Section business meeting  Lunch for all

Technical session 2*
Banquet (short reception preceding)
Hospitality suite

Friday, May 12
NBRC member meeting

*More details coming soon!

ACersS Structural Clay Products Division Leadership

Afternoon
Evening
Evening

Morning

NATIONAL

HOTEL RESERVATIONS

Radisson Hotel Fort Worth North - Fossil Creek

2540 Meacham Blvd.
Fort Worth, TX 76106
+1(817) 625-9911

Single/Double/Triple/Quad: $105.00 plus tax (currently 15%)

Reservations must be received on or before Monday, April 10,2017
based on availability.

DIVISION AND SECTION LEADERS

Division chair: John Hewitt, Interstate Brick Company

Chair-elect: John Dowdle, Prince Minerals, Inc.

Secretary: Mike Walker, National Brick Research Center

Treasurer: Luke Odenthal, Acme Brick Co.

40

Southwest Section Leadership
Chair: John Spence, Acme Brick Co.

Chair-elect: Harland Dixon, Acme Brick Company
Vice chair: Geoff Cogar, J.C. Steele and Sons
Secretary: Fred McMann, Fives North American Combustion

Treasurer: Glenn Holladay, Materials & Ceramic Chemicals
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April 21, 2017

The 12™ Pacific Rim Conference on Ceramic and

7’/{%&” % Glass Technology and

%Techh;,’\oé ACerS Glass and Optical Annual Division Meeting

PACRIM conferences have earned a distinct reputation as a premier forum for presentations and
discussions on the state-of-the-art and emerging topics in ceramics and glass technologies. Technical
sessions consisting of oral and poster presentations, led by technical leaders from industry, national
laboratories, and academia, will provide an open forum for glass scientists and engineers from
around the world to present and exchange findings on recent advances in various aspects related
ass science and technology.

EXTENSIVE TECHNICAL PROGRAM

' Y " ‘ The robust technical program features over 30 symposia.

ceramics.org/pacrimf Topics include
- Multiscale modeling and simulation

’ - Innovative processing and manufacturing
s - Nanotechnology and structural ceramics
PACRIM Partner Societies: - Multifunctional materials and systems
The America - \ - Ceramics for energy and environment
- Ceramics in biology, medicine, and human health
- Special topics

*The Australian Ceramic Societ
{_ The Ceramic Soci€ty'o apar] . . o . .
' he Chines&’ ’ it ACerS Glass and Optical Materials Division holds its annual divi-
ing Chinest Ceramic Sogiety sion meeting at PACRIM 12. The GOMD 2017 technical program
The Korean Ceramic/%ciety _ features five symposia listed below, with eighteen sessions.

~ . - Fundamentals of the glassy state

- Glasses in healthcare

‘ - Optical and electronic materials and devices

Dileep Singh, Argonne National Labor - Glass technology and crosscutting topics
dsingh@anl.gov ’ b - Professor Jacques Lucas honorary symposia

- - Professor Takayuki Komatsu Kinen honorary symposia

Organizing Chair:

Sponsors:
!lJEDL 5A| NT-GOBAIN ; ! ! .'.nu " .’:’E! E Nippon Electric Glass
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A\ PHASE DIAGRAMS DATABASE VERSION 4.1
s IS AN ESSENTIAL TOOL FOR THE STUDY AND

i e DEVELOPMENT OF NEW AND EXISTING MATERIALS.

“Trying to work without consulting a phase diagram
first is like trying to travel without a map—and ACerS
_ is the best source of maps around— it’s the Rand

O\ VS N McNally Atlas of ceramics.”
— 1 — McKinley Marketing, Inc. Survey

7 I/?_._h'ase Version 4.1 includes:

> 26,500 total phase diagrams, including 1,656 new diagrams

e All diagrams are PDF files for high-resolution printing
e Help icons at each user-input location

e Diagram and full commentary text display

The most-trusted, comprehensive collection of critically-evaluated phase diagrams for
ceramic and inorganic systems since 1922 for understanding temperature-dependent
materials interactions.

ORDER PHASE EQUILIBRIA 4.1 DVD TODAY!

e Single User License e Multiple User License
$950.% $1,625.%

Get more information at ceramics.org/phase

The
- NIST
SCoerColer{f Naticnal Institute of

Www.ceramics.org Standards and Technolagy
U.S. Department of Commerce

Produced jointly by ACerS and NIST under the ACerS-NIST Phase Equilibria for Ceramics Program


http://www.ceramics.org
www.ceramics.org/phase

Pneumatic micro-press
he Lambient Technologies LTP-250

Micro-Press is a miniature pneumatic
press for general application of heat and
pressure to materials. An optional dual
temperature controller allows indepen-
dent control of upper and lower platens.
The press has a heating temperature
range of ambient to 350°C and a maxi-
mum applied force of 1,500 lbs. The
platen area measures 75 mm by 75 mm.
Accompanying CureView software can
be used to control temperature profiles,
ramps, and holds.

Lambient Technologies LLC
(Cambridge, Mass.)
857-242-3963
www.lambient.com

Custom ceramic
foams

oodfellow’s new

line of ceramic
foams can be manu-
factured in nonstan-
dard sizes and shapes.
Goodfellow can manufacture foams in
sizes up to 50 mm by 600 mm by 800 mm
in basic shapes as well as custom shapes
without extra tooling costs. Silicon carbide,
alumina, zirconia, or graphite-based foams
are available. Foams can be manufactured
in standard porosities from 3 pores/cm
up to 30 pores/cm, and others may be
available upon request. In addition, two
different porosities can be manufactured
in one piece.
Goodfellow Corp. (Coraopolis, Pa.)
800-821-2870
goodfellowusa.com

American Ceramic Society Bulletin, Vol. 96, No. 2 |

| Viscometer

Optical coatings
Riagaku Innovative Technologies offers

new range of precision extreme
ultraviolet lithography optical coatings for
manufacturing reflective mirrors for semi-
conductor industry wafer pattern printing.
Rigaku’s new deposition system consists of
two independent inline systems that can
simultaneously deposit four large optics,
up to 800 mm in diameter. It can also be
used to achieve high precision coatings on
substrates up to 1.5 m long for synchro-
tron and other applications. The new sys-
tem also features a very low defect rate.
Rigaku Innovative Technologies Inc.
(Auburn Hills, Mich.)
248-232-6400
www.rigakuoptics.com

YK’s new
Byko-visc DS

i viscometer rapidly
< calculates viscosity values

and provides a direct
digital readout of
Krebs units, centi-
poise, and grams. The
digital stormer maintains rotational speed
at 200 rpm in compliance with ASTM

D 562. Byko-wvisc automatically starts and
stops the motor shaft rotation by lower-
ing or raising the instrument stand. The
viscometer is calibrated with NIST trace-
able oils. An instrument base accessory

can fit quart, pint, and ¥2 pint containers.

Paul N. Gardner Co. Inc.
(Pompano Beach, Fla.)
954-946-9454
www.gardco.com

WWww.ceramics.org

Container dumper

lexicon’s new stainless or carbon

steel TIP-TITE high-ift box/contain-
er dumper provides dustfree discharging.
Containers are loaded at plant floor
level and hydraulically seated against a
discharge hood. Once the assembly is
elevated and tipped, the discharge hood
spout seats against a gasketed receiving
ring. Opening the slide gate valve at the
spout outlet allows controlled, dustfree
discharge, while closing it allows par-
tially empty boxes and containers to be
returned to the plant floor.
Flexicon Corp.
(Bethlehem, Pa.)
888-353-9426
www.flexicon.com

Glass-ceramic reference

rom Glass to Crystal—

Nucleation, growth and
phase separation: From research
to applications Edited by
Daniel R. Neuville, Laurent
Cormier, Daniel Caurant, and
Lionel Montagne, with a preface by Edgar
D. Zanotto (ISBN: 978-2-7598-1783-2).

The book assesses various theories on

nucleation, growth, and phase separa-
tion in glassy systems; recent advances
in characterization of glass-ceramics; and
presents families of glass-ceramics and
their applications. The book is ideal for
students, lecturers, researchers, engi-
neers, and those who are curious about
the transformation of glass into hybrid
glass-ceramic materials.

EDP Sciences

(Les Ulis, France)
www.edpsciences.org
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Calendar of events

March 2017

29-30 537 Annual St. Louis Section/
RCD Meeting — Hilton St. Louis Airport,
St. Louis, Mo.; www.ceramics.org/
sections/st-louis-section

April 2017

24 6" Ceramic Business and
Leadership Summit — I-X Center,
Cleveland, Onhio;
www.ceramics.org/cbls2017

25-27 Ceramics Expo 2017 - I-X
Center, Cleveland, Ohio;
WWW.ceramicsexpousa.com

May 2017

9-11 AcCers Structural Clay
Products Division and Southwest
Section Meeting in conjunction with
the National Brick Research Center
Meeting — Fort Worth, Texas;
www.ceramics.org/rcd

21-26 12t Pacific Rim Conference on

Ceramic and Glass Technology, includ-
ing Glass & Optical Materials Division
Meeting — Hilton Waikoloa Village,
Waikoloa, Hawaii;
www.ceramics.org/pacrimi2

June 2017

14-16 BIT’s 6" Annual World
Congress of Advanced Materials 2017
— Xi’an, China;
www.bitcongress.com/wcam2017

26—28 s Advances in Cements-
Based Materials (Cements 2017)
Georgia Tech - Atlanta, Ga;
WWW.Cceramics.org

July 2017

4—7 6" European PEFC & H, Forum:
21st Conference in Series with Tutorial,
Exhibition, and Application Market —
Lucerne, Switzerland; www.EFCF.com

44

9-13 = 15" Conference & Exhibition
of the European Ceramic Society —
Budapest, Hungary; www.ecers2017.eu

24—28 9" Int’'| Conference on Borate
Glasses, Crystals, and Melts; Int’l
Conference on Phosphate Glasses —
Oxford, U.K.; www.sgt.org

September 2017

17-20 » Ultra-High Temperature
Ceramics: Materials for Extreme
Applications IV — Cumberland Lodge,
Windsor, U.K.; www.engconf.org

27-29 » UNITECR 2017 -
CentroParque Convention and
Conference Center, Santiago, Chile;
www.unitecr2017.org

October 2017

1—6 » EPD 2017: 6" International
Conference on Electrophoretic
Deposition: Fundamentals and
Applications — Gyeongju, South Korea;
www.engconf.org/conferences/materi-
als-science-including-nanotechnology/
electrophoretic-deposition-vi-
fundamentals-and-applications

8-12 MS&T17 combined with ACerS
119" Annual Meeting - Pittsburgh, Pa.;
www.matscitech.org

8-13 European Microwave Week
2017 — Nirnberg Convention Center,
Nuremberg, Germany;
www.eumweek.com

18—19 60" International Collogium
on Refractories — Eurogress, Aachen,
Germany; www.ic-refractories.eu

22-25 » 2017 ICG Annual Meeting
and 32™ Sisecam Glass Symposium
— Sisecam and Technology Center,
Istanbul, Turkey;
www.icginstanbul2017.com

Www.ceramics.org

November 2017

6—9 = 78" Conference on Glass
Problems — Greater Columbus
Convention Center, Columbus, Ohio;
www.glassproblemsconference.org

12-16 Int’l Conference on Sintering
2017 — Hyatt Regency Mission Bay
Spa and Marina, San Diego, Calif.;
www.ceramics.org/sintering2017

January 2018

17—-19 EMA 2018: ACerS Electronic
Materials and Applications —
DoubleTree by Hilton Orlando Sea
World, Orlando, Fla.; www.ceramics.org

21-26 IcACC’18: 42 Int’l
Conference and Expo on Advanced
Ceramics and Composites — Hilton
Daytona Beach Resort/Ocean Walk
Village, Daytona Beach, Fla.;
WWW.Cceramics.org

May 2018

20-24 coMD 2018: Glass and
Optical Materials Division Meeting —
Hilton Palacio de Rio, San Antonio,
Texas; www.ceramics.org

July 2018

8—12 15" International Conference on
the Physics of Non-Crystalline Solids
& 14™ European Society of Glass
Conference - Le Grand Large, Saint-
Malo, France; www.ustverre.fr

August 2018

20-23 MCARE 2018: Materials
Challenges in Alternative & Renewable
Energy — Vancouver, BC Canada;
WWW.Cceramics.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.
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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

(Rauschert

949-421-9804

- TRaomow
PROGRESS
INNOVATION

fus o - www.rauscherf.com <€

'/,

Contract Machining Service

Since 1980

» Utmost Confidentiality

* Alumina to Zirconia
including MMC

* Exacting Tolerances

* Complex shapes to
slicing & dicing

¢ Fast & reliable

service
l-l ATVANCED CERAMICS m

160 Goddard Memorial Dr. Worcester, MA 01603 USA

Tel:(508) 791-9549 «Fax:(508) 793-9814
«E-mail:info@prematechac.com
*Web site: www.PrematechAC.com

www.ceramics.org/

ceramictechtoday

American Ceramic Society Bulletin, Vol. 96, No. 2

34 Years of Precision Ceramic Machining

o Custom forming of
technical ceramics

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

o Multiple C.N.C.
Capabilities

ADVANCED
~'CERAMIC
TECHNOLOGY

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

Custom Machining

Five Modern CNC Routers
Two Shifts a Day, Five Days a Week!

Low Mass, High Temp. Products
Ours or Yours!

Free
Samples!

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

www.zircarceramics.com

BOMAS

Precision Machining
of Advanced Ceramics
and Composite Material

Joe Annese ¢ Mark Annese

Since 1959
ITAR Registered

bomas.com

www‘ceromics.org

High Temp Insulation

CUSTOM MACHINING

Precision Machinery
« Complex Shapes

« Exacting Tolerances
» Prototypes, Short Runs, High Volume
« Focus on Quality

Talk to us about product samples.

Zircar
Industry Experience
Trusted Products

Zircar Zirconia, Inc.
(845) 651-3040
sales@zircarzirconia.com
www.zircarzirconia.com

custom/toll processing services

PIP] e

Powper Processine & TecunoLoey, LLC
Your Source for Powder Processing
We specialize in:
* Spray Drying
* Wet and Dry Milling
e Calcining and Slnterlng
Typical Applications:
e Catalysts < Electronics
* Ceramics © Fuel Cells
For more information please, contact us at
219-462-4141 ext. 244 or sales@pptechnology.com
5103 Evans Avenue | Valparaiso, IN 46383
www.pptechnology.com

Specialty GLASS Inc.

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
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SERVICES

* Sintering, calcining,
heat treating to
1700°C

* Bulk materials
and shapes

* R&D, pilot
production

* One-time or
ongoing

HARROP

———— INDUSTRIES, INC.

EQUIPMENT

¢ Atmosphere
electric batch kilns
to 27 cu. ft.

¢ Gas batch kilns
to 57 cu. ft.

SEM ¢ COM comPANY, INC.

Glass & Glass Ceramic Manufacturing
1ISO 9001:2008 CERTIFIED

¢ Melting to 1675°C: grams to tons

¢ Flake, frit, rolled marble & powder forms
¢ Redrawn & updrawn tubing or rod

e Cast plates, billets & boules

e Glass formula & properties development

¢ Solid Si dopant source wafers in assoc.
with Techramics, Ltd.

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

1040 N. Westwood Ave.
Toledo, OH 43607

Ph: 419-537-8813 BEM, COM
Fax: 419-537-7054 -
e-mail: sem-com@sem-com.com

web site: www.sem-com.com

laboratory/testing services

liquidations/used equipment

« Glass defect al
+ Furnace refra ailure and autopsies
v material contaminant identification
technology support regardi
ling seminars oy

nsul .f’u[u

& sample prep equipment

8 « MomiLe

GELLER MICROANALYTICAL
LABORATORY, INC.

Analytical Services & NIST Traceable
Magnification Standards
SEM/X-ray, Electron Microprobe, Surface Analysis
(Auger), Metallography, Particle Size Counting,
and Optical Microscopy
for Ceramics and Composite Materials
Specializing in quantitative analysis of boron, car-
bon, nitrogen, oxygen, etc. in micrometer sized areas.
Elemental mapping,diffusion studies, failure analysis,
reverse engineering and phase area determinations.
ISO 9001 & 17025 Certified
Put our years of experience to work on your specimens!
426 Boston St. Topsfield, MA 01983
Tel: 978-887-7000 Fax: 978-887-6671

Science.
Applied to Life.”

Be inspired =

by innovation .

3mM™ Sﬁécialty Glags »
ustom Cera .-

3M.com/specialtyglass
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www.gellermicro.com Email: sales @ gellermicro.com

M Thermal Gradient

M Dilatometry

| 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

W ASTM Testing
M Refractories Creep
M Clay testing

SPECTROCHEMICAL
Laoboratories
Material Evaluation

Complete Elemental
Analysis
ISO 17025 & AS 9100 Accredited
Ceramics & Glass - Refractories & Slag

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

OES-SEMIGA
=D OETV T

spectrochemicalme.com | [724-334-4140

Www.ceramics.org

Used
CERAMIC MACHINERY

fi } n

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

Looking
For A...

Ceramic/Materials
Engineer,
Research Engineer,
Ceramics Instructor,
Plant Manager,
Maintenance
Supervisor, Ceramic
Salesperson, Glass
Technologist, Furnace
Designer,
Kiln Superintendent,
Ceramic Machine Shop
Supervisor,
Used Equipment...

Place Your Ad in
the Bulletin’s Classified
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BUYING & SELLING

» Compacting
Presses

* Isostatic Presses -+ Attritors

« Piston Extruders  + Spray Dryers

» Mixers & Blenders < Screeners

« Jar Mills * Media Mills

» Pebble Mills « Kilns & Furnaces

+ Lab Equipment » Stokes Press Parts

Huge Inventory in our Detroit
Michigan warehouse

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

« Crushers &
Pulverizers

DPRA peTrROIT PROCESS MACHINERY

maintenance/repair services

;ﬁc ENTORR
Vacuum Industries

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/cb

Alan Fostier - afostier@centorr.com
Dan Demers - ddemers(@centorr.com

CUSTOM HIGH-TEMPERATURE
VACUUM FURNACES

THE AMERICAN CERAMIC SOCIETY
Website Advertising

TARGET YOUR
MARKET

ceramics.org
ceramictechtoday.org

Contact Mona Thiel For Details
614-794-5834
mthiel @ceramics.org
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O deciphering the discipline

A regular column offering the student perspective of the next generation of ceramic and glass
scientists, organized by the ACerS Presidents Council of Student Advisors.

An undergraduate
student perspective
from Winter Workshop
and Electronic
Materials and
Applications 2017

Arriving in sunny Orlando, Fla.,
for the Electronics Materials and
Applications Conference and ACerS
Winter Workshop was a welcome break
from the snow in State College, Pa.,
where I am an undergraduate student
at Pennsylvania State University. With
little background or research experience
in electronic materials, I was excited to
learn about topics such as piezoelectric
materials and energy harvesting appli-
cations at the meeting. EMA plenary
speakers did not disappoint—each did
an excellent job introducing the area
of research and engaging the audience
throughout the talks.

One of my favorite parts of the
conference was the light-hearted, fun
failure talks session. It is refreshing to
hear that even people so established
in their field make mistakes and learn
from them. Presenters were willing to
explain their mistakes and laugh about
where they went wrong. I presented
my research—not failures—during the
EMA poster session and found it really
rewarding to connect with new people.
I received many good recommendations
for improving or expanding upon some
of my research ideas.

All of the professors, industry profes-
sionals, and graduate students I met
in Florida were extremely welcoming
and forthcoming with advice to an
undergraduate thinking about pursu-
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ing a Ph.D. in materials
science. I am thankful for
this opportunity to build my
network because these con-
tacts will be my colleagues
for the rest of my career. In
addition to meeting profes-
sors at universities that are
potential future graduate
schools, I met students from
all around the world at the
Winter Workshop thanks to
a grant from the European
Ceramics Society (ECerS).
Knowing people from all
over Europe will open future
opportunities, including col-
laborations and international
relationships, especially when
attending ECerS meetings.

It is so invigorating to meet
people from around the
world who are interested

in the same materials and
technologies—it demonstrates
the wide spread of the materials science
community and how much we can learn
from one another.

While not all the knowledge I gained
from Winter Workshop technical ses-
sions is applicable to my undergraduate
research, understanding techniques and
processes can inspire new ways of thinking
for future projects. The workshop’s profes-
sional development session was particu-
larly helpful for illuminating post-doctoral
opportunities in government positions
such as national laboratories, research and
development in industry, faculty positions
in academia, and even possibilities of one
day starting my own company. An industry
presence in this portion of the workshop
and in talks throughout the conference
complemented the academic tone of the
conference as a whole.

This meeting cemented my decision
to go to graduate school to not only

Www.ceramics.org

Victoria Christensen
Guest columnist

Winter Workshop and Electronic Materials and
Applications 2017

Credit:

pursue further materials research, but

to gain critical thinking skills developed
during doctoral research. In addition,
touring NASA's John F. Kennedy Space
Center was a fun way to end the week by
learning and exploring with new friends.
Altogether, I enjoyed how the small size
of the workshop and the conference fos-
tered more meaningful interactions that
are now friendships.

Victoria Christensen is an under-
graduate student studying materials sci-
ence and engineering at Pennsylvania
State University. Christensen intends
to continue into graduate school to
pursue a Ph.D. in ceramic-polymer
composite materials for structural or
aerospace applications. In her spare
time, she enjoys running and volunteer-
ing for Penn State's dance marathon,
an organization that benefits families
affected by pediatric cancer. ™
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Technical Meeting and Exhibition
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MATERIALS SCIENCE & TECHNOLOGY

OCTOBER 8 — 12,2017 | DAVID L. LAWRENCE CONVENTION CENTER | PITTSBURGH, PENNSYLVANIA, USA
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Submit your abstracts by March 15, 2017 ‘s
THEMES FOR 2017 INCLUDE:

Additive Manufacturing Iron and Steel (Ferrous Alloys)

Biomaterials Materials-Environment Interactions
Ceramic and Glass Materials Nanomaterials

Electronic and Magnetic Materials Processing and Manufacturing

Energy Special Topics
Fundamentals, Characterization, and

Computational Modeling MATSCITECH.ORG ST
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Experience the Next Generation of Material Science Catalogs

As one of the world's first and largest manufacturers and distributors of nanoparticles &
nanotubes, American Elements’re-launch of its 20 year old Catalog is worth noting.

In it you will find essentially every nanoscale metal & chemical that nature and current
technology allow. In fact quite a few materials have no known application and have yet
to be fully explored.

But that's the whole idea!

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

www.americanelements.com
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